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This feature lead summary document captures the issues related to UL time and frequency synchronization in NR NTN. It contains a summary of the contributions under 8.4.2 at TSG-RAN WG1 #106-e. together with identified key open issues and recommends topics/questions to be handled via email discussions. The goal of this document is also to provide recommendation on prioritization of discussion and whether any issues should be postponed. 
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[bookmark: _Toc80303172]Issue#1: Feeder link timing drift handling
The Timing Advance to be applied by an NR NTN UE in the different RRC sates was discussed in RAN1 Meeting #104-bis-e and the following formula was agreed: 

 is network-controlled common TA, and may include any timing offset considered necessary by the network.  with value of 0 is supported. details of signalling including granularity is still FFS.

The indication of common TA has been agreed in RAN1#104b-e, while the common TA drift rate is still under discussion. 
In RAN1#105-e extensive discussions were conducted on the Feeder link timing drift compensation. Two options were discussed: 
· Option 1: Feeder link timing drift is compensated by UE using Common TA parameters
· Option 2: Feeder link timing drift is compensated by the Network in a way transparent to UE
But, no consensus was made and the FL Recommendation was as follows:
	FL Recommendation:
On the feasibility of feeder link time drift handling by the UE  companies are:
· Highly encouraged to carry out simulations and provide numbers in RAN1#106-e by taking into account the different error budgets : errors due to satellite ephemeris accuracy (maximum errors on satellite position as known by gNB) errors due quantization of common TA parameters, error due ageing of Common TA parameters when indicated to the UE. 
· Encouraged to provide more inputs on the suitable Common TA parameters that need to be indicated by the Network if feeder link timing drift is to be compensated by UE using common TA parameters




While option 2 will have almost no ( or very limited) impact on the specifications, Option 1 will require more specification effort, as Common TA related parameters need to be specified. Thereby, it was proposed by different companies to focus on the concrete design of Option 1.
Having the feeder link timing drift compensated by the UE will introduce another source of timing errors that will impact the total tolerable UL timing error. 
Thereby, to analyse the impact of feeder link time drift compensation at the UE. there are mainly two questions to be addressed carefully: 
i. What is the acceptable TA error due to UE handling of feeder link TA drift?
ii. If the feeder link timing drift is to be compensated by the UE. What are the Common TA parameters to be indicated by the network to have this solution workable?
The feasibility of Option 1 was extensively discussed during RAN1#105-e. Based on numbers/simulations results provided by some companies this option should be feasible.

On Issue#1, there are many Proposals and Observations submitted to RAN1#106-e . They are summarized in the following table:
	Companies
	Proposals

	Huawei, HiSilicon
	Observation 3: The high timing offset variation between the DL and UL frame timing will introduce more implementation complexities to the gNB.

	vivo
	Proposal 1: Support feeder link time compensation at UE.

	Baicells
	Proposal 1: UE compensates the feeder link timing drift, while the network compensates a semi-static part of TA.

	Sony
	Observation 2: Changes in satellite location due to orbital movement affect the propagation delay of the feeder link and can be configured to the UE as a drift rate.
Proposal 3: RAN1 should support the signalling of timing drift rate information to the UEs in a beam specific manner.
Proposal 4: UE should update the common TA with common timing drift rate when UE transmits uplink data.

	Samsung
	[bookmark: _Ref78447516]Proposal 7: The gNB signals common TA drift rate to enable autonomous TA update at UE.

	PANASONIC 
	Proposal 1: We propose to allow for a non-zero DL-UL timing difference managed by the network.
· FFS: The need and feasibility of a common timing drift rate to accurately compensate the feeder link delay including feeder link switch operation.
Proposal 2: Residual feeder link timing drift is compensated by the network.

	OPPO
	Observation 1: For feeder link delay tracking, when common TA and common TA drift rate are provided to the UE, the UE can track the FL delay up to 3 s assuming tracking error under 1 us. When a second order derivative is additionally provided to the UE, the tracking duration can be increased up to 35 s under the same tracking error assumption.

	FGI, Asia Pacific Telecom, III, ITRI
	Observation 2	When downlink and uplink frame timing are aligned at gNB, the timing error at gNB is based on SSB and UL SCS configuration, contributed from 1) legacy BS error, 2) UE-specific TA error, 3) error by GNSS accuracy and 4) common TA error.
Proposal 2	Common delay, common delay drift, and common delay drift variation provided by NW shall be supported to ensure the common TA error is within 0.02 μs, considering GNSS position accuracy of 30m and UE-specific TA error within 0.012 μs can be achieved.

	Qualcomm
	Observation 1: Compensation of feeder link timing drift can impose significant implementation complexity and its feasibility is questionable. It is more efficient to have network compensate feeder link timing drift in a way transparent to UE.

	CMCC
	Proposal 1: Regarding feeder link timing drift handling, focus on the concrete design of Option 1.
-	Option 1: Feeder link timing drift is compensated by UE using Common TA parameters.
Proposal 2:  Regarding feeder link timing drift handling,
· For scenario 1 (RU located at gNB) and scenario 2-a (RU located at gateway, with gateway and gNB co-located), the full feeder link propagation delay (i.e., satellite-to-gNB RTT), including the feeder link timing drift, is compensated by UE using Common TA parameters.
· For scenario 2-b (RU located at gateway, with gateway and gNB located away from each other), part of feeder link propagation delay (i.e., satellite-to-gateway RTT), including the feeder link timing drift, is compensated by UE using Common TA parameters. And another part of feeder link propagation delay (i.e., gateway-to-gNB RTT), which is time invariant, is compensated by network.


	Ericsson
	Observation 4	 Using satellite as reference for time requirements severely affects compatibility with existing Rel-16 gNB.
Observation 5	The support of a reference point for time that results in a time-varying DL/UL slot misalignment at the gNB will have significant impact to gNB implementation and result in heavy specification work in other RAN groups
Observation 8	 For a 2nd order approximation of the Common delay, the feeder link RTT approximation error is 10% of the CP length for SCS=120 kHz (i.e., 59 ns) with a 13 second update interval and 10% of the CP length for SCS=15 kHz (i.e., 469 ns) with a 26 second update interval.
Observation 9	 For a 3rd order approximation of the Common delay, the feeder link RTT approximation error is 10% of the CP length for SCS=120 kHz (i.e., 59 ns) with an update interval exceeding 30 seconds.

	NTT DOCOMO, INC.
	Observation 1: The requirements of estimation error of common TA for both SCS 15kHz and 120kHz can be satisfied in the following two cases:
	Case 1: Set 1 (i.e., Common TA and common TA drift rate) are broadcasted and UE acquires the new broadcasting parameters every 0.5sec.
	Case 2: Set 2 (i.e., Common TA, common TA drift rate and common TA drift variation rate) are broadcasted and UE acquires the new broadcasting parameters every 4sec.
Observation 2: Under given requirement of maximum TA error, there is a tradeoff between the broadcast parameters and valid_duration.
	Note: valid_duration indicates the time period during which the common TA parameters are valid and accurate TA satisfying TA error requirement can be obtained at the UE side. UE should not re-acquire or can skip re-acquiring new common TA parameters in valid_duration after an acquirement timing.
Proposal 1: If the feeder link timing drift is to be compensated by the UE, at least following common TA parameters can be indicated by the network:
	Common TA
	Common TA drift rate

	Fraunhofer IIS, Fraunhofer HHI
	Observation 1: Signaling the 2nd and 3rd order drift rate parameters improve the common TA estimation at the UE side substantially.
 Proposal 1: RAN1 to consider the signaling of higher order drift rate parameters by the network for compensation of the feeder link delay drift at the UE side.  



[bookmark: _Toc80303173]Company views 
Based on companies contributions to RAN1#106-e, large majority supports feeder link time compensation at UE. Several companies have studied its feasibility and provided very useful numbers/simulations results.
[Qualcomm] listed different error sources in NTN and associated maximal error as follow:
1.	Feeder link RTD with 5s update rate and signaling of second-order derivative: about 0.15 s 
2.	Ephemeris with 60s update periodicity: about 0.12 s
3.	UE GNSS error at 50m: 0. 3s (100m is the current requirement on GNSS accuracy) 
4.	DL synchronization error and clock drift/jitter

Then [Qualcomm] observed that compensation of feeder link timing drift can impose significant implementation complexity and its feasibility is questionable. It is more efficient to have network compensate feeder link timing drift in a way transparent to UE.
[vivo] proposed to support feeder link time compensation at UE. According to [Baicells] UE compensates the feeder link timing drift, while the network compensates a semi-static part of TA.
Companies [Sony, Samsung, FGI, Asia Pacific Telecom, III, ITRI, NTT DOCOMO, INC] are supportive of  at least common TA drift rate indication to enable autonomous TA update at UE. [CMCC] are supportive of Moderator’s suggestion to focus on the concrete design of option 1(Feeder link timing drift is compensated by UE using Common TA parameters).
[PANASONIC] proposed FFS the need and feasibility of a common timing drift rate to accurately compensate the feeder link.
On the feasibility of Option 1: Inputs/numbers regarding the maximum feeder link delay/RTD error have been provided in some contributions. Simulation results are summarized in the following (in ascending order of Tdoc numbers):  
[Thales- R1-2106556]: Maximum one-way Common Delay error estimation
Table 1 [Thales- R1-2106556]: Maximum one-way Common Delay error estimation
	Prediction time [s]
	maximum one way Common Delay estimation error [microseconds]

	
	Without quantization error
	With quantization :
 23 bits for Common Delay  
12 bits for Common Delay drift 
 5 bits for Common Delay drift variation 

	3
	0,005
	0,022

	5
	0,008
	0,028

	10
	0,028
	0,084

	15
	0,086
	0,175

	20
	0,197
	0,320

	25
	0,381
	0,590

	30
	0,652
	0,880

	60
	5,012
	5,940



Ericsson made two observations:	
· For a 2nd order approximation of the Common delay, the feeder link RTT approximation error is 10% of the CP length for SCS=120 kHz (i.e., 59 ns) with a 13 second update interval and 10% of the CP length for SCS=15 kHz (i.e., 469 ns) with a 26 second update interval.
· For a 3rd order approximation of the Common delay, the feeder link RTT approximation error is 10% of the CP length for SCS=120 kHz (i.e., 59 ns) with an update interval exceeding 30 seconds.
[Ericsson-  R1-2108240] : Feeder link RTT approximation error including effects of common delay parameter quantization.
[image: Chart
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Figure 1 [Ericsson] : Feeder link RTT approximation error including effects of common delay parameter quantization.
[MediaTek- R1-2107065] : The maximum delay error over the feeder link to less than 0.1 us assuming the device reads the NTN SIB carrying common TA parameters  NTA,common,drift,rate , NTA,common,drift,rate,variation and  NTA,common,third,order,derivative once every 30 seconds.
[image: ]
Figure 2 [MediaTek] Maximum common delay error over the feeder link
Table 2 [MediaTek] Maximum common delay error over the feeder link
	Prediction time [s]
	2.2 us
	5.5 s
	10.9 s
	16.4 s
	21.8 s
	27.3 us
	32.8 s

	Delay error with drift rate  
	0.11 us
	0.68 us
	2.81 us
	6.36 us
	11.3 us
	17.3 us
	-

	Delay error with drift rate  and drift rate variation 
	0.006 us
	0.009 us
	0.03 us
	0.10 us
	0.25 us
	0.49 us
	0.84 us

	Delay error with third derivative
	0.002 us
	0.007 us
	0.007 us
	0.009 us
	0.02 us
	0.03 us
	0.07 us



[Oppo- R1-2107244 ] made an observation: For feeder link delay tracking, when common TA and common TA drift rate are provided to the UE, the UE can track the FL delay up to 3 s assuming tracking error under 1 us. When a second order derivative is additionally provided to the UE, the tracking duration can be increased up to 35 s under the same tracking error assumption:
[image: ]
Figure 3 [OPPO]: Maximum delay error

[ZTE- R1-2107776]: ZTE observed that for supporting the adjustment at UE side, the common TA drift rate should be indicated to reduce signalling overhead for common TA update. Moreover, due to the nonlinear variation of common TA, indication of the higher order drift rates may be needed to avoid the frequent updates:
Table 3 [ZTE]: Maximum residual error of common TA autonomously predicted by UE based on common TA and drift rates generated by least square fitting
	Indication period
	3 s
	5 s
	10 s
	15 s
	20 s
	30 s

	Indicate only first order drift rate
	0.4342 us
	1.2068 us
	4.8162 us
	10.7819 us
	19.0289 us
	41.9450 us

	Indicate first and second order drift rates
	0.0013 us
	0.0062 us
	0.0498 us
	0.1679 us
	0.3914 us
	1.3378 us

	Indicate first, second, and third order drift rates 
	0.0001 us
	0.0001 us
	0.0015 us
	0.0072 us
	0.0219 us
	0.0984 us



[NTT DOCOMO - R1-2107856] observed that the requirements of estimation error of common TA for both SCS 15kHz and 120kHz can be satisfied in the following two cases:
	Case 1: Set 1 (i.e., Common TA and common TA drift rate) are broadcasted and UE acquires the new broadcasting parameters every 0.5sec.
	Case 2: Set 2 (i.e., Common TA, common TA drift rate and common TA drift variation rate) are broadcasted and UE acquires the new broadcasting parameters every 4sec.
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Figure 4 Maximum estimation error of Common TA under different set of common TA parameters and different valid duration T_valid

[Fraunhofer IIS, Fraunhofer HHI, R1- 2108073] observed that signaling the 2nd and 3rd order drift rate parameters improve the common TA estimation at the UE side substantially:
	Scenario / SIB update
	Delay drift rate 
	2nd order drift rate
	3rd order drift rate

	LEO 600 / 5 [s] 
	 [µs]
	 [µs]
	[µs]

	LEO 1200 / 5 [s]
	[µs]
	 [µs]
	  [µs]

	LEO 600 / 28 [s] 
	 [µs]
	 [µs]
	[µs]

	LEO 1200 / 28 [s]
	[µs]
	 [µs]
	  [µs]



Furthermore [Thales, Ericsson] observed that the closed loop TA control can be used to expend update period of the common delay parameters:
[Thales] made the following observation: The residual timing inaccuracy due to common TA approximation can be managed by gradual timing adjustment using closed loop TA commands if necessary.
[image: ]
Figure 5 [Thales] Gradual Common TA adjustment using Control loop TA Command
[Thales, R1-2106556]: Effect of gradual timing adjustment using closed loop TA commands: The maximum time during which the UE can keep track of the Common delay without having acquired new assistance information is extended to 15 seconds (instead of 9 seconds if only open loop is used)
[image: ]
Figure 6 [Thales]: Effect of gradual timing adjustment using closed loop TA commands
[Ericsson] made the following observation: Closed-loop TA control can be used to reduce the need to re-acquire common delay parameters.
[Ericsson-  R1-2108240] : Residual timing error with closed-loop TA control: As shown in the following Figure the closed-loop TA control significantly improves the timing accuracy so that the accuracy with a 2nd order approximation of the common TA is now very close to 10% of the CP length for SCS=120 kHz also for longer update periods of the common delay parameters.
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Figure 7 [Ericsson] : Residual timing error with closed-loop TA control

Finally, regarding option 2 [Huawei] echo the RAN vendors views and observed that the high timing offset variation between the DL and UL frame timing will introduce more implementation complexities to the gNB.
[Moderator’s view]: Based on simulation results provided within the contributions submitted to RAN1#106-e,  the compensation of  feeder link timing drift by UE using Common TA parameters should be feasible for both FR1 and FR2.
In view of  the above discussion, the following Initial Proposal is made:

Initial Proposal 1:
· Feeder link timing drift may be compensated by UE using Common TA parameters

Companies are encouraged to provide inputs within the following table – please elaborate:
	Companies
	Comments and Views

	ZTE
	We are in general fine with the intention of this proposal. But since the main point here is related the content of common TA parameters, maybe we can directly focus on the Initial Proposal 2 in section 2. 
Moreover, clarification on the “may” is needed. In our view, if it refers to the case that configuration of some additional common TA may be optional in some case, it can be discussed below.

	OPPO
	Our proposal was not captured in the FL summary. We provided another alternative to track the common TA for feeder link. Our proposal is to give a virtual reference point position and a time shift. The UE can estimate the common TA with higher accuracy, together with lower signaling overhead. 

	FGI
	Support. This is feasible and helps UE maintain UE-gNB RTT with good accuracy.

	Nokia, Nokia Shanghai Bell
	Given that there is a pending LS to SA1 And SA3 related to alternative options for estimating the feeder link delay, the current proposal is not acceptable. Propose to revisit this aspect when a response from SA1 and SA3 is received.

	Xiaomi 
	This proposal depends on the conclusion for the common TA parameters. We can discuss this point after acquiring conclusion for the common TA parameters.

	Panasonic
	In general, we agree.
However, one overarching aspect is not clear to us: the permissible timing offset between DL and UL frame timing at the gNB. The companies in RAN1 should develop a common understanding of this important design goal. Is the design goal to replicate stringent timing with CP accuracy comparable to a terrestrial deployment, or does NTN-NR allow for a moderate timing offset (e.g. slot order) at the gNB?

	Apple
	We are fine that the feeder link timing drift is compensated by UE using common TA parameters. However, our proposal is that the timing error on the feeder link (after UE’s compensation due to the parameters from network) should not be counted in UE’s uplink timing error budget. Since UE follows the indication from network, and the resulting feeder link timing error should not be UE’s responsibility.  

	Intel
	We support the proposal. 

	MediaTek
	Agree. The common TA parameters need to be specified. We would prefer the proposal does not use “may” which is ambiguous. Instead, the proposal could state something like “if common TA parameters are configured by the network”.

	Ericsson
	Support. The feasibility of this has been shown by multiple companies while no feasibility analysis has been provided for the alternative of leaving everything to the network implementation (on the contrary, several network vendors have pointed out significant implementation impacts). Now we need to move forward by agreeing this principle in order to focus the future discussions on the detailed solution.

	Samsung
	Agree

	Lenovo/MM
	We agree with moderator’s view that feeder link timing drift should be solved by common TA related parameters.

	QC
	We don’t support the proposal. In our view, UL timing synchronization is already tight in FR2 even the feederlink timing drift is handled by the network. Hence, the feasibility at least in FR2 is unclear. To the least, the above agreement will add a lot of additional works to RAN4.

	Huawei, HiSilicon
	Support. Feeder link timing compensation should take the complexity of gNB into consideration. As UE will compensate timing drift of service link from time to time, it is more reasonable for UE to compensate feeder link timing drift as the same time to reduce the complexity at the gNB side.

	LG
	Support

	NTT DOCOMO, INC.
	We basically support the proposal. Regarding the “may”, we share the same confusion with ZTE. We think the intention of this proposal is to define UE compensating feeder link timing drift. Then, it can be revised into “Feeder link timing drift should be compensated by UE using common TA parameters. FFS: Other parameters.”

	Spreadtrum
	Support

	vivo
	Support the proposal.

	Baicells
	We support that UE compensates the feeder link timing drift. First of all, if feeder link timing drift is handled by gNB, the implementation of gNB would be very complicated. In addition, no matter feeder link timing drift is compensated by the network or not, UE still needs to deal with the service link timing drift. However, there are concerns regarding signaling overhead and accuracy. Based on the above analysis, we think that the most effective method is that UE compensates the feeder link timing drift using some fixed parameters (such as gNB position).

	Fraunhofer 
	We support this proposal by FL

	Sony
	Support. Common TA drift is useful for compensation of feeder link delay.

	CMCC
	Support

	
	



[bookmark: _Toc80303174]Updated proposal based on company views (First round of email discussions)
22 companies provided views during the first round of email discussions.
The proposal was acceptable to large majority [Huawei, HiSilicon, LG, NTT DOCOMO, INC, Spreadtrum, vivo, Baicells, Fraunhofer, Sony, CMCC, Intel, MediaTek, Ericsson, Samsung, Lenovo/MM, Apple, Panasonic, FGI, ZTE, Thales] 
[ZTE, Xiaomi] proposed to focus on proposal related to Issue#2. To the Moderator, indicating the Common TA drift rate is highly dependent on Issue#1. The companies shall align understanding on Feeder link timing drift compensation handling: by the UE? Or the Network?
[Oppo] proposal about the indication of a virtual RP is captured in the FL summary under Issue#8 as this could be an alternative solution and it is similar to the broadcast of GW position. 
[Nokia] proposed to revisit Issue#1 when we receive a response from SA1/SA3 to the LS on broadcasting the GW/gNB position. From Moderator’s perspective, broadcasting the GW/gNB position might be an alternative solution (if no security/regulatory issue) if and only if Feeder link timing drift is to be compensated by UE. Thereby, the group needs to have a common understanding on Feeder link timing drift compensation handling.
Regarding the concern of  [Panasonic]: It seems that gNB can support a static timing offset between DL and UL frame timing  (as already supported in Rel15/16 with ) But it seems that it is very challenging to support dynamic offset as observed by Huawei, the high timing offset variation between the DL and UL frame timing will introduce more implementation complexities to the gNB.
To [Apple], the timing error  is being discussed in RAN4, it seems that the total error budget will include :Te GNSS and Te Satellite  position error + Te legacy. That is, there will be no specific error budget for neither for Common TA nor for UE specific TA. Hope we will have more details within the response to our LS on Timing requirements.
[Qualcomm] does not support the proposal and commented that the feasibility of Feeder link compensation by the UE at least in FR2 is unclear. In Moderator’s view, a way forward to make some progress and with consideration on the limited time we may take this proposal as a working assumption. The intention is to have the needed assistance information specified in case the UE needs to compensates the timing drift on the feeder link. These assistance information that the network may indicate include common TA parameters being discussed under issue#2 and/or possibly GW/gNB position being discussed under issue#8.
Based on the above discussion, the Initial proposal 1 is updated as follows:  
Working assumption 1:
· If the reference point for uplink time synchronization is not at Satellite, Feeder link timing drift is compensated by UE.


Companies are encouraged to provide inputs within the following table – please elaborate:
	Companies
	Comments and Views

	MediaTek
	The working assumption could be fine, but then the common TA parameters would have to be indicated to make this working assumption possible. We would propose a revision
Working assumption 1:
· If the reference point for uplink time synchronization is not at Satellite, Feeder link timing drift is compensated by UE using Common TA parameters.


	Ericsson
	Support.

	Samsung
	RAN1 didn’t define the reference point, so the UE cannot decide whether the reference point for uplink time synchronization is not at Satellite or not. It seems the original proposal is clearer.

	Lenovo/MM
	Support.

	Apple
	There is no spec statement of “reference point is not at satellite.” Probably, the similar wording is “the network indicated common TA is larger than 0”. 
Again, even if feeder link timing drift is compensated by UE, the residual timing error should not be counted in UE’s uplink timing error budget. We may add a note for this. 

	NTT DOCOMO, INC.
	Support. In cast that the reference point is not the spec statement, it can be revised as “If partial or full TA on feeder link is compensated by the UE, Feeder link timing drift is compensated by UE”.

	Spreadtrum
	Support

	LG
	Agree with Samsung. We don’t want to couple this issue with the location of reference point. So, we prefer the original proposal 1.

	QC
	We don’t define the reference time and we should not couple the two issues. We don’t support to have UE compensate feeder link timing drift.

	CATT
	Technically it is one potential solution. However, what is specific requirement to UE if the feeder link timing drift is compensated by the UE? For FR2, it might be problematic. 

	Huawei, HiSilicon
	Support

	Panasonic
	Our main concern is not addressed, since it is unclear from this formulation to what degree the UE compensates the feeder-link timing drift. The above seems to put the responsibility for TA compensation completely on the UE, if the reference point is not the satellite. And it also seems to put the responsibility for TA completely on the network side, if it is the satellite. We think a balanced approach with divided responsibilities is more beneficial for most use cases including feeder link switch.
Modified Working assumption 1:
· Feeder link timing drift is compensated jointly by UE and the network.


	Intel
	Support

	Baicells
	As mentioned by Samsung, It seems the original proposal is clearer. 
The following is also fine:
If gNB is not at Satellite, which means there is Feeder link timing drift, Feeder link timing drift is compensated by UE.

	Nokia, Nokia Shanghai Bell
	Still, before making any working assumptions, we prefer to wait for the SA3 and SA1 responses.

	ZTE
	Support. 
We are no supportive to take any joint behavior to compensate the time-variant TA at gNB side. It should be fully compensated at UE side. 

	Xiaomi 
	We think Initial Proposal 1 is better. 

	CMCC
	Support.

	Sony
	We share Samsung’s view. 

	OPPO
	First of all, RAN1 shall define what it means by if the reference point is not on satellite. 
Secondly, to UE vendor, it is risky to agree on the proposal without knowing what exactly the common TA parameters are. Our concern is that if the parameters are common TA and drift rate, the UE burden is too overwhelming to ensure a satisfied TA accuracy. That’s the reason we propose a virtual RP solution, so that the UE will not need to frequently read the updated common TA parameters.  

	vivo
	We also think the original Proposal 1 is clearer. 



[bookmark: _Toc80303175]Updated proposal based on company views (Second round of email discussions)
The majority is supporting of having the feeder link timing drift compensated by the UE.  And one company is not supporting.
In Moderator’s view, to make some progress and with consideration on the limited time we may take this proposal as a working assumption that the group can revisit in next RAN1 meeting. The intention is to move forward and specify the needed assistance information to be indicated by the Network in case Feeder link timing drift is to be compensated by UE.
Based on 2nd round of email discussion, the Working assumption 1 is updated as follows:

Modified Working assumption 1:
· [bookmark: _GoBack]Feeder link timing drift may be compensated by UE using Common TA parameters.


[bookmark: _Toc80303176]Issue#2: Indication of Common TA drift parameters 
In case of LEO/MEO based non-terrestrial access network, if feeder link timing drift is to be compensated by the UE, such compensation shall be performed with a very good accuracy to ensure aligned DL and UL symbol level processing (FFT and IFFT window) at RU/gNB. Thus finer granularity of Common TA will be required and indicating parameters to assist the UE deriving the actual Common TA will be needed.
The following proposal was extensively discussed during last RAN1 meeting. But it was not acceptable to everyone. There was mainly an objection from one company that needs more time to make sure having feeder link timing drift compensated by UE using Common TA parameters is feasible especially for FR2.
	
If feeder link timing drift is to be compensated by UE using common TA parameters, the Network may periodically broadcast:

  Common delay
  Common delay drift rate 
  FFS:  High-order derivative of Common Delay drift 
  FFS: Series of Common TA parameter

If feeder link timing drift is compensated by Network, the Network may periodically broadcast:
  Common delay

In case of network not indicating these parameters, common delay and common delay drift rate are equal to zero by default.



In current meeting, we will try to answer the question:  If the feeder link timing drift is to be compensated by the UE. What are the Common TA parameters to be indicated by the network to have this solution workable?
The answers to the above question were provided within  the proposals submitted to RAN1#106-e:
	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 1: The common TA is determined as the RTD from the reference point to the satellite, i.e. by subtracting the delay compensated at the gNB from the feeder link RTD.
Proposal 2:  can be either a positive or negative value to support the corresponding reference point at both service link and feeder link.
Proposal 4: At least support indicating a common TA drift rate as part of the common TA applied by UE.
Proposal 5: For Msg1/MsgA transmission and TA maintenance, use a common TA drift rate to compensate the TA drift between SIB decoding and UL transmission.

	THALES
	Proposal 1: 
The Network may periodically broadcast:
	Common TA 
	Common TA drift rate 
	Second-order derivative of Common Delay drift

	vivo
	Proposal 2: Support common TA calculation discussion after common TA drift parameters are determined. 

	Sony
	Proposal 3: RAN1 should support the signalling of timing drift rate information to the UEs in a beam specific manner.
Proposal 4: UE should update the common TA with common timing drift rate when UE transmits uplink data.

	Samsung
	Proposal 1: The following options are considered for  and .
· Option 1
· : its update is supported by group common signalling.
· : Defined as the same as Rel-15/16
· Option 2
· : broadcasted by SIB.
· : Defined as the same as Rel-15/16
· Option 3
· : broadcasted by SIB with drift rate information.
· : Defined as the same as Rel-15/16. 
Proposal 5: A gNB signals residual common TA value to UEs such that UEs can derive common TA by adding to minimum common TA value, which can be obtained by UE from the satellite ephemeris (or altitude) information.
Proposal 7: The gNB signals common TA drift rate to enable autonomous TA update at UE.


	CATT
	Proposal 3: In order to save signaling overhead, common TA and common timing drift will be equal to 0 if not indicated. 

	PANASONIC 
	Proposal 3: The common TA value NTA,common is always indicated in SIB. 
· FFS: the value range of NTA,common

	MediaTek 
	Proposal 1: If feeder link timing drift is to be compensated by UE using common TA parameters, the Network may periodically broadcast:
· Common delay 
· Common delay drift rate 
· Common delay drift rate variation 
· Common third order derivative 
Where 
  
· Common delay  is NTA,common  / 2
· Common delay drift rate is  NTA,common,drift, rate / 2
· Common delay drift rate variation is  NTA,common,drift,rate,variation  / 2 
· Common delay third order derivative is NTA,common,drift,thrird_order,derivative  / 2


	FGI, Asia Pacific Telecom, III, ITRI
	Proposal 2 	Common delay, common delay drift, and common delay drift variation provided by NW shall be supported to ensure the common TA error is within 0.02 μs, considering GNSS position accuracy of 30m and UE-specific TA error within 0.012 μs can be achieved.
Proposal 3 	If feeder link timing drift is compensated by UE using Common TA parameters, the NW at least broadcasts common delay in SIB1, and the rest of common TA parameters can be signaled via UE-specific RRC messages or NTN SIB provided in an on-demand manner.
Proposal 4	     If feeder link timing drift is to be compensated by UE using common TA parameters, the NW may broadcast a series of Common TA parameters with the epoch for UE to estimate gNB’s location.

	Qualcomm
	Proposal 1: Network may broadcast a common timing offset value, X, with the granularity of one slot assuming the subcarrier spacing of the SSB of the cell. 
· NTA,common is derived from X.


	LG Electronics
	Proposal 1. Support additional signaling by the network in order to apply proper common TA according to time changes at UE side. Potential solutions can include 
•	Alt 1) providing the reference time corresponding to common TA
•	Alt 2) providing series of common TA

	Intel Corporation
	Proposal 1: 
· Support at least common TA drift rate indication
· Alternatively, broadcast of reference point for pre-compensation of feeder link delay can be considered to avoid frequent reconfiguration
· Support indication of Common TA at least with granularity of Rel. 15 TA indication

	Ericsson
	Observation 10	The following levels of quantization for the common delay parameters will not significantly impact the performance of common TA estimation:
- Common delay: 26 bits
- Drift rate: 15 bits
- Drift rate variation: 15 bits
- 3rd order term (if applicable): 15 bits

	Apple
	Proposal 1: It is up to network implementation on the indication of common TA drift parameters.
· If common TA drift parameters are not indicated, then UE assumes no common TA drift.
· If common TA drift parameters are indicated, then UE pre-compensates the drifted common TA. 
· The common TA timing error is not counted in UE’s uplink timing error budget. 
· Common TA drift parameters include at least common TA drift rate. FFS common TA drift high order derivatives.


	ZTE
	Proposal 1: First and second order common TA drift rates should be supported along with common TA.
Proposal 2: Following solutions can be considered to further optimize the overhead of signaling:
· Indication of third order common TA drift rate.
· Indication of multiple set of {common TA, first order drift rate, second order drift rate} with different applicable timing


	NTT DOCOMO, INC.
	Proposal 1: If the feeder link timing drift is to be compensated by the UE, at least following common TA parameters can be indicated by the network:
	Common TA
	Common TA drift rate
Proposal 4: Common TA parameters can be broadcasted in broadcasting information, e.g., SIB.

	CAICT
	Proposal3: FFS the indicator to carry   and the associated drift rate.

	Xiaomi
	Proposal 2: When the common TA is not broadcasted by network, the UE should assume that   N_(TA,common)=0 .
Proposal 3: The common timing drift rate indicated by network should be supported.

	Lenovo, Motorola Mobility
	Proposal 3: Support indication of common timing offset drift rate and indication of drift rate variation.

	Fraunhofer IIS, Fraunhofer HHI
	Observation 1: Signaling the 2nd and 3rd order drift rate parameters improve the common TA estimation at the UE side substantially.
 Proposal 1: RAN1 to consider the signaling of higher order drift rate parameters by the network for compensation of the feeder link delay drift at the UE side.  

	Nokia, Nokia Shanghai Bell
	Proposal 3: The Common TA value in SIB is sufficient for common TA tracking.
Proposal 4: It should be left up to the gNB to decide whether and how often to broadcast the Common TA drift rate.
Proposal 5: Common TA drift rate variation indication is not supported.



[bookmark: _Toc80303177]Company views 
On the parameters to be indicated to the UE for the derivation of Common TA, different views were expressed within the contributions submitted to RAN1#106-e: Companies are encouraged to read each other’s proposals captured in the table above.
The summary of the expressed views is the following: 
Some companies share the view that having the feeder link drift compensated by UE requires at least 1st order derivation (common TA drift rate) for common TA for viability of solution: [Huawei, Sony (in a beam specific manner), Samsung, Intel Corporation, NTT DOCOMO, INC, Xiaomi, Nokia, Nokia Shanghai Bell (up to gNB)]
Some companies proposed to indicate high-order derivative of Common Delay drift improve the common TA estimation at the UE side substantially:  [Thales (2nd order),  MediaTek (3th order), FGI, Asia Pacific Telecom, III, ITRI (2nd order), Ericsson (3th order), ZTE (at least 2nd order), Lenovo, Motorola Mobility (2nd order), Fraunhofer IIS, Fraunhofer HHI (at least 2nd order).
[Nokia] observed that information on Common TA drift rate and Common TA drift rate variation is beneficial for tracking the Common TA over time. Also, according to [Nokia] the UE can read multiple SIB messages that carry only the common TA information and derive other common TA parameters i.e. the Common TA drift and common TA drift rate variation w.r.t. time. Therefore, the Common TA value in SIB is sufficient for common TA tracking.
Additionally, [LG Electronics] proposed to provide series of common TA. To further optimize the overhead of signalling [ZTE] proposed to indicate multiple set of {common TA, first order drift rate, second order drift rate} with different applicable timing.
From Moderator’s perspective, as already discussed under Issue#1, for better accuracy of self-estimated Common TA at least a second-order approximation is needed, thereby, both Common TA drift rate and Common TA drift variation rate may need to be jointly broadcast by the Network. Furthermore, knowledge by the UE of the common delay drift rate over the feeder link allows to compensate the timing drift of the DL for more robust DL synchronization. As proposed by [Nokia] to reduce the signaling overhead, only Common TA may be indicated, then the UE may derive Common TA drift parameters by reading multiple Common TA values indicated within multiple SIBs. But as the algorithm / method to process the Common TA parameters has significant impact on the precision of Common TA approximation, it is preferable that Common TA parameters are generated by the Network and signaled to the UE. Also, some companies proposed to indicate series of common TA or multiple set of {common TA, first order drift rate, second order drift rate}but it is not clear how this would reduce the signalling overhead knowing that in this case the time associated to each set should be also indicated.

Base on the above discussion the initial proposal 2 is made as follows:
Initial Proposal 2:
If feeder link timing drift is to be compensated by UE using common TA parameters, the Network may periodically broadcast:

· Common delay
· Common delay drift rate
· Common delay drift rate variation 
· FFS:  High order derivative of Common Delay drift 


Companies are encouraged to provide inputs within the following table – please elaborate:
	Companies
	Comments and Views

	ZTE
	In our view, the following updates are preferred for a concise proposal. The only thing we need to conclude is the additional content (except for the agreed common TA) which will be indicated by the network to support pre-compensation of feeder link issue at UE side. The views from other companies (e.g., to enable the gNB based compensation) can also covered by following proposal since the indication of this parameter will be optional.
Moreover, there is no need to define the new terminology as “common delay” and the word as “common TA” has already been used in previous agreement. It will be confused with more new name.
Updated Initial Proposal 2:
If feeder link timing drift is to be compensated by UE using common TA parameters, In addition to common TA, the Network may periodically broadcast:

· Common delay
· Common TA delay drift rate
· Common TA delay drift rate variation 
· FFS:  High order derivative of Common TA Delay drift 


	OPPO
	It is unfortunate that our proposal was not captured as an alternative. 

	FGI
	Support. UE shall maintain different NTN parameters, e.g., common TA and ephemeris, provided in SIB. It will be beneficial if their update frequency can be similar, which can be done by extending validity time of common TA if common delay drift rate variation is supported.  

	Nokia, Nokia Shanghai Bell
	In current agreements there is only acceptance for indication of a common timing offset value, while the indication of the common timing offset drift rate is under FFS (RAN1#103-e). As we have outlined in our contribution, the common timing offset is sufficient for allowing the UE to estimate the time wise development of the timing offset. This is just a matter of the UE reading more than one timing offset value, which would allow the UE to predict the needed timing offset values in a similar manner into the future. Hence, this proposal is not acceptable for us. Further, we would like to highlight that providing the NTN GW location (potentially even with some bias for security), would in a similar way be able to reduce the need for providing details on the feeder link timing drift (and derivatives). 

	Xiaomi 
	The Network may periodically broadcast:
· Common TA
· Common TA drift rate
From our perspective, other parameters are not needed. 

	Panasonic
	Since the target of the timing compensation mechanism (i.e., the permissible DL/UL timing offset is slot order or CP order) is not clear, we do not support to adopt any higher order series components of the common TA, yet.
Updated Initial Proposal 2:
If feeder link timing drift is to be compensated by UE using common TA parameters, the Network may periodically broadcast:

· Common delay
· Common delay drift rate
· Common delay drift rate variation 
· FFS:  High order derivative of Common Delay drift 

	Apple
	We need to consider the option where the common TA drift rate or common TA drift rate variation are not broadcasted. For example, if the timing reference point is at satellite, and common TA is 0, then there is no need to broadcast common delay drift rate or its variation. 

	Intel
	Based on the analysis presented by companies we think that the proposal is reasonable. We support the proposal.

	MediaTek
	Support moderator proposal. We think it is preferable that the proposal mention common delay parameters, rather than common TA. As discussed in Section 6.1 for UE-specific TA, similarly it is needed to take into account satellite movement during DL signal propagation from satellite to UE when defining the common TA.

	Ericsson
	Support. Common delay + drift rate + drift rate variation are needed to support acceptable re-acquisition periods of the parameters for LEO. A third order term might be needed for the most challenging case ((V)LEO, highest SCS, long re-acquisition period) but this can be further studied.

	Samsung
	Based on our analysis in R1-2106885, we think the common delay and the common delay drift rate are enough to be supported.

	Lenovo/MM
	Agree with moderator’s proposal.

	QC
	We don’t support the idea of having UE handle feeder link timing drift.

	Huawei, HiSilicon
	We are fine with proposal. Alternatively, to further extend the validity time of common TA, other schemes, e.g. parameters fitting for the variation of common TA, can also be considered if it is proven that the validity of common TA can be longer with comparable signaling overhead. 

	LG
	We think previous proposal in the last meeting can be the starting point of this issue. Also, as we commented in our contribution, providing series of common TA parameter is necessary to discuss because it can improve the accuracy and increase validity time duration. So, we can modify the initial proposal 2 as follows:

Modified Initial Proposal 2:
If feeder link timing drift is to be compensated by UE using common TA parameters, the Network may periodically broadcast:

· Common delay
· Common delay drift rate
· Common delay drift rate variation 
· FFS: High order derivative of Common Delay drift
· FFS: Series of Common TA parameter


	NTT DOCOMO, INC.
	Support the first two bullets. Common delay drift rate variation should also be FFS as discussed in our tdoc. Whether common delay drift rate variation is needed is dependent with the updating period of the parameters and TA error requirement, etc.

	vivo
	We think common TA and common TA drift rate are enough, no need to support other parameters.

	Baicells
	We can support this approach, but still hope for a better solution as we have stated in Issue1. 
As [MediaTek] mentioned, the common TA may change after the transmission delay. Therefore the accuracy level that this approach can achieved should be discussed further.

	Fraunhofer 
	Agree with the proposal.

	Sony
	We support “common delay” and “common delay drift rate”, and these are supported by most companies.
We think that we should agree “common delay” and “common delay drift rate” at first, then we can consider whether to support “common delay drift rate variation” or not - to progress the discussion.

	CMCC
	Agree with the proposal.

	OPPO
	We propose that the network can provide a virtual RP position which is different from the actual GW position. There is no security issue since the GW position is not disclosed. The UE can track the common TA using the virtual RP position and a time shift indicated by the network. The position and the time shift can be semi-static which does not require an updating. Moreover the UE can estimate a much more accurate feeder link delay compared to the solution of initial proposal 2. 
[image: ]
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[bookmark: _Toc80303178][bookmark: _Toc56168766]Updated proposal based on company views (First round of email discussions)
Regarding Common TA drift parameters, 21 companies expressed views during first round of email discussions. Companies are encouraged to read each other’s proposals captured in the table above.
Many companies hold the view that for better accuracy of self-estimated Common TA at least a second-order approximation is needed. The Initial Proposal 2 is updated as follows:
Updated Proposal 2:
In addition to common TA, the Network may periodically broadcast:

· Common TA drift rate
· Common TA drift rate variation 
· FFS:  High order derivative of Common TA drift 

Companies are encouraged to provide inputs within the following table :
	Companies
	Comments and Views

	MediaTek
	Support. The indication of Common TA drift rate  and Common TA drift rate variation would allow accurate prediction of the common delay within a few seconds depending on the numerology based on analysis provided by several companies. The High order derivative of Common TA drift would allow longer accurate prediction of the common delay.

	Ericsson
	Support.

	Samsung
	Support

	Lenovo/MM
	Support.

	Apple
	We can accept common TA drift rate broadcast, while keeping common TA drift rate variation open. Considering the open loop TA control, the need of common TA drift rate variation is unclear. 

	NTT DOCOMO, INC.
	We support the first bullet. Common TA drift rate variation can be FFS.

	LG
	As we commented above, providing series of common TA parameter is necessary to discuss because it can improve the accuracy and increase validity time duration. So, we can add one more FFS bullet regarding series of common TA parameter. 

	QC
	We have serious concern. The issue should be discussed after RAN4 decided on timing requirement.

	CATT
	This proposal is related to issue 1. We need discuss issue 1 firstly.

	Huawei, HiSilicon
	We are fine with the proposal. As commented earlier, to further extend the validity time of common TA, other schemes, e.g. parameters fitting for the variation of common TA, can also be considered if it is proven that the validity of common TA can be longer with comparable signaling overhead.

	Panasonic
	As outlined under issue#1, the UE and the network should divide the timing pre-compensation functionality amongst themselves, rather than burdening only the UEs. We think it is sufficient for the UE to handle common TA and the drift rate.
Updated Proposal 2:
In addition to common TA, the Network may periodically broadcast:

· Common TA drift rate
· Common TA drift rate variation 
· FFS:  High order derivative of Common TA drift 


	Intel
	Support

	Baicells
	Support.

	Nokia, Nokia Shanghai Bell
	We still believe the UE may achieve sufficiently detailed information on the Common TA time development by reading a number of common TA indications. As shown in our contribution, this approach will provide the same accuracy as providing TA drift rate and TA drift rate variation. Our starting point is that this proposal is not needed, as the already agreed information (Common TA) is sufficient for obtaining the needed information.  

	ZTE
	Support

	Xiaomi
	We think broadcasting common TA drift rate is ok. And keeping common TA drift rate variation open is preferred.

	CMCC
	Support

	Sony
	We support the proposal.
However, if common TA drift rate variation is discussion point, we think that we should agree “common delay” and “common delay drift rate” at first, then we can consider whether to support “common delay drift rate variation” or not - to progress the discussion.

	OPPO
	We suggest to wait for the SA2/SA3 feedback. Our concern is that the UE burden is very high if only common TA and TA drift rate are indicated. According to our simulation results, it updating rate is around 3 seconds. The rate will be much higher if we target FR2 range. 
If the GW position can be indicated to the UE, it would be a much lighter solution to UE. 

	vivo
	We support the first bullet, and the second bullet – “common delay drift rate” can be FFS. 



[bookmark: _Toc56168767][bookmark: _Toc80303179]Updated proposal based on company views (2nd round of email discussions)

[bookmark: _Toc80303180]Issue#3: Granularity and signalling of Common TA parameters
Having the timing drift on the feeder link compensated by the UE will require from the Network to indicate  Common TA parameters with finer granularity to limit the quantization error.
Preliminary discussions on the granularity of Common TA were already initiated in previous RAN1 meetings. 
These are the proposals on Common TA granularity submitted to RAN1#106-e:
	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 3: The granularity of common TA is .
Observation 4: The required number of bits for broadcasting common TA for LEO (600 km), LEO (1200 km), and GEO are respectively 18, 19 and 22

	Thales
	Proposal 2: The granularity of Common TA is equal to 64/2^μ*Tc
μ is the highest allowed numerology for the given Frequency Range
Proposal 3: 
The Network may periodically broadcast:
	in case of GEO based non-terrestrial access network:
	Common TA in a field of 26 bits 
	in case of LEO/MEO based non-terrestrial access network:
	Common TA in a field of 23 bits 
	Common TA drift rate in a field of 13 bits
	Common TA drift rate variation in a field of 6 bits

	Spreadtrum Communications
	Proposal 1: NTA, common should be expressed in the legacy granularity of Tc units.

	Baicells
	Proposal 4-1: The granularity of common TA needs to match with the error.
Proposal 4-2: The granularity should be configurable for the protocol specification.

	Samsung
	Proposal 2: RAN1 discusses the granularity after concluding the signaling and update of N_(TA,common) and N_TA.

	CATT
	Proposal 4: The granularity of common TA can apply 1024 Tc or 2048Tc of step size.

	PANASONIC R&D Center Germany
	Proposal 4: We propose a granularity of the common TA value NTA,common in the order of slot or half slot duration.

	MediaTek Inc.
	Observation 2: If   (16∙64)⁄2^μ ∙T_c is used for GEO, this gives a common delay error of 0.52 us, which exceeds the legacy UE timing error (Te) in TS 38.133.
Observation 3: The maximum range of common TA is 

Proposal 2: The granularity of Common TA is set to be 64⁄2^μ ∙T_c for LEO/MEO/GEO based non-terrestrial access network.

	Qualcomm
	Proposal 1: Network may broadcast a common timing offset value, X, with the granularity of one slot assuming the subcarrier spacing of the SSB of the cell. 
· NTA,common is derived from X.


	CMCC
	Proposal 3: The granularity of Common TA is set to , where  is a reference SCS, which is configured by the network in system information.

	Ericsson
	Proposal 10	The granularity of the NTA,common applied by the UE should be 64/2µ to limit its impact to the total timing error budget to less than 1% of the CP length.
Observation 10	The following levels of quantization for the common delay parameters will not significantly impact the performance of common TA estimation:
- Common delay: 26 bits
- Drift rate: 15 bits
- Drift rate variation: 15 bits
- 3rd order term (if applicable): 15 bits

	Apple
	Proposal 2: The broadcast common TA is in the unit of .

	ZTE
	
Proposal 3: The signaling granularity of common TA can be chosen as . The signaling granularity of first order drift rate can be chosen as 2.78*10-3 us/s. The signaling granularity of second order drift rate can be chosen as 2.84*10-4 us/s2.
Observation 1: The required bit size for broadcasting of TA parameters for LEO is:
· one common TA in a field of 22 bits; 
· one first order drift rate in a field of 14 bits;
· one second order drift rate in a field of 11 bits if supported;
Observation 2: The required bit size for broadcasting of TA parameters for GEO is 25 bits.

	NTT DOCOMO, INC.
	Proposal 2: For small valid_duration, the granularity of Common TA parameters is set to the same as the granularity of NTA, . 
· Common TA: 15bits payload for SCS 15kHz, 18bits payload for SCS 120kHz
· Common TA drift rate: 7bits payload for SCS 15kHz, 10bits payload for SCS 120kHz
Proposal 3: For large valid_duration, different granularities can be used for multiple common TA parameters.
· Common TA with granularity : 15bits payload for SCS 15kHz, 18bits payload for SCS 120kHz
· Common TA drift rate with granularity : 9bits payload for SCS 15kHz, 12bits payload for SCS 120kHz
· Common TA drift variation rate with granularity : 5bits payload for SCS 15kHz, 8bits payload for SCS 120kHz


	Xiaomi
	Proposal 1: With consideration on the signalling overhead, the large granularity of  i.e.  is preferred. 

	Lenovo, Motorola Mobility
	Proposal 1: Support the granularity of to be same as granularity of TA command for both GEO and LEO/MEO scenario: .



[bookmark: _Toc80303181]Company views 
On Common TA granularity, different view were expressed within the contributions as follows:

· The same as the granularity of N_TA, i.e., : [Huawei, Spreadtrum Communications, CATT, CMCC, Apple, NTT DOCOMO, INC, Lenovo, Motorola Mobility]
· The granularity of : [CATT, Xiaomi ]
· The granularity of  : [Thales, MediaTek, Ericsson]
· The granularity of  : [ZTE]
· One slot: [PANASONIC, Qualcomm]

In Moderator’s view finer granularity would be beneficial to reduce the quantization error in case of at least LEO/MEO based NTN. As observed by [MediaTek] if  is used, this gives a common delay error of 0.52 us, which exceeds the legacy UE timing error (Te) in TS 38.133.
Assuming Common TA granularity of 64⁄2^μ ∙T_c , will give an additional common TA error of 32.55 ns
to limit its impact to the total timing error budget to less than 1% of the CP length. Which will not significantly impact the performance of common TA estimation as observed by [Ericsson]. Assuming Common TA granularity of  will give an additional common TA error of  more than 10% of the CP.
Based on the above, the initial proposal is made as follows:


Initial Proposal 3:

If feeder link timing drift is compensated by UE using Common TA parameters, the granularity of Common TA is set to be:
· Option 1:  The same as the granularity of , i.e., .
· Option 2 : 

μ is the highest allowed numerology for the given Frequency Range


Companies are encouraged to provide their comments and views:
	Companies
	Comments 

	ZTE
	We are supportive on this proposal and fine to down-select it later. Meanwhile, additional decision on the granularity for at least the 1st drift rate should also be defined.

	FGI
	Support. Prefer Option 2. This is beneficial for some challenging cases, e.g., UL SCS = 60kHz, where timing error at Gnb may exceed 50% of CP length as shown in R1-2107288.

	Nokia, Nokia Shanghai Bell
	Considering that there is already an agreement on the fact that the network may provide the common timing drift value, this proposal could be acceptable if it is amended such that it reflects the optionality of the Gnb providing the value. Additionally, the current agreement does not mention anything about feeder link timing drift, but rather just common timing offset value. That is, the initial proposal should according to our understanding be as follows:
If provided, the timing drift offset is having a granularity that is according to:
· Option 1:  The same as the granularity of , i.e., .
· Option 2 : 

Where μ is the highest allowed numerology for the given Frequency Range


	Xiaomi 
	We are negative on this proposal. That feeder link timing drift is compensated by network should not be excluded now.

	Panasonic
	We think it is premature to decide now on the granularity. The required granularity of the common TA parameter depends on the permissible DL/UL timing offset at the Gnb. A less stringent timing offset in the order of a slot would not require fine granularities as proposed here.

	Apple
	Option 1. We think the same granularity as TA command is enough. 

	Intel
	Support the proposal. Option 1 seems reasonable.

	MediaTek
	In case Common TA parameters are configured, the UE will use these to pre-compensate the feeder link delay drift. This must be done very accurately.
· Option 2 with common TA granularity of 64⁄2^μ ∙T_c should be specified. This will give an additional common TA error of 32.55 ns to limit its impact to the total timing error budget to less than 1% of the CP length.
Option 1 with (common TA granularity 16∙64)⁄2^μ ∙T_c is used for GEO, this gives an additional  common TA error of 0.52 us, which exceeds the legacy UE timing error (Te) in TS 38.133

	Ericsson
	Option 2 is preferred. Note that in worst case, the errors due to granularity of NTA and NTA,common add up. We should not waste >10% of the timing error budget by using a coarse common TA.

	Samsung
	Option 1

	Lenovo/MM
	We prefer option 1. And we have a further question: Will there be down selection between option 1 and  option 2 or both options will be supported?

	Huawei, HiSilicon
	Support. Down selection can be done later when the analysis of all error sources become clear.

	LG
	We slightly prefer option 1, but it can be discuss further after Issue #2 is decided.

	NTT DOCOMO, INC.
	[bookmark: OLE_LINK1]Based on our analysis, following observations can be obtained.
· The common TA parameters, granularity and updating period are highly related and dependent with each other under given TA error requirements. 
· For different TA error requirements, the design will also be different. 
· The granularity can be different for multiple common TA parameters. 
Therefore, the granularity should be not independently discussed. Once Issue#2 is determined and the preferred updating period achieves consensus, the granularity for each common TA parameter will be clearer.
For example, as stated in our tdoc, if common TA and common TA drift rate are broadcasted and updated in a small valid_duration, same granularity in Option 1 for both parameters would be enough. However, if common TA, common TA drift rate and common TA drift variation rate are broadcasted and updated in a large valid_duration, different granularities in option 1 and option 2 should be considered for different parameters to achieve good tradeoff between TA error performance and broadcasting payload.
However, if this proposal only discusses the granularity of common TA, we support Option 1.

	Spreadtrum
	Support the proposal. We prefer option 1.

	Vivo
	We support both Option 1 and Option 2. Considering different satellite altitudes, the larger granularity can be set for GEO scenario, and the smaller one can be set for LEO/MEO scenario.

	Baicells
	We think the final actual error is currently unknown, so it is not clear whether the high precision granularity as option2 is needed. We still think that the granularity of common TA needs to match with the error. Based on the current analysis, we prefer option1.

	Fraunhofer 
	Perhaps this proposal can be discussed after resolving issues#1 and #2.

	Sony
	We prefer the option 2.
We think the proposal is related to initial proposal 1 & 2, so we can discuss this after we reach conclusion on initial proposals 1 & 2.

	CMCC
	Support in principle, but μ is better to be a reference SCS, which is configured by the network in system information, i.e.,
μ is the highest allowed numerology for the given Frequency Range configured by the network.

Furthermore, we prefer to Option 1. In our view, the granularity of Common TA () affects the quantization error of open-loop TA control mechanism. Note that the TA adjust range via MAC CE TA command () is , then adopting the same granularity of  as , i.e., , seems acceptable, since a finer granularity of  is helpless to reduce the quantization error of close-loop TA control mechanism, which is dominated by the granularity of .



[bookmark: _Toc80303182]Updated proposal based on company views (First round of email discussions)
Based on the views expressed during the first round of email discussion, there is no clear majority pointing to one option or the other. It is reasonable to keep both options at this stage and down-select one later.
Therefore, the updated Proposal 3 is as follows:
Updated Proposal 3:

If feeder link timing drift is compensated by UE using Common TA parameters, the granularity of Common TA is set to be:
· Option 1:  The same as the granularity of , i.e., .
· Option 2 : 

μ is the highest allowed numerology for the given Frequency Range

Companies are encouraged to provide inputs within the following table :
	Companies
	Comments and Views

	MediaTek
	The clarification is helpful. As mentioned in 1st round comment
In case Common TA parameters are configured, the UE will use these to pre-compensate the feeder link delay drift. This must be done very accurately.
· Option 2 with common TA granularity of 64⁄2^μ ∙T_c should be specified. This will give an additional common TA error of 32.55 ns to limit its impact to the total timing error budget to less than 1% of the CP length.
Option 1 with (common TA granularity 16∙64)⁄2^μ ∙T_c is used for GEO, this gives an additional  common TA error of 0.52 us, which exceeds the legacy UE timing error (Te) in TS 38.133
To make progress, there could be some discussion on whether companies share understanding that coarser granularity adds to the total transmission error. Then, it should be clear that with option 2, 0.52 us is too large additional granularity error. 

	Ericsson
	We support the proposal. When down-selecting, we prefer Option 2. Note that the normal CP length is  Thus, Option 1 with granularity  would waste a significant part of the CP on quantization errors of .

	Samsung
	Option 1

	Lenovo/MM
	We are fine with the proposal for now.

	Apple
	We prefer common TA granularity to align with the TA command (i.e., close to Option 1).
We are not sure why μ is the highest allowed numerology for the given Frequency Range. Maybe some clarification is beneficial. 

	NTT DOCOMO, INC.
	Regarding the granularity of common TA, we prefer Option 1. The granularities of other common TA parameters (e.g., drift rate) can be further discussed.

	Spreadtrum
	Support the proposal. We prefer option 1.

	LG
	We slightly prefer option 1, but it can be discuss further after Issue #2 is decided.

	CATT
	For common TA indication, the critical point is whether the common TA is used for maintain the UL timing very accurately. What is the performance requirement?

	Huawei, HiSilicon
	Support. Down selection can be done later when the analysis of all error sources become clear.

	Panasonic
	We think it is premature to decide now on the granularity. The required granularity of the common TA parameter depends on the permissible DL/UL timing offset at the gNB. A less stringent timing offset in the order of a slot would not require fine granularities as proposed here.

	Intel
	Support the proposal. We prefer Option 1.

	Baicells
	We share the same view as Apple.

	Nokia, Nokia Shanghai Bell
	We cannot support the proposal, as stated. The initial part of the sentence reads “feeder link timing drift” whereas the second part reads “granularity of common TA”. This can lead to ambiguity if the agreement concerns the former, the latter or both. 
That said, in what concerns the Common TA signalling (agreed in RAN1#103) we would prefer the more refined granularity, on the basis of Ericsson argument on the previous round.

	ZTE
	Support 

	Xiaomi 
	We prefer option 1 is preferred to align with the TA command. Additionally the following note is suggested.
Note: It should be avoided that UL synchronization requirement for NTN UE is tighter than TN UE.

	CMCC
	We share the same concern with Apple and Baicells.
In our view, μ is better to be a reference SCS, which is configured by the network in system information, i.e.,
μ is the highest allowed reference numerology for the given Frequency Range configured by the network.

	Sony
	We support the proposal at this stage.
When down-selecting, we prefer the option 2.

	OPPO
	There is no BWP for feeder link transmission. Since the reference SCS is anyway not aligned with active BWP, therefore there is no need to align feeder link granularity with TA command. With this reason, we support option 2.  

	vivo
	Support the proposal. 




[bookmark: _Toc80303183]Updated proposal based on company views (2nd round of email discussions)

[bookmark: _Toc80303184]Issue#4: The need and the indication of TA margin
The need of TA-margin was discussed since RAN1#103-e meetings and it seems needed depending on requirements for UE-autonomous TA error, PRACH preamble format, common TA error, and common timing drift rate error.
The companies proposals on the need and indication of TA margin are collected in the following table:
	Companies
	Proposals 

	Thales
	Proposal 4: RAN1 to discuss the indication of TA-margin after RAN4 response to the LS on timing synchronization requirements.
Observation 4.	if initial TA does not include a margin for maximum TA estimation error. A bipolar TA command is needed in msg2. i.e support negative TA adjusting in RAR

	CATT
	Proposal 5: TA margin is not needed if the accuracy of ephemeris information in RRC-IDLE mode and RRC-connected mode is same.

	PANASONIC R&D Center Germany
	Proposal 5: Include the TA margin transparently to the UE in the common TA.

	OPPO
	Proposal 1:TA margin is no longer needed to be discussed. 

	CMCC
	Proposal 4: TA margin should be absorbed in common TA configuration, and it should be transparent to the UE.


	Intel Corporation
	Observation 1: 
· Separate configuration for TA margin is not needed since it can be considered within common TA

	Ericsson
	Observation 13	If the common TA includes a margin for maximum estimation error of the UE-specific TA, and the accuracy requirements of the UE-specific TA are appropriately set, the current unipolar TA command in Msg2 is sufficient, i.e., bipolar TA command or extended TA range is not needed in Msg2.

	Apple
	Proposal 4: RAN1 to determine the necessity of specifying TA margin, depending on RAN4’s conclusion. 


	Nokia, Nokia Shanghai Bell
	Proposal 8: There is no need to support a TA margin. Any uncertainty related to TA should be covered by the Common TA value and the CP of the random access preamble.



[bookmark: _Toc80303185]Company views
The discussion on TA margin did not change much from previous meetings. 
In Moderator ‘s view:
· If initial TA does not include a margin for maximum TA estimation error. A bipolar TA command is needed in msg2. i.e support negative TA adjusting in RAR. It is preferable to avoid such specification impact
· TA-margin is needed to account for TA estimation uncertainty when applying the TA pre-compensation in initial access: During the first acquisition of its UE-specific TA, the UE can overestimate the TA. In case of overestimation, the PRACH preamble will be received at gNB side in advance w.r.t. the PRACH occasion leading to unwanted interference with previous slot or PRACH occasion.
W.r.t TA margin indication, two different views were discussed in previous meetings: 
· including TA-margin within the Common TA. i.e.; Common TA configuration absorbs the maximum TA uncertainty. 
· TA-margin indication in the SIB; for at least two main reasons:  In case when the RP is located at satellite, the Common TA will be zero and it may not be necessary to provide the Common TA by gNB. Further, the need of TA_margin is only relevant in case of TA acquisition for PRACH msg1/mgsA transmission.  New value of Common TA acquired by the UE in connected state should not include TA_margin.
The initial proposal is made as follows:
Initial proposal 4: 
· Introduce a TA-margin to account for TA estimation uncertainty when applying the TA pre-compensation in initial access.
· FFS: Whether TA-margin is covered by the Common TA value or explicitly indicated to he UE
· If a TA-margin is not introduced, a bipolar TA command is needed in msg2/msgB. i.e support negative TA adjusting in RAR

Companies are encouraged to provide their comments and views:
	Companies
	Comments and Views

	ZTE
	We are negative on this proposal. In our view, there is no need to define the TA margin according to our previous simulation results. The impacts on the performance is negligible.
Meanwhile, if there is intention to define a “buffer”, which can also be covered by common TA.

	FGI 
	Support with a change. explicitly indicated to “the” UE

	Nokia, Nokia Shanghai Bell
	There is absolutely no reason for introducing a TA margin. It is the responsibility of the UE to acquire accurate information from its GNSS implementation, which can be combined with the satellite ephemeris information delivered from the network to estimate the needed timing offset to apply for the initial access transmissions. As it is under the UE responsibility to ensure that no signals are received by the gNB too early compared to the RACH occasion, there is no need to have bipolar RA commands.

	Xiaomi 
	We are negative on this proposal. In our view, TA-margin can be included by the common TA.

	Panasonic
	It is impossible to decide the introduction of a TA-margin, as long as the DL/UL frame timing offset is unclear.

	Apple
	We do not agree with the proposal. We think the TA margin could be in the overall uplink timing error budget and does not need additional handling of it. 

	Intel
	We share the same view as Xiaomi.

	MediaTek
	To make progress on TA margin, we think RAN1 could first discussed on whether there can be significant issue assuming the UE over pre-compensate the (full) TA. The solution of TA margin or other ways could then be discussed if RAN1 agrees the issue is significant and requires a solution. This may depend on the UE pre-compensation timing error requiremets. Assuming that UE pre-compensation meets the transmit timing error Te, it is not clear whether something is needed to be specified.

	Ericsson
	The proposal is a bit ambiguous. If the first bullet is valid, then the second is not needed. Perhaps they should be listed as two options?

	Samsung
	We think RAN1 does not need to discuss.

	Lenovo/MM
	We prefer TA margin is covered by common TA value and avoid enhancement on TA command.

	QC
	We don’t think a TA margin is needed. Instead, PRACH transmission can target at the center of the CP, i.e., delayed by half CP.

	Huawei, HiSilicon
	We support TA-margin is covered by the common TA value and there is no need to enhance TA command in msg2/msgB. In addition, common TA with TA-margin is smaller than the one without TA-margin, which can also save the signalling overhead.

	LG
	Firstly, it is not desirable to limit the TA-margin to use only in the initial access procedure. Also, as commented by Ericsson, we are not sure the second main bullet is necessary. Moreover, for the FFS part, we can simply modify that the TA-margin is indicated by explicitly or implicitly.

Modified Initial proposal 4: 
· Introduce a TA-margin to account for TA estimation uncertainty when applying the TA pre-compensation. in initial access.
· FFS: Whether TA-margin is indicated by explicitly or implicitly covered by the Common TA value or explicitly indicated to he UE
· If a TA-margin is not introduced, a bipolar TA command is needed in msg2/msgB. i.e support negative TA adjusting in RAR

	vivo
	Not support the proposal. TA margin can be covered by common TA value, and no need to introduce the TA margin. 

	Baicells
	Support to Introduce a TA-margin to account for TA estimation uncertainty when applying the TA pre-compensation in initial access. 
TA-margin is covered by the Common TA value, but note that the NTA will be a biased value in the formula: 

Suggest to discuss its consequence.

	Sony
	Support to introduce TA margin

	CMCC
	Not support the proposal. TA margin can be covered by common TA value, and no need to introduce the TA margin.
Regarding to Moderator’s comments “In case when the RP is located at satellite, the Common TA will be zero and it may not be necessary to provide the Common TA by gNB”, it should be noted that only “ with value of 0 is supported” was agreed instead.



[bookmark: _Toc80303186]Updated proposal based on company views (First round of email discussions)
Based on the expressed views during the first round of email discussions, it seems that many companies share the view that  a TA_margin is not needed. Although we may agree with ZTE’s analysis/simulation results that an over pre-compensation of TA would have an insignificant impact on the performance, what about the TA command in RAR? Can the system support a negative value in case the PRACH preamble is received by the gNB too early compared to the RACH occasion? Basically, in NTN the TAC in RAR will be used to indicate the residual error on TA compensation, if TA margin is not introduced RAN1 shall discuss whether to support negative TA adjusting in RAR.
Based on the above discussion, the Initial  proposal 4 is updated as follows:
Updated Proposal 4: 
Companies are encouraged to discuss whether there is an issue if the UE over pre-compensate its TA:
· Question 1: Is there any impact on the performances if the UE over pre-compensate its TA?
· Question 2: Do you agree that in case the UE over pre-compensates its TA a bipolar TA command is needed in msg2/msgB. i.e support negative TA adjusting in RAR?

Companies are encouraged to provide their answers/comments within the following table:
	Companies
	Comments and Views

	MediaTek
	Q1: We have same view as Qualcomm, where a simple way could be that PRACH transmission can target at the center of the CP, i.e., delayed by half CP. Then, a margin is not necessary.
Q2: We are not clear there is an issue here, depending on answers for Q1. 

	Ericsson
	Q1: Although ZTE’s simulation indicates that there is no impact, it is difficult to draw conclusions from one simulated scenario. The impact may be larger e.g. if the PRACH has a larger power than the interfered channel (near-far scenario) or for a different interfered channel.
Q2: Yes. Time misalignment on the PUSCH/PUCCH should be avoided by adjusting the misalignment on PRACH in msg2/msgB.

	Samsung
	Q1: Similar to QC’s view and reason, TA margin is not necessary.
Q2: Yes.

	Lenovo/MM
	Q1: We agree that there may be performance impact if UE over pre-compensate its TA due to inter-symbol interference. However, there are many mechanisms to address this issue, e.g. covered by common TA, adjusted by UE itself if it estimates there may be possible over pre-compensation, or not targeting the CP starting boundary as commented by QC and MTK.
Q2: We don’t think bipolar TA command in msg2/msgB is necessary.

	Apple
	Q1: The impact can be leveraged.
Q2: We do not think the bipolar TA command is needed. 

	LG
	Q1: Yes. So, we prefer to introduce a TA-margin. In addition, it should be discussed further whether TA-margin is indicated by explicitly or implicitly. 
Q2: Disagree.

	QC
	Q1: TA margin is not necessary
Q2: For the TA in RAR, if PRACH target the center of the CP, the TA command in RAR can be only positive if UE assumes PRACH TA is 0 or signed if UE assume a TA that is half of the CP. 

	CATT
	Q1: If over-estimating the TA, it will cause inter-symbol interference. However, but it depends on the accuracy of the ephemeris information and UE location.  
Q2: Before we have the common sense in which case it will have the over-estimation of TA, we can’t agree any solutions.  

	Huawei, HiSilicon
	Question 1: Yes.
Question 2:  No. TA margin can be considered to ensure that the UE will not over pre-compensates its TA, then bipolar TA command is not needed.

	Panasonic
	These questions can be clarified after the overall TA mechanism has been confirmed.

	Baicells
	Q1: There is impact. But the network may have ability to absorb or avoid some impact.
Q2: Bipolar TA command is needed in case the UE over pre-compensates its TA.

	Nokia, Nokia Shanghai Bell
	Q1: Yes – there is definitely a problem if the UE is transmitting outside the associated RACH opportunity. The UE should implement its GNSS reception and ephemeris reading in a way that it guarantees that the random access preamble is received at the gNB without violating any requirements. We would suggest that RAN1 sends a LS to RAN4 requesting that they take this aspect into account when setting requirements for random access preamble transmissions.
Q2: This question is not relevant, as the case is not relevant. The UE has to follow the requirements for transmission timing. No need to compensate for this.

	ZTE
	Q1: No, based on our previous simulation, with proper setting of requirements, the impacts can be avoided without performance issue. 
Q2: No needed. Any possibility for over-compensation can be avoid by configured common TA value or requirements definition. 

	Xiaomi
	Q1: We have similar view as QC, where a simple way could be that PRACH transmission can target at the center of the CP, i.e., delayed by half CP.
Q2: We don’t think the bipolar TA command in msg2/msgB is necessary.

	OPPO
	Q1: yes
Q2: yes

	vivo
	Q1: Yes.
Q2: Bipolar TA command in msg2/msgB is not needed.


	
[bookmark: _Toc80303187]Updated proposal based on company views (Second round of email discussions)


[bookmark: _Toc80303188]Issue#5:	TA command in RAR
In RAN1#103-e meeting, the following working assumption was made on TA command in RAR
Working assumption:
It is assumed that the requirement on UL time pre-compensation for Msg1/MsgA transmission of an NR NTN UE in idle/inactive mode will be defined such that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
There are some proposals in the contributions submitted to RAN1#106-e to confirm this working assumption:
	Companies
	Proposals

	CATT
	Proposal 6: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.

	Nokia, Nokia Shanghai Bell
	Proposal 9: Confirm the working assumption on non-extension of  TAC 12-bit field in msg2 (or msgB) and that the UE follows the requirements on UL time pre-compensation for Msg1/MsgA transmission as defined by RAN4.



[bookmark: _Toc80303189]Company views
As discussed in some Tdocs, we need to confirm the confirm the working assumption on non-extension of  TAC 12-bit field in msg2 (or msgB).
The following initial proposal is made:
Initial proposal 5: 
Confirm the working assumption on non-extension of  TAC 12-bit field in msg2 (or msgB) and that the UE follows the requirements on UL time pre-compensation for Msg1/MsgA transmission as defined by RAN4.
Companies are encouraged to provide the comments/views in the following table:
	Companies
	Comments and Views

	ZTE
	Postpone the decision.

	FGI
	Support. This will have less spec impact. 

	Nokia, Nokia Shanghai Bell
	We are OK with the proposal.

	Xiaomi 
	Support 

	Panasonic
	We support the working assumption.

	Apple
	This proposal is related to Proposal 4. We can wait the agreements related to Proposal 4 first. 

	MediaTek
	Support

	Ericsson
	Support

	Samsung
	Agree

	Lenovo/MM
	Agree to confirm the working assumption.

	QC
	OK

	Huawei, HiSilicon
	Support 

	LG
	Support

	Spreadtrum
	Support

	vivo
	Support the proposal.

	Fraunhofer 
	Support

	Sony
	Support



[bookmark: _Toc80303190]Updated proposal based on company views (First round of email discussions)
A large majority was supportive of Initial Proposal 5. This proposal was discussed at GTW session held on August 19th. The following agreement was made:

Agreement:
Confirm the working assumption on non-extension of TAC 12-bit field in msg2 (or msgB) and that the UE follows the requirements on UL time pre-compensation for Msg1/MsgA transmission as defined by RAN4.



[bookmark: _Toc80303191]Issue#6 : TA update in RRC_CONNECTED state 
In RAN1 Meeting #104-e and RAN1#104-bis-e the following agreement were made: 
	Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 

Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.

Agreement:
An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
FFS: Operation of closed loop and open loop TA control
Agreement:
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
FFS: Details of the combination of open and closed loop TA control




Issue#6 was discussed during previous RAN1 meetings but without any agreement.  Many issues related to TA maintenance/update in connected mode remain open:
· FFS: Operation of closed loop and open loop TA control:
· FFS: details of NTA update/accumulation
· FFS: details of update
· FFS: details of update
· FFS: Details of the combination of open and closed loop TA control

Details of combination of open and closed-loop TA should be defined in coordination with RAN4. Timing requirements for NR NTN are under discussion is current RAN4 meeting. The discussions were already started at RAN4 Meeting #98-bis-e and continued at RAN4 Meeting #99-e . Remaining FFS and WF on timing requirements for NR NTN from RAN4 #99-e meeting were captured within  R4-2108350.
The following proposals on TA update in RRC-Connected state and the combination of open and closed loop TA control were provided by the different companies:
	Companies
	Proposals

	Thales
	Proposal 5: 
Existing N_TA update in RRC_CONNECTED based on TA Command  field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction without specification change

	Spreadtrum Communications
	Proposal 2: The calculation of UE-specific TA is up to UE implementation.
Proposal 3: Existing NTA update based on TA Command field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction without specification change.

	Sony
	Observation 1: The accuracy of both open and closed loop TAs is impacted by the age of the parameters used in their calculation.
Proposal 1: In setting combination rules, RAN1 should consider the relative age of open versus closed loop TAs.
Proposal 2: RAN1 should consider indicating the time at which a closed loop TA was calculated to the UE.

	Samsung
	Observation 3: Based on the indicated TA variation rate r_TA (and the current TA), the UE can autonomously adjust its TA.
Proposal 4: Each of the following options are supported based on the gNB configuration:
•	Closed-loop TA control
•	Open-loop TA control
•	Combination of open&closed-loop TA control

	CATT
	Proposal 7: On the close-loop and open-TA combination, UE can stop autonomous TA compensation or subtract the accumulated TA compensated by autonomous TA compensation during the gap between two neighboring TAC commands.   

	PANASONIC R&D Center Germany
	Proposal 6: The UE computes the UE specific TA as the sum of the service link delay on UL and DL. In RRC_CONNECTED state, the UE adds it autonomously on the TA command.
Proposal 7: In RRC_CONNECTED mode and after expiration of the TA timer, a UE triggers the random-access procedure based on GNSS-acquired TA similar to RRC_IDLE with the same timing advance equation.

	MediaTek 
	Proposal 3: For closed loop TA update in connected mode, update NTA with  , where TA={0,1,2,…,63} is indicated in MAC CE TA command without any enhancements. 
Observation 4: Inclusion in NTA,UE-specific formula of additional timing in DL between satellite denoted by ds,DL and device and in UL between device and satellite denoted by ds,UL is not necessary. 
Proposal 4: How the UE calculates/update the NTA,common can be postponed discussion until the issue of what common TA parameters are indicated on NTN SIB is concluded.

	OPPO
	

Proposal 2: TA updating by MAC-CE or RAR can have the following relationship NTA_new = NTA_old + adjustment, where for TA updated by MAC-CE, the adjustment is and TA is the TAC indication in the range of [0, 63]; for TA updated by RAR, the adjustment is and the TA is the RAR TAC indication in the range of [0, 3846].

	Qualcomm
	Observation 2: For calculating the TA in RRC_CONNECTED state, always adding the open-loop TA and the closed-loop TA may cause large timing errors due to double correction of timing error caused by UE movement. 
Proposal 2: For TA update in RRC_CONNECTED state, consider the following solutions
· The accumulative closed-loop TA is reset to 0 whenever a new GNSS fix is applied in the calculation of  .
· For calculating ., always uses the last GNSS location before the first TA command is received until the UE enters RRC-Idle/Inactive state or hasn’t received a TA command for X (FFS) seconds. 
· For calculating applies filtering to GNSS locations or slew rate control.


	CMCC
	Proposal 5: For UE-specific TA () determination, the service link delays corresponding to UL and DL signals should both be considered, i.e.,

where  is the corresponding DL service link delay when UE receives the DL signal (e.g., DCI, MAC CE) in UE local time reference, and  is the corresponding UL service link delay of the UL signal to which the UE applies the TA.
Proposal 6: For common TA () determination, the feeder link delays corresponding to UL and DL signals should both be considered, i.e.,

where  is corresponding the DL feeder link delay when UE receives the DL signal (e.g., DCI, MAC CE) in UE local time reference,  is the corresponding UL feeder link delay of the UL signal to which the UE applies the TA, and both  and  are derived from the common TA parameters.
Proposal 7: The legacy MAC CE TA command and the enhanced MAC CE TA command consists of  to be both supported, where,  indicates a delta TA, and indicates a TA drift rate.
Proposal 8: For i-th uplink transmission occasion at  (),  can be determined as

where,
· m is the last received enhanced TA command before .
·  is the m-th accumulated TA command. 
· Note: When UE received the m-th enhanced TA command  at , then it updates the m-th accumulated TA command  as 


	LG Electronics
	Observation 1: It is desirable to set open loop TA control and closed loop TA control as non-conflicting. If not, the conflicts between both TA control methods may occur, and additional UE behaviour might be necessary.
Proposal 4. 
•	At least for the case when the UE is in RRC_IDLE and/or RRC_INACTIVE states, it is reasonable to provide the additional information via semi-static signaling.
•	In case when the UE is in RRC_CONNECTED states, it can be considered that the information is provided by dynamic signaling.
Proposal 7: Define the appropriate TA control method for each TA as follows: 
	Closed loop TA control is applied to common TA (i.e., N_(TA,common))
	Open loop TA control is applied to UE specific TA (i.e., N_(TA,UE-specific))
Proposal 8: Support independent TA update for each TA using independent TA control methods.

	Ericsson
	Observation 1	When calculating the DL service link delay of a signal, ignoring the satellite movement during the signal propagation from satellite to UE will lead to a calculation error of up to 0.25 µs, which corresponds to 5% of the PUCCH/PUSCH CP length for 15 kHz SCS and 43% of the CP length for 120 kHz SCS.
Proposal 5	The closed-loop component of the TA, N_TA, should be defined as in Rel-16.
Proposal 7 	The UE calculates the UE-specific TA (in T_c units) as follows: N_(TA, UE-specific)=d_(s,DL)+d_(s,UL)/T_c  
where d_(s,DL) is the DL service link delay of the signal to which the UE local time reference is synchronized and d_(s,UL) is the UL service link delay of the UL signal to which the UE applies the TA.
Proposal 8	The network broadcasts parameters describing the (one-way) common delay by a polynomial function as follows:
D_common (t)=D_(common,base)+(t-T_(common,base) ) D_(common,drift)+〖(t-T_(common,base))〗^2 D_(common,2nd)
where:
t is the time the signal passes the satellite
T_(common,base) is a reference time of the broadcast common delay that may be implicitly (derived from DL subframe) or explicitly signaled
D_(common, base) is the common one-way delay at time T_(common,base) 
D_(common, drift) is the common one-way delay drift rate
D_(common, 2nd) is the common one-way delay drift rate variation
Proposal 9	The UE determines the common TA (in T_c units) as follows: 
N_(TA, common)=⌊(D_common (t_(sat,DL) )+D_common (t_(sat,UL) ))/(64/2^µ)T_c ⌋(64/2^µ)T_c
where t_(sat,DL) is the time the DL signal to which the UE local time reference is synchronized was relayed by the satellite, and t_(sat,UL) is the time the UL signal to which the UE applies the TA will be relayed by the satellite.


	Apple
	Proposal 3: The network-controlled common TA  is obtained by
,
where is the latest received common TA, is the latest received common TA drift rate (if indicated) and  is the time gap between the latest common TA transmission and the corresponding uplink transmission.
Proposal 5: RAN1 to study whether or not introducing the TA drift rate in TA command MAC CE.

	ZTE
	Proposal 4: In RRC_CONNECTED state, the applied TA can be determined as by assuming the support for the 2nd order of TA drift:

,
where
· 

· 

  is the service link TA at activation time of ephemeris, and  is the variation of service link TA between activation time of ephemeris and UL transmission time, which can be estimated by UE based on GNSS and indicated information.
· 

· 




 is the broadcast common TA,  and  are the first and second order common TA drift rate indicated by BS,  is the interval between activation time of broadcast common TA and DL transmission time of scheduling information, and  is the interval between DL transmission time of scheduling information and UL transmission time.
· 

· 
 is indicated in MAC CE TA command.


	CAICT
	Observation1:  might encounter the issue of being outdated due to large propagation delay in NTN.
Proposal1:  FFS the way of  changing in NTN , which might quite different from the way in TN.
Observation2: The way of updating  should be independent with the parameter  in our view. Otherwise, it will introduce negative impact on the accuracy of TA if  and  interact with each other. 
Proposal 2:  is suggested to be updated through the same way as being calculated for the initial random access, for achieving consistent dependency between  and . 

	Lenovo, Motorola Mobility
	Proposal 2: Study mechanisms to resolve the contradiction between open loop and close loop TA control. The mechanism can be to define a time instance to determine TAC in the MAC CE.

	Nokia, Nokia Shanghai Bell
	Proposal 10: The TAC value definitions for msg2/msgB remain the same as for NR in Rel.16. 
Proposal 11: The update rate that the UE applies for both the UE-specific TA and Common TA should be such that the applied TA fulfilles the RAN4 time synchronization requirements.
Proposal 12: The Common TA should be calculated in a deterministic way and applied at the same time for all UEs.
Proposal 13: For UE in RRC connected mode, in case closed loop TA control is used, open loop TA control should be applied only in a way that does not impact the stability and accuracy as provided by closed loop TA control.



[bookmark: _Toc80303192][bookmark: _Ref72326257]Company views
Regarding the TA update in Connected state and the combination of open and closed-loop TA, diverse views were expressed within the contributions submitted to RAN1#106-e: Companies are encouraged to read each other’s proposals captured in the table above.
[Moderator’s view] : In RRC_Connected state by updating  the NTN UE could autonomously track the RTD variation on both service link and feeder link to keep the residual timing error within a maximum tolerable range. Nevertheless,  it is not needed to disable the close-loop TA adjustment  and MAC CE TAC can still be used. As proposed by [Qualcomm] the accumulative closed-loop TA is reset to 0 whenever a new GNSS fix is applied in the calculation of  . Further, [Moderator] share the same view as highlighted by Ericsson in R1-2108240 and copied hereafter: to accurately calculate the service link delay, it is necessary to take into account that the UL and DL signals are offset in time and therefore subject to different service link delays
	[Ericsson  R1-2108240]:
[bookmark: _Ref71045125]UE-specific TA, 
The purpose of the UE-specific TA is to compensate for the RTT of the service link. The UE-specific TA is autonomously determined by the UE based on GNSS-acquired UE position and serving satellite position from broadcast ephemeris.
As discussed in Section 2, to accurately calculate the service link delay, it is necessary to take into account that the UL and DL signals are offset in time and therefore subject to different service link delays. It is also necessary to take into account when calculating the service link delay that the satellite moves during the transmission across the service link.

where  and  are the DL and UL service link delays derived by the UE, respectively.



Based on the expressed views within the different companies’ contributions the Initial proposal 6 is given hereafter:
Initial Proposal 6:
In RRC_CONNECTED state in NR NTN:
· NTA update based on TA Command  field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction as follows:
· When TAC ( in msg2/msgB is received,  UE receives the first adjustment and  is updated as follows:
 

· FFS: Whether a bipolar TA command is supported in msg2/msgB. i.e support negative TA adjusting in RAR. X will be defined upon resolving the FFS.
· When TACs ( provided within the MAC CE is received,  is updated as follows:


· The accumulative closed-loop TA is reset to 0 whenever a new GNSS fix is applied in the calculation of  .
· NTA,UE-specific is updated autonomously by the UE based on its GNSS acquired position and satellite ephemeris
· The UE calculates the NTA,UE-specific (in Tc units) as follows:


Where  is the DL service link delay of the signal to which the UE local time reference is synchronized and  is the UL service link delay of the UL signal to which the UE applies the TA.

· NTA,common is updated autonomously by the UE based on the parameters acquired from SIB 
· FFS: How the UE calculates/update the NTA,common



Companies are encouraged to provide their comments on initial Proposal 6:
	Companies
	Comments and Views

	ZTE
	Firstly, we are not supportive to explicitly define a formula for UE-specific TA. The calculation of UE-specific TA is just a matter of implementation (e.g., we already agreed that the propagation model used at UE side is up to implementation). To ensure the accuracy, the  can be defined for the time instant when the UL transmission is done.
Then, for the following bullet, it’s not clear to define such restriction at this stage since the GNSS fix related action, e.g., exactly timing for GNSS fix, is unclear now. Meanwhile, the accumulated correction based on the TAC can also cover the correct for feeder link change, then, it’s still applicable with updates of GNSS.
· The accumulative closed-loop TA is reset to 0 whenever a new GNSS fix is applied in the calculation of  .
We are in general fine with others.

	FGI
	Support with a change. Where  is the DL service link delay of the signal to which the UE local time reference is synchronized and  is the UL service link delay derived by the UE, respectively. of the UL signal to which the UE applies the TA.
Note: we prefer no dependency between closed loop TA and open-loop TA. No reset depends on a new GNSS fix.

	Nokia, Nokia Shanghai Bell
	As responded in relation to Issue#4, there is no need for bipolar TA command for msg2/MsgB, so first FFS is not needed.
Preferably, the first part of the proposal is addressing how the indicated value from TAC field(s) is mapped into the value of N_TA to be applied for either initial access or connected mode.
The aspect of resetting the cumulative closed loop TA is breaking the current timing advance paradigm, and would as such not be acceptable for us. For instance, since there is no mandated time for the UE reading the ephemeris information, the gNB would not know when the UE resets the closed loop value that has been communicated to the UE by the network.
There is no need to specify exactly how the UE derives the N_TA,UE-specific. Rather, we should focus on the needed functionality – which, according to our understanding would reflect the situation that the UE need to compensate the experienced propagation delays, such that the UL signals are correctly aligned at the gNB. How the UE estimates this, is indifferent to the gNB.
This initial proposal 6 is in our opinion a bit too complex and may need to be split into minor items that may have a better chance of achieving consensus.

	Xiaomi
	We don’t support to explicitly define a formula for UE-specific TA. The calculation of UE-specific TA is just a matter of implementation. To ensure the accuracy, validity timer for   can be used.

	Panasonic
	We are in general fine with the proposal. However, we think how the obtains the UE-specific TA value can be left for implementation. The performance requirement in RAN4 should specify the accuracy.

	Apple
	Regarding NTA update, 
1. we do not agree the bipolar TA command in msg2/msgB. Actually, this is related to Proposal 4, which has not been agreed. 
2. We are fine with the sub-bullet of resetting accumulative closed-loop TA to 0 when a new GNSS fix is applied. This is to avoid the double count of UE’s positioning error. However, we want to mention the same operation should be applied when UE updates the satellite ephemeris information. 
Regarding NTA,UE-specific update, we need to clarify why we need to define  why not replace it with )? what is the definition of “UE local time reference is synchronized”? Also, we think this may be left for UE implementation. 

	MediaTek
	We share same view as ZTE on second bullet. The accumulated correction based on the TAC can also cover the correct for feeder link change, and also other aspects not related to satellite. Resetting the closed-loop to TA may then add significant TA error back and break the transmit timing error requirements. To our understanding the UE is already specified to limit the amount of TA correction it applies in cellular case. To avoid a jump in TA when the UE determines a new UE-specific TA based on new read of satellite ephemeris, it could apply the delta in new UE-specific TA progressively over several UL transmission to avoid a jump in the TA. This can be left to the UE implementation and possible RAN4 testing.   
· The accumulative closed-loop TA is reset to 0 whenever a new GNSS fix is applied in the calculation of  .
We understand the motivation for the UE-specific TA formula . To our understanding this allows to take into account satellite movement during DL signal propagation from satellite to UE when defining the UE-specific TA. This helps clarify the UE behaviour. We share same view as ZTE that an explicit formula may not be needed. To ensure the accuracy, the N_(TA, UE-specific)   can be defined for the time instant when the UL transmission is done or it could be based on the Epoch time implicitly known as a reference time linked to DL slot where the SIB carrying satellite ephemeris is broadcast, where the reference point for epoch time is satellite as discussed in Section 13.1. It is then up to UE implementation to determine accurately the UE-specific TA (this may be done using the formula)

	Ericsson
	Regarding “The accumulative closed-loop TA is reset to 0 whenever a new GNSS fix is applied in the calculation of  .”, this needs further study.
· The accumulated closed-loop TA may compensate also for other errors than GNSS error, e.g., ephemeris error and common TA error. When resetting closed-loop TA, these compensations are also reset.
Similar considerations may be needed when ephemeris and common delay parameters are re-acquired.

	Samsung
	The first main bullet starting with “NTA update based on TA Command  field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction as follows” seems not needed because it is the same as the current specifications.
For NTA,UE-specific, we are basically okay but the reference timing of d_(s,DL) and d_(s,UL) should be clarified.
For NTA,common, the discussion can be done after the decision of common delay drift rate. 

	Lenovo/MM
	Regarding N_TA, UE-specific, we think it can be determined by the UE position when uplink transmission starts, and satellite position when uplink transmission is received.
Regarding to reset accumulative close-loop TA to 0, we think close-loop TA control is used to correct the error of other TA related parameters as well as the satellite/UE moving. Simply reset it to 0 will clear all these error corrections. Alternatively, to have a common understanding between UE and gNB by defining a reference time used to determine the close loop TA command is more preferred. 

	QC
	Explicit specification of UE specific delay is not needed. It’s up to UE calculation and subject to some accuracy requirements

	Huawei, HiSilicon
	Regarding the following
· The accumulative closed-loop TA is reset to 0 whenever a new GNSS fix is applied in the calculation of  .
The closed-loop TA compensate the error from GNSS, ephemeris and common TA, it is not reasonable to reset it to 0 only based on new GNSS fix as GNSS and SIB reading may not occur at the same time. In addition, UE may also compensate the timing introduced by the change of location in a predictable way according to its velocity to reduce the residual error. We support that the accumulative closed-loop TA is reset to 0 or a non-zero values is based on UE’s implementation.
Regarding the following
· NTA,UE-specific is updated autonomously by the UE based on its GNSS acquired position and satellite ephemeris
· The UE calculates the NTA,UE-specific (in Tc units) as follows:


Where  is the DL service link delay of the signal to which the UE local time reference is synchronized and  is the UL service link delay of the UL signal to which the UE applies the TA.
We support NTA,UE-specific is calculated by UE’s implementation. When the difference of   and  are small and the error is within the requirement and can be compensated by the closed loop TA command, NTA,UE-specific can also be calculated based only  to reduce the UE’s complexity.
We are fine with other bullets.

	LG
	It seems desirable to discuss this issue separately for each TA.
[1] NTA: We prefer not to change existing Rel-15/16 specifications. Also, as commented by Nokia, [X] (i.e., bipolar TA) can be further discuss after Issue #4 is decided. 
[2] NTA, UE-specific: We agree that it can be updated autonomously by the UE based on its GNSS acquired position and satellite ephemeris. But, the detail equations can be left for UE implementation. 
[3] NTA, common: Since the common TA parameters are provided by network, the common TA is updated by network. And, we can further discuss how to update/calculate the common TA after Issue #2 is decided.

	NTT DOCOMO, INC.
	Before defining the condition for “The accumulative closed-loop TA is reset to 0”, we would like to clarify what impairments could be included in the closed-loop TA value. In our understanding, the inaccurate and outdating GNSS information of UE is one of the impairments to be fixed by closed-loop TA control. In addition, the inaccurate and outdating Satellite ephemeris information as well as common TA parameters could also be fixed by closed-loop TA control as shown in Figure 8 of Issue#1. Therefore, the condition for resetting the accumulative closed-loop TA should be dependent with the impairments included in the closed-loop TA control.

	Spreadtrum
	Regarding of the formula to be used for UE-specific TA, it is reasonable to leave it as an UE implementation.

	vivo
	Ok with other parts, except for two comments:
1. No need to specify the calculation formula for NTA,UE-specific, which can be up to UE implementation.
2. GNSS fix timing or valid timer is unclear for the moment. It is premature to specify the related TA behaviour based on GNSS fix timing.

	Sony
	Support the proposal

	CMCC
	· For NTA update, we have the following comments:
· 1) Regarding the sub-bulllet: “The accumulative closed-loop TA is reset to 0 whenever a new GNSS fix is applied in the calculation of  .”, we share the same concern with ZTE that GNSS fix may cannot clear up all the potential error for TA calculation. For example, UE may have systematic positioning error in altitude. The systematic error may be tracked and eliminated by cumulative NTA.
· 2) In addition to the legacy MAC CE TA command, an enhanced MAC CE TA command consists of  is recommended to be optionally supported, where,  indicates a delta TA, and indicates a TA drift rate. As suggested by Thales and Ericsson, closed-loop TA control can be used to reduce the need to re-acquire common delay parameters. For example, Thales (R1-2106556) observed that by applying NTA update every 200ms, the maximum time during which the UE can keep track of the Common delay without having acquired new assistance information is extended to 15 seconds (instead of 9 seconds if only open loop is used) for SCS=120 kHz. Therefore, if enhanced MAC CE TA command is supported, the update frequency and signaling overhead for NTA update may be significantly reduced. Furthermore, the legacy MAC CE TA command and the enhanced MAC CE TA command should be both supported, which one to be used is up to network implementation. For example, when UEs with different SCS simultaneous exist, gNB may send legacy MAC CE TA command to UE with low SCS, and send enhanced MAC CE TA command to UE with high SCS.
· For NTA,UE-specific update, we understand the motivation for the UE-specific TA formula . Nevertheless, it can be up to UE implementation to determine accurately the UE-specific TA (this may be done using the formula).
· For NTA,common update, we are fine with the proposal. More specifically,  is a function of , where  is corresponding the DL feeder link delay when UE receives the DL signal (e.g., DCI, MAC CE) in UE local time reference,  is the corresponding UL feeder link delay of the UL signal to which the UE applies the TA, and both  and  are derived from the common TA parameters.

	OPPO
	1) The accumulative closed-loop TA is not clearly defined. How to calculate this accumulative TA, we need to clearly list the components. 
· NTA,UE-specific update is not needed to be specified. It is up to UE implementation. 

	
	




[bookmark: _Toc80303193]Updated proposal based on company views (First round of email discussions)
On TA maintenance/update, different views were expressed during the first round of email discussion: Companies are encouraged to read each other’s proposals captured in the previous section.
Several companies do not agree to reset to 0 the accumulative closed-loop TA. Also, the majority prefers to not specify NTA,UE-specific  calculation/update, this can be left to implementation.
The updated proposal is the following:
Updated Proposal 6:
In RRC_CONNECTED state in NR NTN:
· NTA update based on TA Command  field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction as follows:
· When TAC ( in msg2/msgB is received,  UE receives the first adjustment and  is updated as follows:
 

· FFS: Whether a bipolar TA command is supported in msg2/msgB. i.e support negative TA adjusting in RAR. X will be defined upon resolving the FFS.
· When TACs ( provided within the MAC CE is received,  is updated as follows:


· NTA,UE-specific is updated autonomously by the UE based on its GNSS acquired position and satellite ephemeris
· How the UE calculates/update NTA,UE-specific  can be left to implementation
· NTA,common is updated autonomously by the UE based on the parameters acquired from SIB 
· FFS: How the UE update the NTA,common

· UE always add the accumulated TA command and UE autonomous TA

Companies are encouraged to provide their comments on Updated Proposal 6:
	Companies
	Comments and Views

	MediaTek
	Support. The FFS in first bullet can be removed, since it is separately discussed in Issue#4


	Ericsson
	1) We do not agree that how to calculate/update NTA,UE-specific  can be left to implementation. There has to be a clear definition of what NTA,UE-specific is to ensure that it corresponds to the delay that the signals have been subject to on the DL and UL of the service link. Then the detailed algorithm/formula can be left to implementation as long as the accuracy is within limits specified by RAN4.
2) We are not sure what the meaning of the sentence “UE always add the accumulated TA command and UE autonomous TA” is. Isn’t this already agreed in the TA formula  ?

	Samsung
	Support

	Lenovo/MM
	We also don’t think that UE specific TA can be up to implementation. The reason is that MAC CE is determined based on uplink signal detection. And there may be a duration(Duration_1) between the uplink signal detection and MAC CE transmission/reception. The gNB may pre-compensate the change of UE-satellite distance in Duration_1. If this is the case, UE may also recalculate the UE-satellite distance upon or after MAC CE reception, and the change of UE-satellite distance in Duration_1 will be counted twice. We understand that the UE can determine when to update UE-satellite distance for accuracy. However, we think there should at least be some assumption to avoid the “counted twice” issue. A possible assumption may be that the UE may assume that the received MAC CE signal is updated based on a latest UL signal and doesn’t take into account the change of UE-satellite distance after the latest UL signal reception.

	Apple
	We prefer to keep FFS on resetting accumulative closed-loop TA when a new GNSS acquired position or a new satellite ephemeris is used in the calculation of  . This may avoid unnecessary TA commands MAC CE at the time when UE acquires   with a new GNSS or satellite ephemeris. 

	Spreadtrum
	Support

	LG
	As we commented above, it seems desirable to discuss this issue separately for each TA.
[1] NTA: We prefer not to change existing Rel-15/16 specifications. Also, [X] (i.e., bipolar TA) can be further discuss after Issue #4 is decided. 
[2] NTA, UE-specific: Agree with updated proposal. In addition, we can further discuss how to trigger to update the UE specific TA, e.g., network-initiated or UE-initiated.
[3] NTA, common: Since the common TA parameters are provided by network, the common TA is updated by network. And, we can further discuss how to update/calculate the common TA after Issue #2 is decided.

	CATT
	There are so many open issues, which are not agreed yet, for example, how many bits used in TAC MAC CE? 
Need to agree something else and then go to this proposal.

	Huawei, HiSilicon
	Support. The last bullet is not needed.

	Panasonic
	Support.

	Intel
	Support the proposal. We prefer Option 1.

	Baicells
	Support. 

	Nokia, Nokia Shanghai Bell
	According to our understanding, it is the UE’s responsibility to ensure that the random access preamble does not arrive before the beginning of the RO. Hence, the first FFS is not needed, since there is no need for bipolar TA command in the RAR. For the NTA,UE-specific, this is heavily biased on the geo-location approach, and needs softening such that it reads “may be updated automonously”. We would like to have a FFS on how the UE addresses its autonomous updates that has happened during a RTT when receiving a TAC.

	ZTE
	We are supportive on this proposal. And for the FFS part, it’s not clear for the behaviour once the UL sync occurs in connected mode and after re-sync.
UE always add the accumulated TA command and UE autonomous TA

	Xiaomi
	Support 

	CMCC
	Support.
For NTA, although we still prefer to enhancement on MAC CE TA command, i.e., indicate both delta TA and TA drift to reduce the update frequency and signaling overhead for legacy NTA update, we can support the proposal for the progress.

	Sony
	We support the proposal.

	OPPO
	We are basically fine with the proposal. The MAC CE TA and TAC are used to update NTA. This is the legacy principle, it is not needed to be changed in NTN. 
We suggest to remove the last three bullets, as they are not relevant to MAC CE TA and TAC. Updating NTA, UE-specific and NTA,common are two separate issues. 



[bookmark: _Toc80303194]Updated proposal based on company views (2nd round of email discussions)
Regarding the combination of Open loop and Closed loop TA , Moderator view is that RAN1 working Assumption would be that the UE always add the accumulated TA command and UE autonomous TA. And we may send an LS to RAN4 to check if there is any concern.
Based on the 2nd round of email discussions, the updated proposal 6 is modified as follows:
Updated Proposal 6:
In RRC_CONNECTED state in NR NTN:
· NTA update based on TA Command  field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction as follows:
· When TAC ( in msg2/msgB is received,  UE receives the first adjustment and  is updated as follows:
 

· When TACs ( provided within the MAC CE is received,  is updated as follows:


· NTA,UE-specific is updated autonomously by the UE based on its GNSS acquired position and satellite ephemeris
· How the UE calculates/update NTA,UE-specific  can be left to implementation
· NTA,common is updated autonomously by the UE based on the parameters acquired from SIB 
· FFS: How the UE update the NTA,common

· UE always add the accumulated TA command and UE autonomous TA


[bookmark: _Toc80303195]Issue#7 : NTN UE Time Alignment Timers
The legacy timeAlignmentTimer is used for closed loop TA update. Similarly specific timers may be needed for open loop TA update. 
This issue was discussed in RAN1#104-bis-e and RAN1#105. The following was proposal was discussed in last meeting but without any agreement; Some companies needed more time to investigate the need of validity timers for satellite ephemeris and Common TA parameters.
	From RAN1 perspective validity timers for satellite ephemeris and common TA are needed to maintain UL
synchronization in NTN:
	A validity timer configured by the network for satellite ephemeris defines the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris. 
	A validity timer configured by the network for Common TA defines the maximum time during which the UE can apply the Common TA without having acquired new Common TA parameters to be used for Common TA calculation.
FFS: Whether only one validity timer is configured for both Common TA and satellite ephemeris information



Regarding the Time Alignment Timers for NTN UE these proposals were submitted to RAN1#106-e:
	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 6: A valid timer should be introduced for common TA tracking.

	Thales
	Proposal 6:
A validity timer configured for UE specific TA defines the maximum time during which the UE can track the RTD on service link without having acquired new ephemeris data to be used for UE specific TA estimation.
· This timer is restarted each time the UE receives new ephemeris data
· The UE assumes that it has lost uplink synchronization if this timer expires and new ephemeris data is not available.
Proposal 7: 
A validity timer configured for Common TA defines the maximum time during which the UE can track the Common RTD without having acquired new assistance information to be used for Common TA estimation.
· This timer is restarted each time the UE receives new assistance information.
· The UE assumes that it has lost uplink synchronization if this timer expires and assistance information is not available.

	vivo
	Proposal 3: Support one validity timer configured for both Common TA and satellite ephemeris information.

	CATT
	Proposal 8: The validity timer for common TA and ephemeris information is not need and UE should read the latest information about common TA and ephemeris information to guarantee synchronization performance.

	PANASONIC R&D Center Germany
	Proposal 8: Wait for progress on the TA procedure before introducing validity timers for satellite ephemeris and common TA to maintain UL synchronization in NTN. Decide early if this issue may better be handled in RAN2.


	MediaTek
	Proposal 5: A single time alignment validity timer is configured by the network defines the maximum time during which the UE can apply the satellite ephemeris and common TA parameters without having acquired new satellite ephemeris or common TA parameters.

	OPPO
	Proposal 5: A timer about the satellite ephemeris is introduced to ensure the accuracy of   and .


	FGI, Asia Pacific Telecom, III, ITRI
	Proposal 5	The Common TA timer is NOT needed if the curve-fitting algorithm is known by UE and NW. UE and NW shall know the valid prediction period when the common TA parameters are received.
Proposal 6	Common TA Timer may be difficult to be configured if the curve-fitting algorithm used at the UE side is unknown by the NW, e.g., UE may estimate gNB’s location when data is sufficient.

	LG Electronics
	Proposal 5. Support separate validity timers for common TA and UE specific TA in Rel-17 NTN.
Proposal 9. Support validity timing window for satellite ephemeris information in Rel-17 NTN.
· Support independent validity timing windows for two different satellite ephemeris formats

	Intel Corporation
	Proposal 3: 
Validity timers for Common TA and satellite ephemeris are discussed in RAN2

	ZTE
	Proposal 5: Indication of valid time for assistance information broadcast from BS, e.g., common TA parameters and ephemeris data, should be supported with tradeoff between accuracy and UE’s complexity for SIB monitoring.
Proposal 8: The valid time length can be broadcast along with assistance information. A coarse signaling granularity can be applied, e.g., a SIB period.
Proposal 9: Validity timers should be defined for assistance information, e.g., common TA parameters and ephemeris data. The timer should be started/restarted when the updated assistance information is activated and the duration should be set according to indicated valid time. Upon expiry of timer, the UL synchronization is assumed to be lost


	NTT DOCOMO, INC.
	Proposal 5: Valid_duration can be indicated to UE, during which UE assumes common TA parameters are valid.

	Xiaomi
	Proposal 4: Validity timers configured for   and  should be introduced.  

	Lenovo, Motorola Mobility
	Proposal 4: Support indication of TA validity timer value in the TA indication signaling

	Nokia, Nokia Shanghai Bell
	Proposal 14: A validity timer configured by the network for both satellite ephemeris data and Common TA defines the maximum time during which the UE can apply the satellite ephemeris and Common TA without having acquired new satellite ephemeris and Common TA parameters.
· This validity timer is restarted each time the UE correctly decodes new satellite ephemeris and Common TA information.
· The UE assumes that it has lost uplink synchronization if the timer expires.
Proposal 15: The UEs are configured so that they can autonomously adjust the value of the validity timer based on a set of parameters.
· The default value of the validity timer is provided by the gBN.
· The UE adjusts its validity timer value based on a set of UE-specific parameters.


[bookmark: _Toc80303196]Company views
On the need of NTN UE Time Alignment Timer(s)  companies are encouraged to read each other’s proposals/views captured in the table above.
From [Moderatos’s perspective]: For  update, the Common TA parameters acquired in the SIB will be valid only during a validity time period which depends on the maximum tolerable error on common TA estimation and Common TA parameters used for Common TA estimation. For UE specific TA update the UE needs to acquire satellite ephemeris and use its own orbit propagator to predict its specific TA during a certain time period without the need of acquiring new ephemeris data. The newly acquired ephemeris data will be valid only  during a period depending on propagator model used by the UE and the maximum tolerable error on the estimation of N_(TA,UE-specific). Therefore, a time alignment validity timer should be introduced and associated to Open-Loop TA control: it is configured by the network and defines the maximum time during which the UE can apply the satellite ephemeris and common TA parameters without having acquired new satellite ephemeris or common TA parameters.
Based on the above, the following  Initial Proposal is made as follows:
Initial Proposal 7:
A validity timer configured by the network for both satellite ephemeris data and Common TA defines the maximum time during which the UE can apply the satellite ephemeris and Common TA without having acquired new satellite ephemeris and new Common TA parameters.
· This validity timer is restarted each time the UE correctly decodes new satellite ephemeris and Common TA information.
· The UE assumes that it has lost uplink synchronization if the timer expires.

Companies are encouraged to provide their comments and views on Initial Proposal 7:
	Companies
	Comments and Views

	ZTE
	We are in general fine with the direction of the main bullet. But for the 1st sub-bullet, there is concern from our side. 
In our view, to reduce the frequency for SIB reading by UE, the valid time of assistance information should be indicated with both valid duration and activation time instant. Therefore, the validity timer should be restarted based on the activation time of updated information instead of when it is decoded since these two time instants may not be the same, e.g., in the case where update period of assistance information is longer than SIB period. 
Then, following updated version is proposed:
Updated Initial Proposal 7:
A validity timer configured by the network for both satellite ephemeris data and Common TA at least defines the maximum time during which the UE can apply the satellite ephemeris and Common TA without having acquired new satellite ephemeris and new Common TA parameters.
· This validity timer is restarted each time the UE correctly decodes new satellite ephemeris and Common TA information.
· The UE assumes that it has lost uplink synchronization if the timer expires.
FFS: the time instant when the validity timer start/restart.

	FGI
	Support with a change. The UE assumes that it has lost uplink synchronization open-loop TA control if the timer expires. 
Note: We prefer no dependence between open-loop and closed loop TA control.

	Nokia, Nokia Shanghai Bell
	Different UE implementations may be able to predict the satellite position as well as the time wise evolution of the common time offset, thereby allowing UEs to operate with different value settings for the validity timer. Hence, the validity timer could potentially be configured by the network on a per-UE basis, or autonomously managed by the UE. From network perspective the main point is that the UE does not attempt to access the network whenever there is no correct understanding of the time for UL transmissions.

	Xiaomi 
	Agree 

	Panasonic
	Support.

	Apple
	We are fine with the proposal in general. Just want to check whether a single validity timer for both satellite ephemeris and common TA, or separate validity timer for satellite ephemeris and common TA. 

	Intel
	If satellite ephemeris and Common TA are broadcasted in SIB then SIB modification procedure is applied if any parameter is changed and the UE is informed about this modification. Thus, it is not clear for us if the validity timer is needed. In our view it is better to discuss this issue in RAN2.

	MediaTek
	The first sentence and second bullet can be agreed. On the first bullet, RAN1 can discuss further trigger for re-starting the validity timer and duration.

	Ericsson
	Agree. It should be added that in RRC_CONNECTED, the UE should re-acquire the ephemeris and common TA parameters before the timer expires.

	Samsung
	Okay.

	Lenovo/MM
	We are generally fine with moderator’s proposal. Another issue we want to mention is that whether different UEs have same or different understanding on the duration of the timer if different UEs detect satellite ephemeris and common TA parameter at different time instances.

	QC
	Agree that a validity duration should be introduced for ephemeris. For common TA, we should wait on the decision if timing drift handling by UE is supported. 
The usage of the validity duration should be FFS. In principle, UE does not have to declare UL synchronization failure. This should be a recommended duration before which UE should read ephemeris. Depending on UE capability, some violation should be possible.

	Huawei, HiSilicon
	Support.

	LG
	Support in principle. But we prefer to support separate validity timers for common TA and satellite ephemeris data.

	NTT DOCOMO, INC.
	We basically support this proposal. Whether one or two valid duration should be defined for satellite ephemeris and common TA parameters can be further studied.

	Spreadtrum
	Support

	vivo
	Support.

	Baicells
	We acknowledge that the UE may lose UL time synchronization if Satellite ephemeris and Common TA are not updated for a long time. Regarding the validity timer, we think that separate validity timers for satellite ephemeris and common TA should be configured.

	Sony
	Support

	OPPO
	Common TA tracking discussion is not finalized. Timer for common TA discussion should be postponed until common TA tracking mechanism is clear. From our understanding the common TA timer can be avoided. 
Timer for ephemeris validity is needed. There may be two options for the UE behaviour. 
Option 1: the UE shall always update the ephemeris before the ephemeris timer expires and then resets the timer. It means that the timer should never be expired. 
Option 2: the UE reads a new ephemeris after the timer expires and the UE assumes the UL sync is lost. 




[bookmark: _Toc80303197]Updated proposal based on company views (First round of email discussions)
Based on the views expressed during the first round of email discussions and discussions via the reflector the Initial Proposal 7 was updated as follows:
Updated Proposal 7:
A validity timer duration configured by the network for both satellite ephemeris data and Common TA at least defines the maximum time during which the UE can apply the satellite ephemeris and Common TA without having acquired new satellite ephemeris and new Common TA parameters.
· FFS: Associated performance requirements and UE behavior if UE has not read the ephemeris within the validity duration
· This validity timer is restarted each time the UE correctly decodes new satellite ephemeris and Common TA information.
·        The UE assumes that it has lost uplink synchronization if the timer expires.
·        FFS: the time instant when the validity timer start/restart.
FFS: Whether the same validity timer can be configured for Common TA

Updated Proposal 7 was discussed during the GTW session held on August 19th  and the following agreement was made:
Agreement:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.



[bookmark: _Toc80303198]Issue#8: Broadcasting the position of a reference point
RAN1 has discussed in RAN1#105-e the possibility to enable the direct broadcast of un-ciphered position of the NTN-Gateway or un-ciphered position of gNB as a potential backup solution for Uplink synchronization in NTN. 
The principles of this UE centric pre-compensation solution is captured in the following observation made by [Ericsson]: If the position of a reference point of the feeder link and the UL and DL carrier frequencies of the feeder link are signalled to the UE, the UE can autonomously determine the time and frequency offset of both the service link and the link between the satellite and the reference point of the feeder link, which would simplify the time and frequency compensation procedures.
At RAN1#105-e an LS on broadcast of NTN GW or gNB position (refer to R1-2106332) was sent to TSG SA WG1, TSG SA WG3 with SA3-LI in Cc. RAN1 identified the following questions that need clarification from SA1 and SA3:
Question 1: Is there any security/regulatory aspect that needs to be taken into account if the NTN-GW/gNB position is broadcasted including any aspects related to accuracy of the position?
Question 2:  Is there any security/regulatory aspect that needs to be taken into account if the NTN-GW/gNB position is possible to be derived by the UE with assistance information from the network including any aspects related to accuracy of the position?
Regarding Issue#8 these proposals were submitted to RAN1#106-e:
	Companies
	Proposals

	Baicells
	Observation 2: If the position of the gNB and a semi-static TA compensated by network can be indicated, UE can calculate TA_common autonomously, eliminating the need for frequent updates, , and make the issue of signaling overhead and aging problem easy to solve.
Proposal 2: The network provides indication about the position of the gNB and the TA compensated by network, and the UE calculate its TA autonomously.
Observation 3:  Even if the distance between the RP and gNB is fixed, the physical position of RP is constantly changing. Therefore broadcasting the physical position is not a good way.
Proposal 3: Broadcast the distance between the reference point and gNB  (or TA compensated by the network)  instead of the position of reference point. 

	CATT
	Proposal 11: Broadcasting the gateway position is not needed.  

	OPPO
	Observation 2: a delay between a virtual RP position and the NTN satellite is a time shifted delay of the one between the actual RP position and the NTN satellite. The delay tracking accuracy using a virtual RP position is better than those using common TA, common TA drift rate and second order derivative. 
Observation 3: network providing a virtual RP position does not cause any security issue as the actual RP position is not disclosed. 
Observation 4: Feeder link delay tracking using a virtual RP position can significantly reduce the signaling overhead. 
Proposal 3: for common TA estimation, support network providing a virtual RP position and a time shift. The UE estimates the common TA based on ephemeris, the virtual RP position and the time shift. 

	CMCC
	Observation 1: Broadcasting the position of a reference point of the feeder link (GW or gNB position) is beneficial to simplify the time compensation procedures and reduce signaling overhead for frequent update of .
Observation 2: For TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy is feasible.
Observation 3: Security issue can be fixed by broadcasting the position of a reference point of the feeder link with certain artificial bias.
Proposal 9: Support broadcasting the position of a reference point of the feeder link with certain artificial bias.

	Ericsson
	Observation 14	If the position of a reference point of the feeder link and the UL and DL carrier frequencies of the feeder link are signaled to the UE, the UE can autonomously determine the time and frequency offset of both the service link and the link between the satellite and the reference point of the feeder link, which would simplify the time and frequency compensation procedures
Proposal 12	Support broadcasting a reference point of the feeder link and UE autonomous determination of the time and frequency offset of both the service link and the link between the satellite and the reference point of the feeder link.


[bookmark: _Toc80303199]Company views
According to [CATT] broadcasting the gateway position is not needed.  
[CMCC, Ericsson, OPPO ] support broadcasting the position of a reference point with certain artificial bias [CMCC] or as virtual RP position arbitrarily located [OPPO].
[Baicells] proposed that the network provides indication about the position of the gNB and the TA compensated by network,
In Moderator’s view, the group needs to wait for the answers to the questions about the security/regulatory aspect that needs to be taken into account if the NTN-GW/gNB position is broadcasted. The following recommendation is made:
FL Recommendation 8: 
RAN1 to discuss Issue#8 after SA1 and SA3 response to the LS on broadcast of NTN GW or gNB position.

Companies are encouraged to provide their comments in the following table:
	Companies
	Comments and Views

	ZTE
	Agree

	FGI
	Support. Reasonable.

	Nokia, Nokia Shanghai Bell
	OK to wait for response.

	Xiaomi 
	Agree 

	Panasonic
	OK

	Apple
	We agree with FL recommendation. 

	MediaTek
	Agree

	Ericsson
	OK

	Samsung
	Okay

	Lenovo/MM
	We are fine with moderator’s proposal and we still think broadcasting reference point leads to security issue.

	Huawei
	Agree

	LG
	Support

	NTT DOCOMO, INC.
	Support.

	Spreadtrum
	Support

	vivo
	OK

	Baicells
	Support.

	Sony
	Agree

	CMCC
	Agree



[bookmark: _Toc80303200]Updated proposal based on company views (First round of email discussions)
Based on the views expressed during the first round of email discussions, the FL recommendation on Issue#8 is the following: 
FL Recommendation 8: 
RAN1 to discuss Issue#8 after SA1 and SA3 response to the LS on broadcast of NTN GW or gNB position.

[bookmark: _Toc80303201]Issue#9: Indication of common frequency pre-compensation offset on DL service link
In RAN1#104-e, the following conclusion was made:
	Conclusion:
If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
•	FFS: support of DL frequency compensation for the service link Doppler.



Regarding the FFS in the conclusion above, as already discussed in [TR38.821] It was observed via simulations that for DL initial synchronization, robust performance can be provided by the SSB design in Rel-15 in case of GEO and LEO with beam specific pre-compensation of common frequency shift :
	[bookmark: _Toc69116329][bookmark: _Toc80303202][bookmark: _Toc26620959][bookmark: _Toc30079771][TR38.821] :
[bookmark: _Toc80303203]6.3.2	DL synchronization
According to the simulation assumptions in Table 6.1.2-1, the performance evaluation on the DL synchronization performance is conducted. The corresponding results from [43], [44], [45], [46], [47] are summarized in [48]. It is observed that for DL initial synchronization, robust performance can be provided by the SSB design in Rel-15 in case of GEO and LEO with beam specific pre-compensation of common frequency shift, e.g., conducted with respect to the spot beam center at network side, respectively. 
However, for the LEO without pre-compensation of the frequency offset, additional complexity is needed at UE receiver to achieve robust DL initial synchronization performance based on Rel-15 SSB. No further enhancement on the SSB is needed.
Additionally, w.r.t the performance on the DL timing/frequency tracking, no issues have been identified based on Rel-15/16 NR design. Potential optimization can be further considered in potential normative phase if necessary.



This issue was discussed in RAN1#104-bis-e and RAN1#105-e the detail on signalling is still remained to be discussed.
Several companies shared the view that a common signalling for both earth-fixed and earth-moving cells is preferred. 
It means that for both earth-fixed and earth-moving cells the amount of frequency that has been pre-compensated in DL, relative to the nominal DL Tx frequency, shall be indicated to the UE.

The most challenging case is the Earth-fixed cell: In this case if DL frequency compensation for the service link Doppler is applied, gNB needs to periodically update and broadcast the DL pre-compensated frequency offset (FO). This pre-compensated  FO is time-varying in case of Earth fixed cell.

The pre-compensated  FO will be used by the UE to perform its own estimation of the residual Doppler experienced on the DL. The UE needs to know this residual Doppler to be able to generate  UL frequency carrier for its uplink transmission. Any residual error will lead to a UE transmit frequency error twice in the uplink.

Therefore, the UE shall acquire the broadcast pre-compensated  Frequency offset (FO) and performs .e.g a first order approximation to self-calculate the pre-compensated  FO. Hence, the network needs to also indicate the drift rate of common pre-compensated FO. The error on self-calculated pre-compensated FO should be within a specified threshold .e.g 10% 0,1 ppm, that is 0.01 ppm.

As a consequence, If DL frequency compensation for the service link Doppler is supported, in case of Earth-fixed cell, the UE needs to frequently acquire the SIB to retrieve common pre-compensated FO parameters. every 2.3 seconds Based on simulation [2].

Therefore, in case of Earth fixed cell 3 Way-forwards could be envisaged:

WF 1:  Indicate the beam-specific ECEF co-ordinates of a fixed Reference Point w.r.t the common Doppler shift experienced on the DL service link is pre-compensated by the gNB. The UE will assume that the pre-compensation changes continuously with time. Thereby,  the gNB DL frequency needs to be periodically updated so that the deviation between the UE self-calculated DL pre-compensation (based on indicated beam-specific ECEF co-ordinates and Satellite ephemeris) and actual pre-compensation remains within a defined threshold e.g. 10% of 0.1PPM.

WF2: Similar to Earth moving cell, the amount of frequency that has been pre-compensated in DL, relative to the nominal DL Tx frequency, shall be indicated to the UE. But in this case as mentioned above, the UE needs to frequently acquire the SIB to retrieve common pre-compensated FO parameters. every 2.3 seconds. Which make this is WF questionable.

In all case, RAN1 to consider also indication to UE regarding frequency pre-compensation performed at neighbouring cells/beams.

Bases on the above another possible WF:

WF 3:  based on the following observation made in [R1-1909479] and recalled hereafter:
Observation 1: For the DL synchronization in NTN: 
· SSB design in Rel-15 can provide the robust performance (i.e., synchronization) in following cases
· GEO
· With pre-compensation for LEO 
· Note: The above observation can be revised if proved by other results
· FFS: Without pre-compensation for LEO
· With consideration on, e.g., latency, complexity for SSB detection
A possible way forward is to deprioritize support of DL frequency compensation for the service link Doppler in Release 17. 
In previous meeting the following FL recommendation was made:
	Companies are encouraged to study the pro and cons of support of  Common DL frequency compensation for the service link Doppler. By taking into account the impact on the UE, gNB and the signalling overhead especially in case of  the Earth fixed cell.
· Is support of  Common DL frequency compensation for the service link Doppler beneficial and needed?
· Companies are encouraged to provide simulations on the benefits of support of  Common DL frequency compensation for the service link Doppler:
Note: the performance evaluation on the DL synchronization performance is conducted during the SI. The corresponding results are summarized in [R1-1909479]. But it seems that they do not clearly show the necessity  of support of  Common DL frequency compensation for the service link Doppler
· What would be the reasonable Way forward?
· WF1: Similar to Earth moving cell, the amount of frequency that has been pre-compensated in DL, relative to the nominal DL Tx frequency, shall be indicated to the UE. 

Note: In this case , the UE needs to frequently acquire the SIB to retrieve common pre-compensated FO parameters. every 2.3 seconds. Which make this is WF questionable.

· WF 2:  Indicate the beam-specific ECEF co-ordinates of a fixed Reference Point w.r.t the common Doppler shift experienced on the DL service link is pre-compensated by the gNB. 

Note: The UE will assume that the pre-compensation changes continuously with time. Thereby,  the gNB DL frequency needs to be periodically updated so that the deviation between the UE self-calculated DL pre-compensation (based on indicated beam-specific ECEF co-ordinates and Satellite ephemeris) and actual pre-compensation remains within a defined threshold e.g. 10% of 0.1PPM.

WF3: deprioritize support of DL frequency compensation for the service link Doppler in Release 17.





Companies proposals regarding Issue#9 are collected in the following table:

	Companies
	Proposals

	Huawei, HiSilicon
	Observation 7: With the information of frequency pre-compensation on DL, the frequency offset at the gNB of UL reception will be minimized.
Observation 8: DL detection complexity can be largely reduced with DL frequency pre-compensation.
Proposal 7: The indicate DL frequency pre-compensation is normalized to a predefined subcarrier spacing.

	Thales
	Observation 5.	If DL frequency compensation for the service link Doppler is supported, in case of Earth-fixed cell, the UE needs to frequently acquire the SIB to retrieve common pre-compensated FO parameters.
Observation 6.	At least 19 bits are needed to indicate the amount of frequency compensation and associated drift rate.
Proposal 8  Deprioritize support of DL frequency compensation for the service link Doppler in Release 17.

	vivo
	Proposal 4: Support common DL frequency compensation for the service link doppler, considering the following aspects.
· For earth-moving cells, indicate DL common frequency pre-compensation offset to UE.
· For earth-fixed cells, indicate the beam-specific ECEF co-ordinates of a fixed reference point to UE.

	Spreadtrum Communications
	Proposal 4: The amount of frequency that has been pre-compensated in DL, relative to the nominal DL Tx frequency, shall be indicated to the UE. 

	Samsung
	Proposal 8: The gNB can jointly signal common TA drift rate and Doppler shift such as the UE derives Doppler shift from common TA drift rate signaled by gNB or vice versa.

	CATT
	Proposal 9：Support the indication of common frequency pre-compensation with Khz granularity. For earth fixed beam, the value can be zero.

	PANASONIC R&D Center Germany
	Proposal 9: Support the indication of the frequency offset that the UE shall apply for uplink transmissions at least for Earth moving cells. The offset is up to the network implementation and can comprise both DL pre-compensation and UL post-compensation at the network. 
· FFS for Earth fixed cell

	MediaTek Inc.
	Observation 5: Optimization of frequency tracking with AFC algorithm is an essential functionality for NR NTN implementation and would necessitate knowledge of DL common Doppler shift pre-compensation as early as possible during initial synchronization.

Observation 6: DL common Doppler shift pre-compensation is only useful for fc<3GHz DL where it helps reduce the Cell Search range to be within half the raster spacing. For other Frequency ranges, it is not needed. 

Proposal 6: DL common Doppler shift pre-compensation is indicated in MIB if applied.

Observation 7: The UE can determine accurately the DL ARFCN by using its GNSS-acquired location and satellite ephemeris to calculate the Doppler Frequency Shift (DFS) corresponding to the satellite Doppler shift and subtracting it from the DL carrier frequency it synchronized to during initial access.

Observation 8: There are significant benefits in WF3 approach:
· High update rate of DL common frequency parameters NTN SIB by UE is not needed.
· Doppler Frequency shift discontinuity when switching the beam is avoided if DL common frequency compensation is not applied, which greatly simplifies AFC implementation for frequency tracking, cell search and cell measurement.

Proposal 7: DL frequency compensation for the service link Doppler is not supported.

	OPPO
	Proposal 6: DL frequency compensation for the service link Doppler is supported.

	FGI, Asia Pacific Telecom, III, ITRI
	Proposal 7 	Deprioritize support of DL frequency compensation for the service link Doppler and send an LS to RAN4 to support a new channel raster with a step size increased to be greater than 100 kHz.
Proposal 8	 If DL frequency compensation cannot be supported, RAN1 shall ensure the UL frequency error at the gNB side is within ±0.1 PPM observed for 1ms, according to an LS from RAN4.

	Intel Corporation
	Proposal 2: 
· Support DL frequency pre-compensation for the service link Doppler
· Indication of the applied frequency pre-compensation value is not needed for UL synchronization
· Study the impact of pre-compensation on Handover and RRM

	Ericsson
	Proposal 11	Deprioritize support of Common DL frequency compensation for the service link Doppler shift.

	Apple
	Proposal 6: In downlink transmissions, support gNB pre-compensates and indicates a frequency offset for the service link Doppler shift with respect to a reference point.

	ZTE
	Proposal 11: The indication of a single frequency offset is sufficient to address issues for both DL and UL.
Proposal 12: To enabling the UL synchronization for frequency, network should periodically broadcast the amount of frequency compensation in a 12 bit field when DL pre-compensation frequency offset and UL post-compensation frequency offset on service link can be different.

	Xiaomi
	Proposal 5: Pre-compensation value for DL frequency should be indicated by network.

	Nokia, Nokia Shanghai Bell
	Observation 11: For earth-moving cells the common frequency offset caused by Doppler shift on the service link as observed at a reference location in the cell is constant over time.
Observation 12: For earth-fixed cells the common frequency offset caused by Doppler shift on the service link as observed at a reference location in the cell changes with time.
Proposal 16: In the downlink a common frequency offset on service link is pre-compensated to limit the UE search space for the synchronization signals.
Proposal 17: The amount of common frequency pre-compensation in downlink in a cell shall be indicated to the UE and thereby be used for determining the amount of uplink frequency pre-compensation. 
Proposal 18: A common signaling should be used to indicate the amount of applied frequency pre-compensation in downlink for both earth-moving and earth-fixed cells. 
Proposal 19: Common signaling for indicating frequency pre-compensation should be provided as part of SIB.



[bookmark: _Toc80303204]Companies views
[Huawei, HiSilicon, Spreadtrum Communications, Samsung, OPPO, Intel Corporation, Apple,  Xiaomi, Nokia, Nokia Shanghai Bell] support the indication of common frequency pre-compensation offset on DL service link
[vivo, CATT, PANASONIC R&D Center Germany ] support the indication of common frequency pre-compensation offset on DL service link at least in case of Earth-moving cell.
Companies proposed to deprioritize support of DL common frequency compensation for the service link Doppler: [Thales, MediaTek Inc., Ericsson]
[FGI, Asia Pacific Telecom, III, ITRI] proposed to deprioritize support of DL frequency compensation for the service link Doppler and send an LS to RAN4 to support a new channel raster with a step size increased to be greater than 100 kHz.
From Moderator’s point of view: In case of Earth-fixed cell, common Frequency pre-compensation on DL service link is a significant challenge to the UE and the gNB: 
· With WF 1: the UE needs to frequently acquire the SIB to retrieve common pre-compensated FO parameters. every 2 seconds or so.
· With WF 2: the gNB DL frequency needs to be periodically updated so that the deviation between the UE self-calculated DL pre-compensation (based on indicated beam-specific ECEF co-ordinates and Satellite ephemeris) and actual pre-compensation remains within a defined threshold e.g. 10% of 0.1PPM.
Further, the SI concluded that DL synchronization is possible without DL pre-compensation. Therefore, it seems reasonable to deprioritize support of DL common frequency compensation for the service link Doppler in current Release.
There are significant benefits in WF3 approach as observed by [MediaTek]:
•	High update rate of DL common frequency parameters NTN SIB by UE is not needed.
•	Doppler Frequency shift discontinuity when switching the beam is avoided if DL common frequency compensation is not applied, which greatly simplifies AFC implementation for frequency tracking, cell search and cell measurement.
Based on the above discussion, the Initial Proposal 9 is made as follows:

Initial Proposal 9:
Companies are encouraged to align understanding on the complexity introduced if  DL common frequency pre-compensation is supported:
· In case of Earth-fixed cell:
Question-1: If DL frequency compensation for the service link Doppler is supported, how often the UE needs to acquire the SIB to retrieve common pre-compensated FO parameters?
Question-2: How many bits are needed to indicate the amount of frequency compensation and associated drift rate?

Companies are encouraged to provide their comments and views in the following table:
	Companies
	Comments and Views

	ZTE
	For this topic, the main part is whether to indicate the common DL frequency compensation value, and such issue is also related to the discussion for UL pre-compensation.  With consideration on the discussion for UL below, we prefer to take same conclusion as UL, e.g., 
Conclusion:
Indication of common DL frequency compensation is not supported in NTN Release.17
More specifically:
Q1: The frequency for the acquisition of such information is also related to the scenario including beam configuration and potential frequency for beam switching. For example, if the multiple same beams are considered for each satellite cell, the frequency for such indication will be higher.
Q2: The value range also depends on the factors mentioned in Q1 and high granularity is preferred. Otherwise, the benefits for such indication to adjust the DL frequency track is negligible.

	FGI
	Deprioritize. However, WF1 (Indicate the beam specific ECEF co-ordinates of a fixed Reference Point) seems no effort at the UE side. Q-1’s answer may be one time for ECEF co-ordinates. Q-2’s answer may be 30 bits if Latitude and Longitude are provided. Also, RAN2 has agreed to provide the fixed Reference Point as the cell centre for CHO in case of Earth-fixed cell.

	Nokia, Nokia Shanghai Bell
	According to our understanding, a NR beam switch or a radio beam switch within the same serving satellite will not cause any change or  substantial shift in the observed Doppler. For the earth fixed cell, the UE would be served by the same beam until a handover to a new satellite is needed – where the UE would anyway need to obtain new synchronization. We do not see any substantial arguments to exclude the common DL frequency compensation such that it is easier for UEs to obtain and maintain frequency synchronization for network deployments with earth moving cells.

	Xiaomi
	Whether DL common frequency pre-compensation is supported should be discussed firstly.  

	Panasonic
	The main issue here is the indication of the common frequency pre-compensation offset on the DL service link and the implications. 
Q1: The FL summary asserts that, in case of an Earth-fixed cell, the UE needs to frequently acquire the SIB to retrieve common pre-compensated FO parameters. every 2.3 seconds. The particular number 2.3 seconds is taken from R1-2106556 [2] and it is based on an error threshold set to +/- 0.01 ppm. It would be helpful to understand why this particular error margin was chosen? From the provided figures it seems that the update period can be much increased if the error threshold is chosen less stringent, e.g., at +/-0.02ppm (20%) 
Q2: It seems that the frequency compensation requires a similar modelling like the common TA, i.e., a series approximation. Before discussing bit allocation, the details of the modelling should be clarified.

	Apple
	Question 1: UE does not need to acquire the common pre-compensated FO parameters very frequent if the GNSS location of the reference point is indicated in earth-fixed cell
Question 2: the GNSS location of the reference point is used, with the granularity for further study. 

	Intel
	In order to handle time-varying Doppler for earth-fixed beam case solution with reference point indication is preferred. Also, indication of derivatives as for Common TA can be used.
Those features are specific to scenario with time varying Doppler which is more complex for this issue. We propose to discuss simpler scenario with earth-moving beams first. 

	MediaTek
	Generally, we think RAN1 can conclude indication of common DL frequency compensation is not supported in NTN Release.17. This avoids issue of Doppler shift discontinuity when the beam is switched with high impact on AFC convergence algorithm and increased complexity for cell search and RRM measurements. The need for it is unclear. The UE can synchronize on the DL with larger frequency offset even at frequencies < 3 GHz. The issue could be that at low frequencies the UE may not know what the absolute value of ARFCN is if it synchronized in the neighbour channel raster grid. Solutions could be discussed in this case. 
Question 1: In case of Earth-fixed cell, the UE will need to read the common pre-compensated FO parameters several times per second assuming frequency drift rate can be 540 Hz/s and GNSS location of the fixed reference point is not indicated. RAN1 should first discuss if such indication of fixed reference point is feasible by satellite system. 
Question 2: The accuracy / number of bits could be postponed until Question 1 is answered.

	Ericsson
	We think Thales’ analysis is right that UE needs to acquire SIB very frequently and that 19 bits may be needed.
The reduced UE complexity of DL initial synchronization from DL frequency pre-compensation does not outweigh the additional UE complexity in RRC_CONNECTED of frequently reading SIB and adjusting the UL frequency pre-compensation accordingly, of AFC having to handle discontinuities in the received DL frequency, etc. Therefore, we propose that DL frequency pre-compensation is not supported.

	Samsung
	We think, for Q1/Q2, this frequency offset compensation can be done similarly to common TA compensation.

	Lenovo/MM
	We prefer to indicate a beam-specific coordinate position to indicate frequency pre-compensation. We also think that both gNB and UE assume frequency pre-compensation based on the satellite position and beam-specific coordinate, so the remaining error is only the differential distance within a beam coverage area. And there is no necessity on frequent signaling overhead from gNB to update the frequency pre-compensation to within a threshold.

	QC
	DL common frequency compensation is to reduce the frequency hypotheses tests during initial SSB search. As a result, the granularity should be the subcarrier spacing of the SSB

	Huawei, HiSilicon
	Question-1: If DL frequency compensation for the service link Doppler is indicated directly in the system information, the frequency of SIB acquisition can be as same as common TA and ephemeris acquisition. Then there is no additional complexity at the UE side. As an alternative resolution, broadcasting a reference point can also reduce the frequency of SIB acquisition.
Question-2: The max Doppler for LEO at 600 km altitude is +/- 720 kHz with 30GHz frequency. When indicated frequency compensation is normalized to CSC,4bit is needed for indication. And as the max Doppler shift variation is -8.16 kHz/s, the indicated frequency compensation can be updated with more than 10 seconds.

	OPPO
	For earth fixed cell, the network may inform a reference position referring to which the network performs DL Doppler pre-compensation. The position is beam specific and no need for frequent updating. 




[bookmark: _Toc80303205]Updated proposal based on company views (First round of email discussions)
As per the answers provided by companies to the questions regarding the complexity introduced if  DL common frequency pre-compensation is supported, and based on the discussions during first round of  email discussions and the inputs provided within companies contributions, it seems that this feature is not essential for the system to operate and with consideration on the limited remaining TUs the Moderator holds the view to deprioritize this feature in Release.17
Proposal 9 is updated as follows:
Updated Proposal 9:
Deprioritize support of Common DL frequency compensation for the service link Doppler shift.

Companies are encouraged to provide their comments on Updated Proposal 9:
	Companies
	Comments and Views

	MediaTek
	Support

	Ericsson
	Support

	Lenovo/MM
	Support.

	Apple
	We do not support the proposal. The gNB pre-compensation of service link Doppler shift is beneficial for UE reception. The indication of the common DL frequency compensation for service link Doppler shift is beneficial.  

	CATT
	Not support. Indicating the frequency compensation for DL is beneficial. Otherwise, UE has to assume no compensation is used in TX side, so the channel raster for initial synchronization will be larger.

	Huawei, HiSilicon
	No. According to our comment is the first round discussion. The complexity of introducing common DL frequency compensation can be small and the benefits of reducing UE complexity is clear.

	Panasonic
	Support.

	Intel
	This proposal is not needed, in our view aspects related to Common Doppler shift on Feeder link are important.

	Baicells
	Support

	Nokia, Nokia Shanghai Bell
	Provided that this will ensure and guarantee that UEs will have the capability to synchronize to all cells, no matter the deployment scenario, and that a LS is sent to RAN4 to inquire about the feasibility to adapt the channel raster to the much enlarged space search, we are OK with the proposal.

	ZTE
	Support

	Xiaomi 
	We are negative on this proposal.  We think supporting  common DL frequency compensation for the service link Doppler shift is beneficial.

	CMCC
	Support

	vivo
	Support





[bookmark: _Toc80303206]Updated proposal based on company views (2nd round of email discussions)


[bookmark: _Toc80303207]Issue#10: Indication of common compensation frequency offset for Uplink
The necessity of network indication of common frequency offset on UL was discussed during last RAN1 meetings. But it not clear to many companies because: It should be further discussed whether the post compensation is for the access link or feeder link:
-If the post compensation is for the feeder link. According to the conclusion made in RAN#105-e on Doppler shift over the feeder link and any transponder frequency error, there is no need for network indication of common frequency offset on UL.

-If the compensation is for the service link: It was recommended to use UL frequency compensation indication during release-16 NR NTN study Item under the assumption that a UE without GNSS capability cannot estimate residual Doppler. With GNSS capability, there is no need for UL frequency compensation indication if the UE pre-compensation of Doppler is done with sufficient accuracy.

The companies proposals on this issue submitted to RAN1#106-e are collected in the following table:
	Companies
	proposals

	Spreadtrum Communications
	Proposal 5: Indication of common post-compensation frequency offset for Uplink is not needed.

	Samsung
	Proposal 9: The gNB indicates the additional UL frequency offset value.

	CATT
	Proposal 10: UE is expected to perform total UL Doppler pre-compensation.  

	CMCC
	Proposal 10: Indication of common post-compensation frequency offset for Uplink is not needed.

	Apple
	Proposal 7: UE only pre-compensates its estimated Doppler shift on the service link in its uplink transmissions, and additional network indication of frequency offset to be pre-compensated by UE is not supported.

	ZTE
	Proposal 11: The indication of a single frequency offset is sufficient to address issues for both DL and UL.

	Xiaomi
	Proposal 6: The residual offset value of UL frequency at the reference point should be indicated by network.

	Nokia, Nokia Shanghai Bell
	Observation 14: Indication of common frequency offset on the service link for UL frequency alignment is beneficial  for UEs in case of GNSS loss or inavailability.
Proposal 21: Study whether indication of common frequency offset on the service link should be enabled for UE frequency alignment in UL in case of GNSS loss.



[bookmark: _Toc80303208]Companies views
Within the contributions to RAN1#106-e some companies proposed that the Network indicates an additional UL frequency offset value. From Moderator’s perspective, according to the conclusion made in RAN#105-e, the Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17. Therefore, there is no need to introduce extra indication of frequency compensation for UL.
Based on the above the Initial proposal is made as follows:
Initial Proposal 10:
Conclusion:
Indication of common post-compensation frequency offset for Uplink is not needed
Companies are invited to provide their comments/views in the following table:
	Companies
	Comments and Views

	ZTE
	With consideration on the limited time, we are fine to take this conclusion.

	FGI
	Support.

	Nokia, Nokia Shanghai Bell
	If gNB provides a Doppler compensation offset for the DL transmissions in case of earth fixed cells, the UE would need to know the amount that was applied to be able to estimate its own frequency carrier offset in order to be able to compensate correctly also for the UL transmissions (to compensate for offsets experienced in the service link). Hence we find that indication of a frequency offset (either for the downlink or for the uplink) is needed. No need to denote it “post compensation”.

	Xiaomi 
	Closed loop frequency offset control can improve frequency synchronization precision. We think indication of common post-compensation frequency offset for Uplink is needed.

	Panasonic
	Support.

	Apple
	Agree

	Intel
	Agree

	MediaTek
	Agree

	Ericsson
	Agree.

	Samsung
	Similar to TA loop, the indication of frequency offset indication is needed to modify the error of the frequency offset of UL signal from a given UE. This is to do fine tuning of frequency synchronization.

	Lenovo/MM
	Agree with moderator’s view.

	QC
	Agree

	Huawei, HiSilicon
	Support. 

	LG
	Agree

	Spreadtrum
	Support

	vivo
	Support

	Baicells
	Agree

	CMCC
	Agree

	OPPO
	fine







[bookmark: _Toc80303209]Updated proposal based on company views (First round of email discussions)
A large majority was supportive of Initial Proposal 10. This proposal was discussed during the GTW session held on August 19th. The following conclusion was made:

Conclusion:
Indication of common post-compensation frequency offset for Uplink is not needed.



[bookmark: _Toc80303210]Issue#11: Close control loop for UL frequency alignment
It was recommended to use UL frequency compensation indication during release-16 NR NTN study Item under the assumption that a UE without GNSS capability cannot estimate residual Doppler. With GNSS capability, there is no need for UL frequency compensation indication if the UE pre-compensation of Doppler is done with sufficient accuracy.
	[bookmark: _Toc69116339][bookmark: _Toc80303211][TR38.821] :
For the UL frequency compensation, at least for LEO system, the following solutions are identified with consideration on the beam specific post-compensation of common frequency offset at the network side:
●	Option-1: Both the estimation and pre-compensation of UE-specific frequency offset are conducted at the UE side. The acquisition of this value can be done by utilizing DL reference signals, UE location and satellite ephemeris.
●	Option-2: The required frequency offset for UL frequency compensation at least in LEO systems is indicated by the network to UE. The acquisition on this value can be done at the network side with detection of UL signals, e.g., preamble



In RAN1#103e, it was agreed to adopt Option-1 discussed in [TR38.821]:
	Agreement:
An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.



Since RAN1#104-e, this issue was discussed and some companies want to consider option-2 in [TR38.821] based on a closed loop uplink frequency control.
However, several companies do not see the need for UL frequency control loop. The Moderator recommended for companies willing to support UL frequency control loop should provide more details on the benefits of such mechanism. And the following recommendation was made after the first round of email discussions:
	FL recommendation : RAN1 to further investigate the needs and benefits to support closed-loop UL frequency compensation for GNNS equipped NR NTN UE



Closed-loop frequency control was discussed within 4contributions submitted to RAN1#106-e:
	Companies
	proposals

	Huawei, HiSilicon
	Proposal 8: For GNSS UE, closed-loop UL frequency compensation is not needed.

	Spreadtrum Communications
	Proposal 6: Close control loop for UL frequency alignment is not needed.

	Baicells
	Proposal 5: At least, support UL frequency compensation by UE with GNSS based on DL reference signal, UE position and satellite ephemeris. Benefits to support closed-loop UL frequency compensation need further study.

	Qualcomm Incorporated
	Proposal 3: Support closed-loop frequency control commands by MAC-CE.

	Nokia, Nokia Shanghai Bell
	Proposal 22: Study whether UE-specific closed-loop control for RRC connected mode should be enabled for UE frequency alignment in UL in case of GNSS loss.
Observation 15: UE-specific closed-loop control for RRC connected mode may ensure UE frequency alignment for UL transmission in case of UE GNSS loss.


[bookmark: _Toc80303212]Companies views
Few companies provided inputs to RAN1#106e on the support of Closed control loop.
Closed-loop UL frequency compensation is not needed according to [Huawei, Spreadtrum Communications]
According to [Qualcomm]  there will be scenarios where CL UL frequency control would be needed due to UE movement and infrequent GNSS reading. Therefore, [Qualcomm] prosed to support closed-loop frequency control commands by MAC-CE and to consider group-common DCI for UL time and frequency control.
[Nokia] proposed to further study whether closed-loop control for UEs in RRC connected mode should be enabled for UE frequency alignment in UL in case of GNSS loss.
According [Baicells] benefits to support closed-loop UL frequency compensation need further study.
In  Moderator’s view with GNSS capability, there is no need for closed control loop as long as the UE pre-compensation of Doppler shift is done with sufficient accuracy.
Based on the above, the following proposal is made as follows:
Initial Proposal 11
Conclusion:
Closed-loop UL frequency compensation is not supported in NTN Release.17

Companies are invited to provide their comments in the following table:
	Companies
	Comments and Views

	ZTE
	With consideration on the limited TU, we are supportive to this conclusion. The frequency compensation related action can be done in transparent way.

	FGI
	Support

	Nokia, Nokia Shanghai Bell
	For this conclusion to be acceptable, we would need to have agreements on the UE behaviour for cases where the UE cannot maintain the needed accuracy (in case of loss of GNSS). Should the UE be allowed to “pollute” the spectrum with non-adjusted signals, or should the UE be prohibited from operating?

	Xiaomi 
	We are negative on this proposal. Closed loop frequency offset control can improve frequency synchronization precision. We think Closed-loop UL frequency compensation should be supported in NTN Release.17.

	Panasonic
	Support

	Apple
	Support the conclusion for UEs with GNSS. For UEs without GNSS, we may need to check it further.  

	Intel
	OK

	MediaTek
	Agree

	Ericsson
	So far closed-loop UL frequency compensation has not been justified but we prefer not to rule it out at this point.

	Samsung
	Similar to Issue#10, we think this issue is similar to TA loop. The indication of frequency offset indication is needed to modify the error of the frequency offset of UL signal from a given UE. This is to do fine tuning of frequency synchronization.

	Lenovo/MM
	Agree with moderator’s view.

	QC
	We should support closed-loop frequency control to ensure broader deployment scenarios.

	Huawei, HiSilicon
	Support

	LG
	Support

	Spreadtrum
	Support

	vivo
	Support

	Baicells
	We support investigating this further in RAN1. Closed-loop UL frequency synchronization can be beneficially for the case of GNSS loss or limited GNSS availability at the UE.

	OPPO
	fine



[bookmark: _Toc80303213]Updated proposal based on company views (First round of email discussions)
18 companies provided views during the first round of email discussions.
[ZTE, FGI, Panasonic, Apple, Intel, MediaTek, Lenovo/MM, Thales, Huawei, HiSilicon, LG, Spreadtrum, vivo, OPPO]  are supportive of the Initial Proposal 11. 
The conclusion is not acceptable to [Xiaomi, Samsung, Qualcomm] 
[Nokia] want to consider/investigate the case where there is loss of GNSS. [Ericsson, Baicells] prefer to investigate this further in RAN1.
In  Moderator’s view, Release 17 GNSS equipped UEs shall pre-compensate the Doppler shift with sufficient accuracy to satisfy the frequency synchronization requirements defined by RAN4 for both initial access and RRC connected state. Moreover, additional frequency error from “NTN-Payload + Feederlink + NTN-GW” is expected to be negligible compared to the ±0.1ppm UE frequency error requirement as per RAN4 reply to RAN1 LS on NTN UL time and frequency synchronization requirements (refer to R4-2108648). And as per RAN1#105-e agreement the Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17.
This feature is not essential. Also, it may require a lot of specification work and by considering the limited remaining TUs, the Updated Proposal 11is as follows:
Updated Proposal 11
Conclusion:
Closed-loop UL frequency compensation is not supported in NTN Release.17
Companies are invited to provide their comments in the following table:
	Companies
	Comments and Views

	Ericsson
	OK

	Samsung
	We think this conclusion is not needed. We can discuss further after other UL freq. sync mechanism is decided.

	Apple
	Agree. In Rel-17, UE is assumed to have GNSS, which reduces the demand of closed-loop UL frequency compensation. We could revisit this functionality for UE without GNSS in a later release. 

	Spreadtrum
	Support

	LG
	Support

	Huawei, HiSilicon
	Support 

	Panasonic
	We agree with the Moderator’s assessment.	

	Baicells
	OK

	Nokia, Nokia Shanghai Bell
	As already commented in the online session, such a conclusion will only be acceptable if we also define the UE behaviour for cases where GNSS reception is either unreliable, inaccurate or even lost. For those cases we would need to UE to bar itself from the network and only access the network once the GNSS accuracy is sufficiently accurate.

	ZTE
	Support

	CMCC
	Support

	vivo
	Support



[bookmark: _Toc80303214]Updated proposal based on company views (Second round of email discussions)
Based on the expressed views during the second round of email discussions, the conclusion on Closed-loop UL frequency compensation support is the following:

Conclusion:
Closed-loop UL frequency compensation is not supported in NTN Release.17


[bookmark: _Toc80303215]Issue#12: Serving satellite ephemeris format bit allocations
In RAN1#104-bis-e, the following agreement was made:
	Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
· FFS: The field size for each parameter
· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported




RAN1 agreements on UL time and frequency synchronization for NR NTN achieved in RAN1 Meeting #105-e:
	Agreement:
Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements



The field size for each ephemeris parameter is till FFS.

On Issue#12, the following proposals were submitted to RAN1#106-e:
	Companies
	proposals

	Huawei, HiSilicon
	Observation 9: The bit allocation for Keplerian orbit elements indication can be optimized to reduce the overall signalling overhead.
Observation 10: Orbital parameters ephemeris format can reduce the singling overhead when a list of neighbour satellites or cells are provided in the system information
Proposal 9: Satellite ephemeris format based on the following six orbital elements is efficient to support UL synchronization
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time t0


	CATT
	Proposal 1: Support basic ephemeris information indication in SIB and finer ephemeris information indication in RRC signaling per on-demand requirement.  

	MediaTek Inc.
	Observation 9: A UE first coming into coverage of a satellite needs to immediately access if it is paged or if it needs to transmit data. The UE must be able to receive the satellite ephemeris on NTN SIB broadcast with periodicity 0.5s or 1 s. A longer SIB periodicity is not desirable due to short satellite dwell time (~10 minutes)
Proposal 9: Support satellite ephemeris format bit allocations
· Position and velocity state vector ephemeris format (16 bytes payload). 
· The field size for position [m]  is 78 bits
· The field size for velocity [m/s] is 54 bits
· Orbital parameter ephemeris format (18 byte payload)
· Semi-major axis α [m] is 33 bits
· Eccentricity e is 19 bits
· Argument of periapsis ω [rad] is 24 bits 
· Longitude of ascending node Ω [rad] is 21 bits
· Inclination i [rad] is 20 bits
· Mean anomaly M [rad] at epoch time to is 24 bits

	OPPO
	Proposal 4:  The two ephemeris information formats occupy the same field size with the higher accuracy of Satellite position and velocity state vector.

	FGI, Asia Pacific Telecom, III, ITRI
	Proposal 1	For specification to support the delivery of ephemeris information using both ephemeris formats, a default ephemeris format shall be introduced in a way that UE shall at least know the default ephemeris format and NW shall at least broadcast the default ephemeris format in SIB1.

	Qualcomm Incorporated
	Observation 4: The altitude of many satellites relative to the earth center varies much slower than the ECEF coordinates and can be signaled separately from the ECEF coordinates. When the altitude is known, only two ECEF coordinates need to be signaled. 

Proposal 5: For PVT ephemeris, consider signaling the orbit altitude relative to the earth center and two ephemeris ECEF coordinates.

	LG Electronics
	Observation 2. Regarding two satellite ephemeris formats, to reduce the UE implementation complexity, it is preferred that one of these formats can be a mandatory feature and the other can be optional feature.


	Ericsson
	Observation 20	Satellite ephemeris with sufficient accuracy to support timing and frequency offset pre-compensation shall be made available to the NR NTN UE.
Proposal 16	RAN1 to study the required accuracy of satellite ephemeris to support timing and frequency offset pre-compensation with accuracy specified by RAN4.

	Apple
	Proposal 8: RAN1 to discuss the field size for each ephemeris parameter after receiving RAN4 response on timing synchronization requirements.

	ZTE
	Proposal 13: For the format based on state vectors, use relative position in ephemeris indication to reduce UE power consumption and signalling overhead, at least for HAPS.
Proposal 14: For the format based on orbital elements, following methods can be considered to further optimize the signaling load:
· Indicate the first five parameters and the associated index to the UEs as reference ephemeris 
· Use delta correction in the form of PVT.

	InterDigital, Inc.
	Observation-1: Due to fast movement of LEO satellites, a coordinate-based ephemeris representation will become quickly obsolete and require frequent updates.
Observation-2: Over the timescales of initial access, error to orbital prediction introduced by e.g., atmospheric drag is relatively minor and should allow sufficiently accurate estimates for timing pre-compensation.
Proposal-1:	Ephemeris format is determined based on NTN scenario without indication.
Proposal-2:	State vector is used for GEO/HAPS and orbital elements is used for LEO.

	Nokia, Nokia Shanghai Bell
	Observation 16: The currently agreed list of Set2 ephemeris parameters are not sufficient for the UE to determine the current exact location of the satellite along an orbit.
Observation 17: The update rate at which the Set1 satellite ephemeris location information is available at the UEs, combined with the UE GNNS location accuracy, is a critical factor in the overall achievable location accuracy, and the RAN1 mechanisms depending on it.
Proposal 23: Include at least the true anomaly at epoch t0 (or equivalent) parameter as part of the Set2 parameters and consider it as delta correction parameter which needs to be updated and signalled more frequently compared to the other Set2 parameters.
Proposal 24: The Set1 and Set2 satellite ephemeris data may have different update rates.




[bookmark: _Toc80303216]Company views
Companies [ZTE, MediaTek, Huawei, HiSilicon, OPPO ] proposed bit allocation for satellite ephemeris: 

[ZTE] observed  that the basic principle should be that the quantization error will not significantly affect the pre-compensation accuracy of UE specific TA and Doppler.
	[ZTE- R1-2107776]
By supposing the granularity for position and velocity to be 1.3 m and 0.06 m/s with consideration of margin, the required bit number for ephemeris data is shown in Table 6.
[bookmark: _Ref32188]Table 6 Required bit number for ephemeris data
	
	LEO-600
	LEO-1200
	GEO

	position
	Upper bound
	6971 km
	7571 km
	42157 km

	
	Required bit number 
	3*24
	3*25
	3*26

	velocity 
	Upper bound
	7.56 km/s
	7.26 km/s
	0

	
	Required bit number 
	3*18
	3*18
	0

	total
	Required bit number
	126
	129
	78






[MediaTek] proposed to broadcast ephemeris data in 16 bytes payload in case of Position and velocity state vector ephemeris format  and in 18 byte payload in case of orbital parameter ephemeris format.
	[MediaTek- R1-2107065 ]
Payload of Position and velocity state vector ephemeris format: 
It was observed via simulations that a SIB overhead for satellite position {SX, SY, SZ} and velocity {VX, VY, VZ} ephemeris of 16 bytes are sufficient to allow accurate prediction of satellite delay and Doppler shift as shown in Table 3.  
Table 3: Payload of Position and velocity state vector ephemeris format.
	Position and Velocity Ephemeris
	Resolution
	#bits
	Resolution
	#bits

	Satellite Location (Range  ≤ ±43000 km)
	0.33m 
	3*28=84 
	1.3m 
	3*26=78 

	Satellite Velocity  (Range ≤ ±8 km/s)
	0.015 m/s 
	3*20=60 
	0.06 m/s 
	3*18=54 

	Payload
	18 bytes
	16 bytes



Payload of Orbital parameter ephemeris format: 
It was observed via simulations that a SIB overhead for orbital parameters of 16 bytes are sufficient to allow accurate prediction of satellite delay and Doppler shift as shown in Table 4.  
Table 4: Payload of orbital parameter ephemeris format.
	Orbital ephemeris
	α
	e
	ω
	Ω
	I
	Mo

	Bit allocation
	26 bits
	19 bits
	24 bits
	18 bits
	17 bits
	24 bits

	Range  
	±43000 km
	≤ 0.015
	[0, 2π]
	[-180o , +180o]
	[-90o  , +90o ]
	[0, 2π]

	Payload
	~18 bytes






[Huawei, HiSilicon ] Signaling overhead and dynamic range of Keplerian orbit elements:
	[Huawei, HiSilicon, R1-2106483]:
For quantization error analysis, the dynamic range and signaling overhead of each Keplerian orbit element is given in Table 2. For semi-major axis, the dynamic range [6500, 43000] km could cover all the LEOs, MEOs and GEOs. For eccentricity, the dynamic range [0, 0.015] is suitable for satellites operating in near circular orbit. The orbit propagator input quantization noise is defined by the allocated bits number for each element. 
Table 2 Signaling overhead and dynamic range of Keplerian orbit elements
	
	a
	E
	ω
	Ω
	I
	M0

	Bit allocation
	33bit
	19bits
	24bits
	21bits
	20bits
	24bits

	Range
	[6500, 43000]km
	[0,0.015]
	[0,2π]
	[-180, +180]
	[, ]
	[0,2π]






	[OPPO- R1-2107244]
Signalling overhead of Orbital parameter ephemeris format: 
For orbital parameter ephemeris format, in order to cover all the LEOs, MEOs and GEOs the range of semi-major axis is [6400, 43000] km.
For eccentricity, the range [0, 0.015] is more suitable for satellites in approximate circular orbits. Table 1 shows the signalling overhead and range. 

Table 1 Payload size of Orbital parameter ephemeris in the SIB

	Orbital ephemeris
	α
	e
	ω
	Ω
	I
	Mo

	N-Bits 
	26 bits
	19 bits
	24 bits
	19 bits
	18 bits
	24 bits

	Range  
	[6400, 43000]km
	[0,0.015]
	[0, 2π]
	[-π , +π]
	[-π/4  , +π/4 ]
	[0, 2π]

	[bookmark: OLE_LINK5]Payload
	~17 bytes



Signalling overhead of Satellite position and velocity state vectors: 
[bookmark: OLE_LINK4]For Satellite position and velocity state vectors,considering that the largest semi major axis is 43000km, the payload  size in the SIB needed for Satellite position and velocity state vectors as in Table 2.

Table 2 Payload size of Satellite position and velocity state vectors in the SIB

	Orbital ephemeris
	PX、PY、PZ
	VX、VY、VZ
	PX、PY、PZ
	VX、VY、VZ

	Resolution
	1m
	1m/s
	0.165m
	0.25m/s

	N-Bits 
	3*26 bits
	3*14 bits
	3*29 bits
	3*16 bits

	Range  
	[± 43000]km
	[±8km/s]
	[± 43000]km
	[±8km/s]

	Payload
	~15 bytes
	~17 bytes







To reduce the signalling overhead : [Qualcomm] proposed for the format based on state vectors, consider signalling the orbit altitude relative to the earth center and two ephemeris ECEF coordinates. a bit saving of 26 bits on the mean absolute error and a bit saving of 28 bits on the maximum absolute error can be achieved without sacrificing the accuracy. [ZTE] proposed for the format based on state vectors, use relative position in ephemeris indication to reduce UE power consumption and signalling overhead, at least for HAPS.
[Nokia] proposed to include at least the true anomaly at epoch t0 (or equivalent) parameter as part of the Set2 parameters and consider it as delta correction parameter which needs to be updated and signalled more frequently compared to the other Set2 parameters.

[Apple] proposed for RAN1 to discuss the field size for each ephemeris parameter after receiving RAN4 response on timing synchronization requirements.
From Moderator’s perspective, the bit allocation for each ephemeris parameter will be determined based on the time and frequency accuracy requirements yet-to-be-defined by RAN4 and their implication on satellite position and velocity accuracy. Also, the quantization step resulting from the satellite position and velocity should be one order of magnitude below the accuracy levels related to the satellite trajectory knowledge at gNB side. The required precision for position and velocity of 1.3 m and 0.06 m/s respectively seems to be reasonable.
Based on the proposals from different contributions, the following  working assumption is made. The group can revisit and update it if necessary .e.g. after receiving RAN4 response on timing synchronization requirements or further optimization solutions to reduce the signalling overhead are proposed and agreed:
Initial Proposal 12:
Working assumption:
· Support serving satellite ephemeris format bit allocations:
· Position and velocity state vector ephemeris format (16 bytes payload). 
· The field size for position [m]  is 78 bits
· The field size for velocity [m/s] is 54 bits
· Orbital parameter ephemeris format (18 byte payload)
· Semi-major axis α [m] is 33 bits
· Eccentricity e is 19 bits
· Argument of periapsis ω [rad] is 24 bits 
· Longitude of ascending node Ω [rad] is 21 bits
· Inclination i [rad] is 20 bits
· Mean anomaly M [rad] at epoch time to is 24 bits

Companies are encouraged to provide their views in the following table:
	Companies
	Comments and Views

	ZTE
	We are in general fine with direction of this proposal. But it’s also preferred to future investigate the possibility to reduce the overhead. Then, following FFS is proposed:
FFS: Additional enhancement to optimize the signaling overhead.

	FGI
	Support.

	Nokia, Nokia Shanghai Bell
	We think it might be a bit premature to start defining specific bit assignments for each field when the time and frequency requirements from RAN4 are not known yet. To avoid a deadlock situation where RAN4 is waiting for RAN1 and vice versa, we could consider to put the values in brackets, and make notes for each element related to the expected accuracy for each element, such that we know the expected reference for accuracy. Further, we would like to also consider the true anomaly as part of the broadcast information.

	Panasonic
	We agree with this working assumption. 

	Apple
	We think the field size and granularity of ephemeris are closely related to uplink time and frequency error requirements. Hence, we prefer to discuss this after RAN4’s reply. 

	MediaTek
	Agree

	Ericsson
	We should agree value ranges and number of bits jointly.

	Samsung
	It seems that   there is a small typo here, as 78+54 = 132 > 128 = 16*8, so the payload for the position and velocity state vector ephemeris format should be 17 bytes, not 16.

Also, in our original Tdoc on this topic (R1-2008165), we discussed the use of an index to a pre-defined table of satellite altitude levels and altitude offset scaling levels.  This idea, which can be extended to the indication of velocity, may result in a smaller payload.  We believe that RAN1 should consider supporting this approach, in addition to the formats in this proposal. 

	QC
	We think the proposal is premature. In addition, signaling the orbit altitude and two of the coordinates can save some bits.

	Huawei, HiSilicon
	Support 

	LG
	Agree with ZTE. We prefer to put FFS regarding signaling overhead optimization.

	CMCC
	Support with ZTE’s proposal.



[bookmark: _Toc80303217]Updated proposal based on company views (First round of email After the first round of email discussions)
12 companies provided views during first round of email discussions. Companies are encouraged to read each other’s comment captured in the table above.
Moderator holds the view that a Working assumption could be a starting point to define the serving satellite ephemeris bit allocation. The field sizes, resolution and ranges are baseline that can be further optimized. It worth noting that, the required precisions for position and velocity of 1.3 m and 0.06 m/s respectively  are reasonable. 
Of course, the group can revisit and update this working assumption if necessary .e.g. after receiving RAN4 response on timing synchronization requirements or by considering additional enhancement to optimize the signalling overhead.
Based on comments collected during first round of email discussions, the Working assumption is updated as follows:


Updated Proposal 12:
Working assumption:
· Support serving satellite ephemeris format bit allocations:
· Position and velocity state vector ephemeris format (17 bytes payload). 
· The field size for position [m]  is [78 bits]
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is [1.3m] for position
· The field size for velocity [m/s] is [54 bits]
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is [0.06 m/s] for Velocity
· Orbital parameter ephemeris format (18 byte payload)
· Semi-major axis α [m] is [33 bits]
· Range: ±43000 km
· Eccentricity e is [19 bits]
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is [24 bits] 
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is [21 bits]
· Range: [-180o , +180o]
· Inclination i [rad] is [20 bits]
· Range: [-90o  , +90o ]
· Mean anomaly M [rad] at epoch time to is [24 bits]
· Range: [0, 2π]
FFS: Additional enhancement to optimize the signalling overhead.

Companies are encouraged to provide their views in the following table:
	Companies
	Comments and Views

	MediaTek
	Support

	Ericsson
	OK

	LG
	Agree with proposal.
In addition, if the intention of the use of square brackets is that values and units can be changed according to further discussion, it would be desirable to change the brackets in the following parts:

· Position and velocity state vector ephemeris format ([17 bytes payload]) 
· Orbital parameter ephemeris format ([18 byte payload])

	CATT
	Support

	Huawei, HiSilicon
	The range of Semi-major axis α for orbital parameter ephemeris format is not correct, range of  [6500, 43000]km can cover all the LEOs, MEOs and GEOs.

	Panasonic
	We agree with this working assumption.

	Nokia, Nokia Shanghai Bell
	We appreciate that the references to the target accuracy are included to the position and velocity information. When field size for position is mentioned – we would prefer if this is further spelled out into the actual fields describing the position (that is, ECEF or similar descriptor). The same applies to velocity (provided that everybody has the understanding that velocity is given as a velocity vector). Further, we would like to also consider the true anomaly as part of the broadcast information. 

	ZTE
	Support

	CMCC
	Support



[bookmark: _Toc80303218]Updated proposal based on company views (2nd round of email discussions)
Based on the second round of email discussion the Updated Proposal 12 is modified as follows:
Working assumption :
· Support serving satellite ephemeris format bit allocations:
· Position and velocity state vector ephemeris format [17 bytes payload]. 
· The field size for position [m]  is [78 bits]
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is [1.3m] for position
· The field size for velocity [m/s] is [54 bits]
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is [0.06 m/s] for Velocity
· Orbital parameter ephemeris format [18 byte payload]
· Semi-major axis α [m] is [33 bits]
· Range: [6500, 43000]km
· Eccentricity e is [19 bits]
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is [24 bits] 
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is [21 bits]
· Range: [-180o , +180o]
· Inclination i [rad] is [20 bits]
· Range: [-90o  , +90o ]
· Mean anomaly M [rad] at epoch time to is [24 bits]
· Range: [0, 2π]
FFS: Additional enhancement to optimize the signalling overhead.

[bookmark: _Toc80303219]Issue#13: Serving satellite ephemeris Epoch time
The issue on serving satellite ephemeris Epoch time, implicit or explicit was discussed at RAN1#105-e without consensus. The FL recommendation was as follows:
	On the implication of  Epoch time linked to Satellite ephemeris data; implicit or explicit, companies are encouraged to provide more inputs to upcoming RAN1 meeting:
· What is the impact on gNB?
· What is the impact on UE?
· What is the impact on signalling overhead?
· What is the impact on ephemeris accuracy? 
· If implicit epoch time, what would be the reference point for epoch time?



Based on discussion during RAN1#104-bis-e and RAN1#105-e meeting, it seems that the implicit epoch time is preferred by many companies.
The principle of the implicit epoch time for serving satellite ephemeris is shown in the Figure below:
[image: ]
· Step 1: On board GNSS-based measurements of the satellite position and velocity are made and dated.
· Step 2: The measurements are collected in the NTN Control Center (NCC) where the satellite Orbit Determination (OD) is performed.
· Step 3: The satellite OD is performed in the NCC. This operation can be more or less complex depending on the models considered, the quantity of measurements available and the algorithms used.
· Step 4: Satellite orbit prediction is performed and ephemeris data with explicit Epoch time is shared with GW and gNB. 
· Step 5: gNB broadcast the ephemeris data periodically. Epoch time is implicitly known as a reference time linked to DL slot where satellite ephemeris is broadcast by considering the reference point for epoch time on the satellite. The UE, based on its GNSS can estimate the ageing of ephemeris data corresponding to one way satellite-UE propagation delay.

On Issue#13, the following proposals were submitted to RAN1#106-e:
	Companies
	proposals

	Thales
	Proposal 9: Epoch time is implicitly known as a reference time linked to DL slot where satellite ephemeris is broadcast

	CATT
	Proposal 2: Support implicit indication linked to DL suframe index for epoch time signalling

	MediaTek Inc.
	Observation 10: Signaling of epoch time on NTN SIB requires a payload of approximately 5 bytes.
Proposal 8: Epoch time is implicitly known as a reference time linked to DL subframe where NTN SIB is broadcast.

	Ericsson
	Observation 16	If the reference point for epoch time for satellite ephemeris is at the satellite transmitter, the network (e.g., the NCC or the gNB) must generate satellite ephemeris with a time-varying prediction time offset, adapted to the feeder link delay. The UE can determine the epoch time based on satellite ephemeris.
Observation 17	If the reference point for epoch time for satellite ephemeris is at the UE receiver, the network (e.g., the NCC or the gNB) cannot accurately predict the satellite ephemeris at epoch time due to the differential delay in an NTN cell. Also, cell-specific ephemeris data for the same satellite might be needed due to differential delay between cells of the same satellite.
Observation 18	If implicit epoch time is used, the gNB may need to know the absolute transmission time of the subframe containing the ephemeris data with an accuracy of 0.6 ms, assuming that the impact of the epoch time inaccuracy on the UE transmission time error should not exceed 5% of the shortest CP length.
Proposal 14	RAN1 to discuss how to define the reference point for epoch time if implicit epoch time for satellite ephemeris is used.
Proposal 15	RAN1 to discuss the impact of implicit epoch time on gNB.

	Nokia, Nokia Shanghai Bell
	Proposal 25: The epoch time is explicitly indicated along with ephemeris data.



[bookmark: _Toc80303220]Company views
There were few proposals on this topic in the Tdocs submitted to RAN1#106-e:
· [Nokia] proposed to adopt explicit Epoch time indication : 
According to [Nokia]  the most natural choice is to use the time reference currently used in GNSS satellite systems (e.g. as epoch in seconds within GNSS week). This time reference can then be linked to 3GPP signalling time reference (SFN number) via dedicated broadcast information (SIB9).
· [THALES, MediaTek, CATT] are supportive of implicit Epoch time indication: 
[MediaTek] observed that signaling of epoch time on NTN SIB requires a payload of approximately 5 bytes.
[Ericsson] proposed for RAN1 to discuss how to define the reference point for epoch time if implicit epoch time for satellite ephemeris is used. And observed: if implicit epoch time is used, the gNB may need to know the absolute transmission time of the subframe containing the ephemeris data with an accuracy of 0.6 ms, assuming that the impact of the epoch time inaccuracy on the UE transmission time error should not exceed 5% of the shortest CP length. [Ericsson] then proposed for RAN1 to discuss the impact of implicit epoch time on gNB.
Based on the views expressed in companies’ contributions:
Initial Proposal 13:
· Epoch time is implicitly known as a reference time linked to DL slot where the SIB carrying satellite ephemeris is broadcast.
· The reference point for epoch time is satellite.

Companies are encouraged to provide their views in the following table:
	Companies
	Comments and Views

	ZTE
	For this proposal, we are supportive on the 1st bullet, i.e., implicitly indication of the Epoch, with consideration to reduce the signalling overhead on SIB. 
However, w.r.t the reference point, it’s preferred to take the gNB for such indication with consideration on the whole procedure for signalling generation and delivering. More specifically, based on the 5 steps shown in the figure above, the latency of all link including processing time (with uncertainty) will have impacts on the accuracy for ephemeris indication.  
Moreover, by setting the reference point at gNB side, the NCC and GTW can conduct the calculation along with prediction to ensure the accurate information will be generated and delivered to gNB to match the time instant for each SIB transmission.

	FGI
	Support.

	Nokia, Nokia Shanghai Bell
	Introducing an implicit coupling between the epoch time and the SIB by which the ephemeris information is provided will cause significant impacts to the gNB and lead to sub-optimum utilization of the available information. First, the gNB is not directly in control of the satellite, and the location of the satellite as a function of time is delivered by a functionality that is outside the control of the 3GPP system. Secondly, as pointed out by Ericsson’s Observation 16, there may be a need for the gNB to dynamically adopt for the feeder link delay using predictors for the needed offset (and still take into account the future satellite position). Hence, it would be more natural that the gNB indicates the time by which the information is valid. The added benefit of this is that the UE (for the case where the ephemeris information is valid at a later point in time) is able to calculate/estimate the satellite position prior to the valid ephemeris timestamp. Hence, the gNB would only need to provide ephemeris information at half the rate. It should be noted that epoch time that we are discussing there may not need to have the full UTC time stamp, but would rather be something that is truncated (like offset relative to latest full hour), which would reduce the overhead significantly. After all, the UE should have good understanding of UTC from its GNSS implementation.

	Panasonic
	We agree.

	Apple
	Agree 

	MediaTek
	Agree

	Samsung
	Agree 

	Lenovo/MM
	Agree with moderator’s view.

	QC
	To keep the detailed reference time point open before broadcasting of ephemeris is complete, We suggest to modify the first bullet as below:
· Epoch time is implicitly known as a reference time linked to DL signal.


	Huawei, HiSilicon
	Support 

	LG
	We prefer to provide explicit signalling to reduce misunderstanding between gNB and UE.

	CMCC
	Support

	OPPO
	fine



[bookmark: _Toc80303221]Updated proposal based on company views (First round of email discussions) 
13 companies provided views during the first round of email discussions. ZTE
[FGI, Panasonic, Apple, MediaTek, Samsung, Lenovo/MM, QC, Huawei, HiSilicon, CMCC, OPPO, Thales] are supportive of Initial Proposal 13.
[ Nokia, Nokia Shanghai Bell, LG] prefer explicit signalling of ephemeris epoch time.
Based on the expressed views Initial Proposal 13 is updated as follows:
Initial Proposal 13:
· Serving satellite ephemeris Epoch time is implicitly known as a reference time linked to DL signal.

Companies are encouraged to provide their views in the following table:
	Companies
	Comments and Views

	MediaTek
	Support

	Samsung
	Support

	Lenovo/MM
	Support.

	Apple
	Support

	LG
	We prefer to provide explicit signalling to reduce misunderstanding between gNB and UE. But, for the progress, we can support the majority view.

	CATT
	Support. It means in each time ephemeris information indication is always new.

	Huawei, HiSilicon
	Support

	Panasonic
	Support

	Nokia, Nokia Shanghai Bell
	We oppose to this. As outlined in our earlier response this will create serious issues in the gNB implementation. The information related to the satellite position will come from a system that is outside the responsibility of the 3GPP system and outside the control of the 3GPP system. Hence it would not be acceptable to have this implicit aspect adopted. Further, we do not really understand why so many companies are insisting on going for a solution that is providing twice as much overhead as is needed. When providing the epoch time it is possible to reduce the UE reading rate of the ephemeris information by a factor of two due to the possibility to locate a fix point into the future.

	ZTE
	Support

	Xiaomi
	Support 

	CMCC
	Support

	OPPO
	Support in general, But the DL signal should be explained what it is. At least we should list some options to illustrate this DL signal for better understanding. 





 
[bookmark: _Toc80303222]Updated proposal based on company views (2nd round of email discussions)
Based on the second round of email discussions, Updated Proposal 13 is the following:

Updated Proposal 13:
· Serving satellite ephemeris Epoch time is implicitly known as a reference time linked to DL signal.



[bookmark: _Toc80303223]Conclusion
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	RAN1 agreements on UL time and frequency synchronization for NR NTN achieved in RAN1 Meeting #105-e:
Agreement:
Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements.
Agreement:
RAN1 should send an LS to SA3, SA1 and possibly SA3-LI to get more inputs regarding the security/regulatory aspects if the NTN GW/gNB position is broadcast or possible to be derived by the UE with assistance information from the network, and on any aspects related to accuracy of the position.
Conclusion:
The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17.

RAN1 agreements on UL time and frequency synchronization for NR NTN achieved in RAN1 Meeting #104-bis-e:
 Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 

Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.
Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
· FFS: The field size for each parameter
· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported

Conclusion:
The orbital propagator model to be used at UE side can be left to implementation.
RAN1 Meeting #104-e  (e-Meeting, January 25th – February 5th, 2021):
Agreement:
An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
FFS: Operation of closed loop and open loop TA control
Agreement:
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
FFS: Details of the combination of open and closed loop TA control
Conclusion:
It is up to RAN4 to decide whether interruptions or measurement gaps are required for GNSS measurements during NTN operation
Agreement: 
RAN1 should send an LS to RAN4 with the following questions: 
Question 1: RAN1 would like to ask RAN4, to indicate what are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Question 2: RAN1 would like to ask RAN4, to indicate what are the NTN UL frequency synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Conclusion:
If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
· FFS: support of DL frequency compensation for the service link Doppler.
[bookmark: _Hlk63432430]Agreement:
· RAN1 to support satellite ephemeris broadcast based at least on one of the following format options:
· Option 1: Ephemeris format based on satellite position and velocity state vectors
· FFS: Details on state vectors formats 
· FFS: Details on time reference provisioning/format
· Option 2: Ephemeris format based on orbital elements
· FFS: Details on orbital elements formats 
· FFS: Details on time reference provisioning/format
· FFS: Whether down-selection is needed or both options are supported

RAN1 Meeting #103-e  (e-Meeting, October 26th – November 13th, 2020):
Agreement:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
Agreement:
· In NTN, the network may broadcast 
· A common timing offset value 
· FFS details of the common timing offset
· FFS: A common timing drift rate
· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

Where:
is derived from the User specific TA self-estimation
 is derived at least from the common timing offset value if broadcasted by the network. The granularity of  and whether  is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
· depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
·  is specified in TS 38.211 section 4.1. 
· Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.

Working assumption:
It is assumed that the requirement on UL time pre-compensation for Msg1/MsgA transmission of an NR NTN UE in idle/inactive mode will be defined such that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
  
Agreement:
An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.

RAN1 Meeting #102-e  (e-Meeting, August 17th – 28th, 2020):
Agreement:
•	In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
o	its position 
o	a reference time and frequency
•	And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
•	FFS:  Details on additional information signalled from network
Agreement:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:
•	The User specific TA which is estimated by the UE:
o	Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:
	FFS: Details on serving satellite ephemeris indication 
o	Option 2: The User specific TA  is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network
•	The Common TA if indicated by the network:
o	FFS: The need and details of Common TA indication 
•	FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)



[bookmark: _Toc80303226]Appendix II: Summary of proposals
	TDoc	
	Source
	

	R1-2106483
	Huawei, HiSilicon
	Observation 1: There will be a large timing offset between the DL and UL frame timing at the UE side when reference point for  is at the gNB.
Observation 2: The timing drift rate between the DL and UL frame at the gNB is equal to the timing drift rate of feeder link when reference point for  is at the satellite.
Observation 3: The high timing offset variation between the DL and UL frame timing will introduce more implementation complexities to the gNB.
Observation 4: The required number of bits for broadcasting common TA for LEO (600 km), LEO (1200 km), and GEO are respectively 18, 19 and 22.
Observation 5: Appling a common TA drift rate at the UE can reduce the closed loop signaling overhead and avoid frequent SIB1 decoding.
Observation 6: The validity of common TA drift rate is related to elevation and the worst case of validity is over 1s with LEO600.
Observation 7: With the information of frequency pre-compensation on DL, the frequency offset at the gNB of UL reception will be minimized.
Observation 8: DL detection complexity can be largely reduced with DL frequency pre-compensation.
Observation 9: The bit allocation for Keplerian orbit elements indication can be optimized to reduce the overall signalling overhead.
Observation 10: Orbital parameters ephemeris format can reduce the singling overhead when a list of neighbour satellites or cells are provided in the system information
Proposal 1: The common TA is determined as the RTD from the reference point to the satellite, i.e. by subtracting the delay compensated at the gNB from the feeder link RTD.
Proposal 2:  can be either a positive or negative value to support the corresponding reference point at both service link and feeder link.
Proposal 3: The granularity of common TA is .
Proposal 4: At least support indicating a common TA drift rate as part of the common TA applied by UE.
Proposal 5: For Msg1/MsgA transmission and TA maintenance, use a common TA drift rate to compensate the TA drift between SIB decoding and UL transmission.
Proposal 6: A valid timer should be introduced for common TA tracking.
Proposal 7: The indicate DL frequency pre-compensation is normalized to a predefined subcarrier spacing.
Proposal 8: For GNSS UE, closed-loop UL frequency compensation is not needed.
Proposal 9: Satellite ephemeris format based on the following six orbital elements is efficient to support UL synchronization
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time t0


	R1-2106556
	THALES
	Proposal 1: 
The Network may periodically broadcast:
	Common TA 
	Common TA drift rate 
	Second-order derivative of Common Delay drift
Proposal 2: The granularity of Common TA is equal to 64/2^μ*Tc
μ is the highest allowed numerology for the given Frequency Range
Proposal 3: 
The Network may periodically broadcast:
	in case of GEO based non-terrestrial access network:
	Common TA in a field of 26 bits 
	in case of LEO/MEO based non-terrestrial access network:
	Common TA in a field of 23 bits 
	Common TA drift rate in a field of 13 bits
	Common TA drift rate variation in a field of 6 bits
Proposal 4: RAN1 to discuss the indication of TA-margin after RAN4 response to the LS on timing synchronization requirements.
Proposal 5: 
Existing N_TA update in RRC_CONNECTED based on TA Command  field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction without specification change
Proposal 6:
A validity timer configured for UE specific TA defines the maximum time during which the UE can track the RTD on service link without having acquired new ephemeris data to be used for UE specific TA estimation.
	This timer is restarted each time the UE receives new ephemeris data
	The UE assumes that it has lost uplink synchronization if this timer expires and new ephemeris data is not available.
Proposal 7: 
A validity timer configured for Common TA defines the maximum time during which the UE can track the Common RTD without having acquired new assistance information to be used for Common TA estimation.
	This timer is restarted each time the UE receives new assistance information.
	The UE assumes that it has lost uplink synchronization if this timer expires and assistance information is not available.
Proposal 8  Deprioritize support of DL frequency compensation for the service link Doppler in Release 17.
Proposal 9: Epoch time is implicitly known as a reference time linked to DL slot where satellite ephemeris is broadcast
Observation 1.	For better accuracy of self-estimated Common TA a second-order approximation is needed, thereby, both Common TA drift rate and Common TA drift variation rate may need to be jointly broadcast by the Network.
Observation 2.	maximum one way Common Delay estimation error shall take into account the error on satellite position and the error of  quantization of common TA parameters broadcast in SIB.
Observation 3.	The residual timing inaccuracy due to common TA approximation can be managed by gradual timing adjustment using closed loop TA commands if necessary
Observation 4.	if initial TA does not include a margin for maximum TA estimation error. A bipolar TA command is needed in msg2. i.e support negative TA adjusting in RAR
Observation 5.	If DL frequency compensation for the service link Doppler is supported, in case of Earth-fixed cell, the UE needs to frequently acquire the SIB to retrieve common pre-compensated FO parameters.
Observation 6.	At least 19 bits are needed to indicate the amount of frequency compensation and associated drift rate.
Observation 7.	One shall distinguish between orbit determination performance based on past measurements of the satellite trajectory and orbit prediction performance which concern the future satellite trajectory.
Observation 8.	As a rule of thumb; it can be assumed that there is a factor of 1000 between the position error (in m) and the velocity error (in m/s). This is important to keep in mind when allocating an error budget for satellite position and velocity estimations.
Observation 9.	The orbit prediction accuracy depends on:
a.	-	The accuracy of the orbit determination used to derive the satellite ephemeris
b.	-	The accuracy of the orbit propagation model
c.	-	The time horizon over which the prediction is made
Observation 10.	Even for a satellite system with “low quality” orbit determination algorithm, challenging operations relying on accurate prediction of satellite trajectories such as Doppler compensation can be performed reliably. 
Observation 11.	Typical Precision Orbit Determination (initial 3D Position RMS Error = 0.5 m and 3D Velocity RMS Error = 0.5 mm/s) allows Satellite position prediction 60 seconds ahead with max error of 1.47m and 5 minutes ahead with max error of 3.87m 
Observation 12.	Based on simulation results, prediction 45 s ahead for UE pre-compensation is accurate within 0.29 µs for round trip delay error and within 45.93 Hz for Doppler error (at FR2) when Kepler model is used. This is sufficient to accommodate UE pre-compensation requirement when using 120 kHz SCS


	R1-2106592
	vivo
	Observation 1: Further discussion on how to use common TA parameters is needed. 
Proposal 1: Support feeder link time compensation at UE.
Proposal 2: Support common TA calculation discussion after common TA drift parameters are determined. 
Proposal 3: Support one validity timer configured for both Common TA and satellite ephemeris information.
Proposal 4: Support common DL frequency compensation for the service link doppler, considering the following aspects.
· For earth-moving cells, indicate DL common frequency pre-compensation offset to UE.
· For earth-fixed cells, indicate the beam-specific ECEF co-ordinates of a fixed reference point to UE.

	R1-2106702
	Spreadtrum Communications
	Proposal 1: NTA, common should be expressed in the legacy granularity of Tc units.
Proposal 2: The calculation of UE-specific TA is up to UE implementation.
Proposal 3: Existing NTA update based on TA Command field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction without specification change.
Proposal 4: The amount of frequency that has been pre-compensated in DL, relative to the nominal DL Tx frequency, shall be indicated to the UE. 
Proposal 5: Indication of common post-compensation frequency offset for Uplink is not needed.
Proposal 6: Close control loop for UL frequency alignment is not needed.

	R1-2106755
	Baicells
	Observation 1-1: If TA_network is time variant, i.e., feeder link timing drift handled by gNB,  the implementation of gNB would be very complicated .
Observation 1-2: No matter feeder link timing drift is compensated by the network or not, UE still needs to deal with the service link timing drift.
Proposal 1: UE compensates the feeder link timing drift, while the network compensates a semi-static part of TA.
Observation 2: If the position of the gNB and a semi-static TA compensated by network can be indicated, UE can calculate TA_common autonomously, eliminating the need for frequent updates, , and make the issue of signaling overhead and aging problem easy to solve.
Proposal 2: The network provides indication about the position of the gNB and the TA compensated by network, and the UE calculate its TA autonomously.
Observation 3:  Even if the distance between the RP and gNB is fixed, the physical position of RP is constantly changing. Therefore broadcasting the physical position is not a good way.
Proposal 3: Broadcast the distance between the reference point and gNB  (or TA compensated by the network)  instead of the position of reference point. 
Proposal 4-1: The granularity of common TA needs to match with the error.
Proposal 4-2: The granularity should be configurable for the protocol specification.
Proposal 5: At least, support UL frequency compensation by UE with GNSS based on DL reference signal, UE position and satellite ephemeris. Benefits to support closed-loop UL frequency compensation need further study.

	R1-2106806
	Sony
	Observation 1: The accuracy of both open and closed loop TAs is impacted by the age of the parameters used in their calculation.
Proposal 1: In setting combination rules, RAN1 should consider the relative age of open versus closed loop TAs.
Observation 2: Changes in satellite location due to orbital movement affect the propagation delay of the feeder link and can be configured to the UE as a drift rate.
Proposal 2: RAN1 should consider indicating the time at which a closed loop TA was calculated to the UE.
Observation 3: Applying beam-specific timing drift rate can improve the throughput approximately 15% compared to the case of no timing drift rate.
Proposal 3: RAN1 should support the signalling of timing drift rate information to the UEs in a beam specific manner.
Proposal 4: UE should update the common TA with common timing drift rate when UE transmits uplink data.

	R1-2106885
	Samsung
	Observation 1: The common TA, , can be divided into the minimum common TA, , and a residual common TA, . The minimum common TA, , can be derived by UE from satellite ephemeris (or simply altitude) information without additional signalling.
Observation 2: The gNB jointly indicates the TA variation rate and the Doppler shift.
Observation 3: Based on the indicated TA variation rate r_TA (and the current TA), the UE can autonomously adjust its TA.
Observation 4: Based on the indicated Doppler shift f_D (and the compensated frequency offset), the UE can determine the residual Doppler shift and pre-compensate its UL transmission.

Proposal 1: The following options are considered for  and .
· Option 1
· : its update is supported by group common signalling.
· : Defined as the same as Rel-15/16
· Option 2
· : broadcasted by SIB.
· : Defined as the same as Rel-15/16
· Option 3
· : broadcasted by SIB with drift rate information.
· : Defined as the same as Rel-15/16. 

Proposal 2: RAN1 discusses the granularity after concluding the signaling and update of  and .
Proposal 3: A mechanism to align between the gNB and the UE is adopted, e.g., a UE reports  when it updates or the gNB triggers the UE to update  with a granularity of .
Proposal 4: Each of the following options are supported based on the gNB configuration:
· Closed-loop TA control
· Open-loop TA control
· Combination of open&closed-loop TA control

Proposal 5: A gNB signals residual common TA value to UEs such that UEs can derive common TA by adding to minimum common TA value, which can be obtained by UE from the satellite ephemeris (or altitude) information.
Proposal 6: Multiple reference points and common TA values should be considered for extremely large cells
Proposal 7: The gNB signals common TA drift rate to enable autonomous TA update at UE.
Proposal 8: The gNB can jointly signal common TA drift rate and Doppler shift such as the UE derives Doppler shift from common TA drift rate signaled by gNB or vice versa.
Proposal 9: The gNB indicates the additional UL frequency offset value.


	R1-2106968
	CATT
	Proposal 1: Support basic ephemeris information indication in SIB and finer ephemeris information indication in RRC signaling per on-demand requirement.  
Proposal 2: Support implicit indication linked to DL suframe index for epoch time signalling. 
Proposal 3: In order to save signaling overhead, common TA and common timing drift will be equal to 0 if not indicated. 
Proposal 4: The granularity of common TA can apply 1024 Tc or 2048Tc of step size.  
Proposal 5: TA margin is not needed if the accuracy of ephemeris information in RRC-IDLE mode and RRC-connected mode is same.
Proposal 6: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
Proposal 7: On the close-loop and open-TA combination, UE can stop autonomous TA compensation or subtract the accumulated TA compensated by autonomous TA compensation during the gap between two neighboring TAC commands.   
Proposal 8: The validity timer for common TA and ephemeris information is not need and UE should read the latest information about common TA and ephemeris information to guarantee synchronization performance.
Proposal 9：Support the indication of common frequency pre-compensation with Khz granularity. For earth fixed beam, the value can be zero.
Proposal 10: UE is expected to perform total UL Doppler pre-compensation.  
Proposal 11: Broadcasting the gateway position is not needed.  


	R1-2107020
	PANASONIC R&D Center Germany
	Proposal 1: We propose to allow for a non-zero DL-UL timing difference managed by the network.
· FFS: The need and feasibility of a common timing drift rate to accurately compensate the feeder link delay including feeder link switch operation.
Proposal 2: Residual feeder link timing drift is compensated by the network.
Proposal 3: The common TA value NTA,common is always indicated in SIB. 
· FFS: the value range of NTA,common
Proposal 4: We propose a granularity of the common TA value NTA,common in the order of slot or half slot duration.
Proposal 5: Include the TA margin transparently to the UE in the common TA.
Proposal 6: The UE computes the UE specific TA as the sum of the service link delay on UL and DL. In RRC_CONNECTED state, the UE adds it autonomously on the TA command.
Proposal 7: In RRC_CONNECTED mode and after expiration of the TA timer, a UE triggers the random-access procedure based on GNSS-acquired TA similar to RRC_IDLE with the same timing advance equation.
Proposal 8: Wait for progress on the TA procedure before introducing validity timers for satellite ephemeris and common TA to maintain UL synchronization in NTN. Decide early if this issue may better be handled in RAN2.

Proposal 9: Support the indication of the frequency offset that the UE shall apply for uplink transmissions at least for Earth moving cells. The offset is up to the network implementation and can comprise both DL pre-compensation and UL post-compensation at the network. 
· FFS for Earth fixed cell


	R1-2107065
	MediaTek Inc.
	Observation 1: In case the reference point is at the gNB, broadcast common TA with a SIB periodicity as high a 1 second is not sufficient to maintain accurate UL-UL subframe alignment, which exceeds the cyclic prefix for PUSCH and PUCCH transmission 
Proposal 1: If feeder link timing drift is to be compensated by UE using common TA parameters, the Network may periodically broadcast:
· Common delay 
· Common delay drift rate 
· Common delay drift rate variation 
· Common third order derivative 
Where 
  
· Common delay  is NTA,common  / 2
· Common delay drift rate is  NTA,common,drift, rate / 2
· Common delay drift rate variation is  NTA,common,drift,rate,variation  / 2 
· Common delay third order derivative is NTA,common,drift,thrird_order,derivative  / 2

Granularity and signalling of Common TA Parameters:

Observation 2: If   (16∙64)⁄2^μ ∙T_c is used for GEO, this gives a common delay error of 0.52 us, which exceeds the legacy UE timing error (Te) in TS 38.133.
Observation 3: The maximum range of common TA is 

Proposal 2: The granularity of Common TA is set to be 64⁄2^μ ∙T_c for LEO/MEO/GEO based non-terrestrial access network.

TA update in connected mode
Proposal 3: For closed loop TA update in connected mode, update NTA with  , where TA={0,1,2,…,63} is indicated in MAC CE TA command without any enhancements. 
Observation 4: Inclusion in NTA,UE-specific formula of additional timing in DL between satellite denoted by ds,DL and device and in UL between device and satellite denoted by ds,UL is not necessary. 
Proposal 4: How the UE calculates/update the NTA,common can be postponed discussion until the issue of what common TA parameters are indicated on NTN SIB is concluded.

NTN UE Time Alignment Timers:
Proposal 5: A single time alignment validity timer is configured by the network defines the maximum time during which the UE can apply the satellite ephemeris and common TA parameters without having acquired new satellite ephemeris or common TA parameters.


Indication of common frequency pre-compensation offset on DL service link
Observation 5: Optimization of frequency tracking with AFC algorithm is an essential functionality for NR NTN implementation and would necessitate knowledge of DL common Doppler shift pre-compensation as early as possible during initial synchronization.

Observation 6: DL common Doppler shift pre-compensation is only useful for fc<3GHz DL where it helps reduce the Cell Search range to be within half the raster spacing. For other Frequency ranges, it is not needed. 

Proposal 6: DL common Doppler shift pre-compensation is indicated in MIB if applied.

Observation 7: The UE can determine accurately the DL ARFCN by using its GNSS-acquired location and satellite ephemeris to calculate the Doppler Frequency Shift (DFS) corresponding to the satellite Doppler shift and subtracting it from the DL carrier frequency it synchronized to during initial access.

Observation 8: There are significant benefits in WF3 approach:
· High update rate of DL common frequency parameters NTN SIB by UE is not needed.
· Doppler Frequency shift discontinuity when switching the beam is avoided if DL common frequency compensation is not applied, which greatly simplifies AFC implementation for frequency tracking, cell search and cell measurement.

Proposal 7: DL frequency compensation for the service link Doppler is not supported.

Serving satellite ephemeris format
Observation 9: A UE first coming into coverage of a satellite needs to immediately access if it is paged or if it needs to transmit data. The UE must be able to receive the satellite ephemeris on NTN SIB broadcast with periodicity 0.5s or 1 s. A longer SIB periodicity is not desirable due to short satellite dwell time (~10 minutes)
Observation 10: Signaling of epoch time on NTN SIB requires a payload of approximately 5 bytes.
Proposal 8: Epoch time is implicitly known as a reference time linked to DL subframe where NTN SIB is broadcast. 
Proposal 9: Support satellite ephemeris format bit allocations
· Position and velocity state vector ephemeris format (16 bytes payload). 
· The field size for position [m]  is 78 bits
· The field size for velocity [m/s] is 54 bits
· Orbital parameter ephemeris format (18 byte payload)
· Semi-major axis α [m] is 33 bits
· Eccentricity e is 19 bits
· Argument of periapsis ω [rad] is 24 bits 
· Longitude of ascending node Ω [rad] is 21 bits
· Inclination i [rad] is 20 bits
· Mean anomaly M [rad] at epoch time to is 24 bits


	R1-2107244
	OPPO
	Observation 1: For feeder link delay tracking, when common TA and common TA drift rate are provided to the UE, the UE can track the FL delay up to 3 s assuming tracking error under 1 us. When a second order derivative is additionally provided to the UE, the tracking duration can be increased up to 35 s under the same tracking error assumption. 
Observation 2: a delay between a virtual RP position and the NTN satellite is a time shifted delay of the one between the actual RP position and the NTN satellite. The delay tracking accuracy using a virtual RP position is better than those using common TA, common TA drift rate and second order derivative. 
Observation 3: network providing a virtual RP position does not cause any security issue as the actual RP position is not disclosed. 
Observation 4: Feeder link delay tracking using a virtual RP position can significantly reduce the signaling overhead. 

Proposal 1:TA margin is no longer needed to be discussed. 


Proposal 2: TA updating by MAC-CE or RAR can have the following relationship NTA_new = NTA_old + adjustment, where for TA updated by MAC-CE, the adjustment is and TA is the TAC indication in the range of [0, 63]; for TA updated by RAR, the adjustment is and the TA is the RAR TAC indication in the range of [0, 3846].
Proposal 3: for common TA estimation, support network providing a virtual RP position and a time shift. The UE estimates the common TA based on ephemeris, the virtual RP position and the time shift. 
Proposal 4:  The two ephemeris information formats occupy the same field size with the higher accuracy of Satellite position and velocity state vector.
Proposal 5: A timer about the satellite ephemeris is introduced to ensure the accuracy of   and .
Proposal 6: DL frequency compensation for the service link Doppler is supported.
Proposal 7: RAN1 to clarify: shall a UE continue using a polluted TA for PRACH transmission after receiving a PDCCH order. 

	R1-2107288
	FGI, Asia Pacific Telecom, III, ITRI
	Observation 1	State vectors are favorable in HAPS and ATG deployment, while orbital elements are favorable in satellite deployment. PV state vectors can also be used without any transformation for satellite deployment.
Observation 2	When downlink and uplink frame timing are aligned at gNB, the timing error at gNB is based on SSB and UL SCS configuration, contributed from 1) legacy BS error, 2) UE-specific TA error, 3) error by GNSS accuracy and 4) common TA error.
Observation 3	The UE in RRC CONNECTED mode is only required to acquire SIB1 if the UE can acquire it without disrupting unicast data reception.
Observation 4	UE may require specific UL timing estimation accuracy depending on its propagation model to ephemeris, GNSS positioning accuracy, and curve-fitting model for the feeder link delay.
Proposal 1	For specification to support the delivery of ephemeris information using both ephemeris formats, a default ephemeris format shall be introduced in a way that UE shall at least know the default ephemeris format and NW shall at least broadcast the default ephemeris format in SIB1.
Proposal 2	Common delay, common delay drift, and common delay drift variation provided by NW shall be supported to ensure the common TA error is within 0.02 μs, considering GNSS position accuracy of 30m and UE-specific TA error within 0.012 μs can be achieved.
Proposal 3	If feeder link timing drift is compensated by UE using Common TA parameters, the NW at least broadcasts common delay in SIB1, and the rest of common TA parameters can be signaled via UE-specific RRC messages or NTN SIB provided in an on-demand manner.
Proposal 4	If feeder link timing drift is to be compensated by UE using common TA parameters, the NW may broadcast a series of Common TA parameters with the epoch for UE to estimate gNB’s location.
Proposal 5	The Common TA timer is NOT needed if the curve-fitting algorithm is known by UE and NW. UE and NW shall know the valid prediction period when the common TA parameters are received.
Proposal 6	Common TA Timer may be difficult to be configured if the curve-fitting algorithm used at the UE side is unknown by the NW, e.g., UE may estimate gNB’s location when data is sufficient.
Proposal 7	Deprioritize support of DL frequency compensation for the service link Doppler and send an LS to RAN4 to support a new channel raster with a step size increased to be greater than 100 kHz.
Proposal 8	If DL frequency compensation cannot be supported, RAN1 shall ensure the UL frequency error at the gNB side is within ±0.1 PPM observed for 1ms, according to an LS from RAN4.

	R1-2107342
	Qualcomm Incorporated
	[bookmark: _Hlk54112923]Observation 1: Compensation of feeder link timing drift can impose significant implementation complexity and its feasibility is questionable. It is more efficient to have network compensate feeder link timing drift in a way transparent to UE.
Observation 2: For calculating the TA in RRC_CONNECTED state, always adding the open-loop TA and the closed-loop TA may cause large timing errors due to double correction of timing error caused by UE movement. 
Observation 3: There could be an UL frequency bias between UEs that are frequency synchronized with GNSS and UEs that are frequency synchronized using DL frequency.

Observation 4: The altitude of many satellites relative to the earth center varies much slower than the ECEF coordinates and can be signaled separately from the ECEF coordinates. When the altitude is known, only two ECEF coordinates need to be signaled. 

Proposal 1: Network may broadcast a common timing offset value, X, with the granularity of one slot assuming the subcarrier spacing of the SSB of the cell. 
· NTA,common is derived from X.

Proposal 2: For TA update in RRC_CONNECTED state, consider the following solutions
· The accumulative closed-loop TA is reset to 0 whenever a new GNSS fix is applied in the calculation of  .
· For calculating ., always uses the last GNSS location before the first TA command is received until the UE enters RRC-Idle/Inactive state or hasn’t received a TA command for X (FFS) seconds. 
· For calculating applies filtering to GNSS locations or slew rate control.

Proposal 3: Support closed-loop frequency control commands by MAC-CE.
Proposal 4: Consider group-common DCI for UL time and frequency control.
Proposal 5: For PVT ephemeris, consider signaling the orbit altitude relative to the earth center and two ephemeris ECEF coordinates.

	R1-2107400
	CMCC
	Observation 1: Broadcasting the position of a reference point of the feeder link (GW or gNB position) is beneficial to simplify the time compensation procedures and reduce signaling overhead for frequent update of .
Observation 2: For TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy is feasible.
Observation 3: Security issue can be fixed by broadcasting the position of a reference point of the feeder link with certain artificial bias.
Proposal 1: Regarding feeder link timing drift handling, focus on the concrete design of Option 1.
· Option 1: Feeder link timing drift is compensated by UE using Common TA parameters.
Proposal 2: Regarding feeder link timing drift handling,
· For scenario 1 (RU located at gNB) and scenario 2-a (RU located at gateway, with gateway and gNB co-located), the full feeder link propagation delay (i.e., satellite-to-gNB RTT), including the feeder link timing drift, is compensated by UE using Common TA parameters.
· For scenario 2-b (RU located at gateway, with gateway and gNB located away from each other), part of feeder link propagation delay (i.e., satellite-to-gateway RTT), including the feeder link timing drift, is compensated by UE using Common TA parameters. And another part of feeder link propagation delay (i.e., gateway-to-gNB RTT), which is time invariant, is compensated by network.
Proposal 3: The granularity of Common TA is set to , where  is a reference SCS, which is configured by the network in system information.
Proposal 4: TA margin should be absorbed in common TA configuration, and it should be transparent to the UE.
Proposal 5: For UE-specific TA () determination, the service link delays corresponding to UL and DL signals should both be considered, i.e.,

where  is the corresponding DL service link delay when UE receives the DL signal (e.g., DCI, MAC CE) in UE local time reference, and  is the corresponding UL service link delay of the UL signal to which the UE applies the TA.
Proposal 6: For common TA () determination, the feeder link delays corresponding to UL and DL signals should both be considered, i.e.,

where  is corresponding the DL feeder link delay when UE receives the DL signal (e.g., DCI, MAC CE) in UE local time reference,  is the corresponding UL feeder link delay of the UL signal to which the UE applies the TA, and both  and  are derived from the common TA parameters.
Proposal 7: The legacy MAC CE TA command and the enhanced MAC CE TA command consists of  to be both supported, where,  indicates a delta TA, and indicates a TA drift rate.
Proposal 8: For i-th uplink transmission occasion at  (),  can be determined as

where,
· m is the last received enhanced TA command before .
·  is the m-th accumulated TA command. 
· Note: When UE received the m-th enhanced TA command  at , then it updates the m-th accumulated TA command  as 

Proposal 9: Support broadcasting the position of a reference point of the feeder link with certain artificial bias.
Proposal 10: Indication of common post-compensation frequency offset for Uplink is not needed.

	R1-2107539
	LG Electronics
	Observation 1: It is desirable to set open loop TA control and closed loop TA control as non-conflicting. If not, the conflicts between both TA control methods may occur, and additional UE behaviour might be necessary.
Observation 2. Regarding two satellite ephemeris formats, to reduce the UE implementation complexity, it is preferred that one of these formats can be a mandatory feature and the other can be optional feature.

Proposal 1. Support additional signaling by the network in order to apply proper common TA according to time changes at UE side. Potential solutions can include 
· Alt 1) providing the reference time corresponding to common TA
· Alt 2) providing series of common TA

Proposal 2. Within pre-defined set of TA offsets, the TA offset can be provided by gNB via higher layer signing (e.g., SIB or dedicated RRC signaling). 
· The TA offset can be independently corresponding to different ROs (or RO groups)

Proposal 3. Support implicit reporting of UE specific TA estimated by the UE.
· The different TA (or the range of TA) can be mapped to different ROs (or RO groups).

Proposal 4. 
· At least for the case when the UE is in RRC_IDLE and/or RRC_INACTIVE states, it is reasonable to provide the additional information via semi-static signaling.
· In case when the UE is in RRC_CONNECTED states, it can be considered that the information is provided by dynamic signaling.

Proposal 5. Support separate validity timers for common TA and UE specific TA in Rel-17 NTN.

Proposal 6. RAN1 should discuss how to report the UE specific TA in case when the NTN UE is in RRC_CONNECTED states.

Proposal 7: Define the appropriate TA control method for each TA as follows: 
· Closed loop TA control is applied to common TA (i.e., )
· Open loop TA control is applied to UE specific TA (i.e., )

Proposal 8: Support independent TA update for each TA using independent TA control methods.

Proposal 9. Support validity timing window for satellite ephemeris information in Rel-17 NTN.
· Support independent validity timing windows for two different satellite ephemeris formats


	R1-2107589
	Intel Corporation
	Proposal 1: 
· Support at least common TA drift rate indication
· Alternatively, broadcast of reference point for pre-compensation of feeder link delay can be considered to avoid frequent reconfiguration
· Support indication of Common TA at least with granularity of Rel. 15 TA indication
Observation 1: 
· Separate configuration for TA margin is not needed since it can be considered within common TA
Proposal 2: 
· Support DL frequency pre-compensation for the service link Doppler
· Indication of the applied frequency pre-compensation value is not needed for UL synchronization
· Study the impact of pre-compensation on Handover and RRM
Proposal 3: 
· Validity timers for Common TA and satellite ephemeris are discussed in RAN2


	R1-2108240
	Ericsson
	Observation 1	When calculating the DL service link delay of a signal, ignoring the satellite movement during the signal propagation from satellite to UE will lead to a calculation error of up to 0.25 µs, which corresponds to 5% of the PUCCH/PUSCH CP length for 15 kHz SCS and 43% of the CP length for 120 kHz SCS.
Observation 2	Using a low-complex approximative “two-step” method is sufficient to get a good approximation of the impact of satellite movement on DL service link delay.
Observation 3	All time slots will be misaligned by twice the feeder link delay, if the satellite is used as reference for time requirements.
Observation 4	Using satellite as reference for time requirements severely affects compatibility with existing Rel-16 gNB.
Observation 5	The support of a reference point for time that results in a time-varying DL/UL slot misalignment at the gNB will have significant impact to gNB implementation and result in heavy specification work in other RAN groups.
Observation 6	Drift rate information significantly reduces the signaling load for common delay.
Observation 7	The common delay, D_(common, base), can be signaled with granularity (64/23)Tc using 26 bits.
Observation 8	For a 2nd order approximation of the Common delay, the feeder link RTT approximation error is 10% of the CP length for SCS=120 kHz (i.e., 59 ns) with a 13 second update interval and 10% of the CP length for SCS=15 kHz (i.e., 469 ns) with a 26 second update interval.
Observation 9	For a 3rd order approximation of the Common delay, the feeder link RTT approximation error is 10% of the CP length for SCS=120 kHz (i.e., 59 ns) with an update interval exceeding 30 seconds.
Observation 10	The following levels of quantization for the common delay parameters will not significantly impact the performance of common TA estimation:
- Common delay: 26 bits
- Drift rate: 15 bits
- Drift rate variation: 15 bits
- 3rd order term (if applicable): 15 bits
Observation 11	A quantization for the applied Common TA of (64/23)Tc will not significantly impact the performance of common TA estimation.
Observation 12	Closed-loop TA control can be used to reduce the need to re-acquire common delay parameters.
Observation 13	If the common TA includes a margin for maximum estimation error of the UE-specific TA, and the accuracy requirements of the UE-specific TA are appropriately set, the current unipolar TA command in Msg2 is sufficient, i.e., bipolar TA command or extended TA range is not needed in Msg2.
Observation 14	If the position of a reference point of the feeder link and the UL and DL carrier frequencies of the feeder link are signaled to the UE, the UE can autonomously determine the time and frequency offset of both the service link and the link between the satellite and the reference point of the feeder link, which would simplify the time and frequency compensation procedures.
Observation 15	If the reference point for epoch time for satellite ephemeris is at the gNB transmitter, the network (e.g., the NCC or the gNB) can generate satellite ephemeris with a fixed prediction time offset. The UE can determine the epoch time based on broadcast common TA information and satellite ephemeris.
Observation 16	If the reference point for epoch time for satellite ephemeris is at the satellite transmitter, the network (e.g., the NCC or the gNB) must generate satellite ephemeris with a time-varying prediction time offset, adapted to the feeder link delay. The UE can determine the epoch time based on satellite ephemeris.
Observation 17	If the reference point for epoch time for satellite ephemeris is at the UE receiver, the network (e.g., the NCC or the gNB) cannot accurately predict the satellite ephemeris at epoch time due to the differential delay in an NTN cell. Also, cell-specific ephemeris data for the same satellite might be needed due to differential delay between cells of the same satellite.
Observation 18	If implicit epoch time is used, the gNB may need to know the absolute transmission time of the subframe containing the ephemeris data with an accuracy of 0.6 ms, assuming that the impact of the epoch time inaccuracy on the UE transmission time error should not exceed 5% of the shortest CP length.
Observation 19	Orbit prediction from orbital elements is possible with acceptable accuracy in the order of tens of seconds ahead in time (depending on the required accuracy).
Observation 20	Satellite ephemeris with sufficient accuracy to support timing and frequency offset pre-compensation shall be made available to the NR NTN UE.
Proposal 1	RAN1 to discuss how to take into account satellite movement during DL signal propagation from satellite to UE when defining the UE-specific TA.
Proposal 2	RAN1 to discuss how to take into account satellite movement during UL signal propagation from UE to satellite when defining the UE-specific TA.
Proposal 3	RAN1 to discuss how to take into account satellite movement during signal propagation between gateway and satellite when defining the common TA.
Proposal 4	The reference point for time in an NTN should be under control of the network and should at least support the option of having gNB as the reference point.
Proposal 5	The closed-loop component of the TA, N_TA, should be defined as in Rel-16.
Proposal 6	The fixed TA offset, N_(TA,offset), should be defined as in Rel-16.
Proposal 7	The UE calculates the UE-specific TA (in T_c units) as follows: N_(TA, UE-specific)=d_(s,DL)+d_(s,UL)/T_c  
where d_(s,DL) is the DL service link delay of the signal to which the UE local time reference is synchronized and d_(s,UL) is the UL service link delay of the UL signal to which the UE applies the TA.
Proposal 8	The network broadcasts parameters describing the (one-way) common delay by a polynomial function as follows:
D_common (t)=D_(common,base)+(t-T_(common,base) ) D_(common,drift)+〖(t-T_(common,base))〗^2 D_(common,2nd)
where:
t is the time the signal passes the satellite
T_(common,base) is a reference time of the broadcast common delay that may be implicitly (derived from DL subframe) or explicitly signaled
D_(common, base) is the common one-way delay at time T_(common,base) 
D_(common, drift) is the common one-way delay drift rate
D_(common, 2nd) is the common one-way delay drift rate variation
Proposal 9	The UE determines the common TA (in T_c units) as follows: 
N_(TA, common)=⌊(D_common (t_(sat,DL) )+D_common (t_(sat,UL) ))/(64/2^µ)T_c ⌋(64/2^µ)T_c
where t_(sat,DL) is the time the DL signal to which the UE local time reference is synchronized was relayed by the satellite, and t_(sat,UL) is the time the UL signal to which the UE applies the TA will be relayed by the satellite.
Proposal 10	The granularity of the NTA,common applied by the UE should be 64/2µ to limit its impact to the total timing error budget to less than 1% of the CP length.
Proposal 11	Deprioritize support of Common DL frequency compensation for the service link Doppler shift.
Proposal 12	Support broadcasting a reference point of the feeder link and UE autonomous determination of the time and frequency offset of both the service link and the link between the satellite and the reference point of the feeder link.
Proposal 13	RAN1 to determine the relevance of the case of NTN coverage but no GNSS coverage.
Proposal 14	RAN1 to discuss how to define the reference point for epoch time if implicit epoch time for satellite ephemeris is used.
Proposal 15	RAN1 to discuss the impact of implicit epoch time on gNB.
Proposal 16	RAN1 to study the required accuracy of satellite ephemeris to support timing and frequency offset pre-compensation with accuracy specified by RAN4.

	R1-2107737
	Apple
	Proposal 1: It is up to network implementation on the indication of common TA drift parameters.
· If common TA drift parameters are not indicated, then UE assumes no common TA drift.
· If common TA drift parameters are indicated, then UE pre-compensates the drifted common TA. 
· The common TA timing error is not counted in UE’s uplink timing error budget. 
· Common TA drift parameters include at least common TA drift rate. FFS common TA drift high order derivatives.
Proposal 2: The broadcast common TA is in the unit of .
Proposal 3: The network-controlled common TA  is obtained by,
where is the latest received common TA, is the latest received common TA drift rate (if indicated) and  is the time gap between the latest common TA transmission and the corresponding uplink transmission.
Proposal 4: RAN1 to determine the necessity of specifying TA margin, depending on RAN4’s conclusion. 
Proposal 5: RAN1 to study whether or not introducing the TA drift rate in TA command MAC CE.
Proposal 6: In downlink transmissions, support gNB pre-compensates and indicates a frequency offset for the service link Doppler shift with respect to a reference point.
Proposal 7: UE only pre-compensates its estimated Doppler shift on the service link in its uplink transmissions, and additional network indication of frequency offset to be pre-compensated by UE is not supported.
Proposal 8: RAN1 to discuss the field size for each ephemeris parameter after receiving RAN4 response on timing synchronization requirements. 

	R1-2107776
	ZTE
	Observation 1: The required bit size for broadcasting of TA parameters for LEO is:
· one common TA in a field of 22 bits; 
· one first order drift rate in a field of 14 bits;
· one second order drift rate in a field of 11 bits if supported;
Observation 2: The required bit size for broadcasting of TA parameters for GEO is 25 bits.
Observation 3: The upper bound of periodicity for satellite information updates is up to 120 s with only consideration on the Doppler shift error by assuming the error range within 0.1 ppm.
Observation 4: The upper bound of periodicity for satellite information updates is up to 25 s with only consideration on the TA error by assuming the error range within Te/2.
Proposal 1: First and second order common TA drift rates should be supported along with common TA.
Proposal 2: Following solutions can be considered to further optimize the overhead of signaling:
· Indication of third order common TA drift rate.
· Indication of multiple set of {common TA, first order drift rate, second order drift rate} with different applicable timing

Proposal 3: The signaling granularity of common TA can be chosen as . The signaling granularity of first order drift rate can be chosen as 2.78*10-3 us/s. The signaling granularity of second order drift rate can be chosen as 2.84*10-4 us/s2.
Proposal 4: In RRC_CONNECTED state, the applied TA can be determined as by assuming the support for the 2nd order of TA drift:

,
where
· 

· 

  is the service link TA at activation time of ephemeris, and  is the variation of service link TA between activation time of ephemeris and UL transmission time, which can be estimated by UE based on GNSS and indicated information.
· 

· 




 is the broadcast common TA,  and  are the first and second order common TA drift rate indicated by BS,  is the interval between activation time of broadcast common TA and DL transmission time of scheduling information, and  is the interval between DL transmission time of scheduling information and UL transmission time.
· 

· 
 is indicated in MAC CE TA command.
Proposal 5: Indication of valid time for assistance information broadcast from BS, e.g., common TA parameters and ephemeris data, should be supported with tradeoff between accuracy and UE’s complexity for SIB monitoring.
Proposal 6: The activation time instant of assistance information can be implicitly known as a reference time linked to DL subframe where the initial SIB carrying the assistance information is broadcast.
Proposal 7: An index associated to the SIB delivering the assistance information is needed to enable the derivation of active time for assistance information.
Proposal 8: The valid time length can be broadcast along with assistance information. A coarse signaling granularity can be applied, e.g., a SIB period.
Proposal 9: Validity timers should be defined for assistance information, e.g., common TA parameters and ephemeris data. The timer should be started/restarted when the updated assistance information is activated and the duration should be set according to indicated valid time. Upon expiry of timer, the UL synchronization is assumed to be lost.
Proposal 10: Explicitly defined GNSS measurement gap should be supported with the benefits to ensure the accuracy for UL pre-compensation and interference mitigation.
Proposal 11: The indication of a single frequency offset is sufficient to address issues for both DL and UL.
Proposal 12: To enabling the UL synchronization for frequency, network should periodically broadcast the amount of frequency compensation in a 12 bit field when DL pre-compensation frequency offset and UL post-compensation frequency offset on service link can be different.
Proposal 13: For the format based on state vectors, use relative position in ephemeris indication to reduce UE power consumption and signalling overhead, at least for HAPS.
Proposal 14: For the format based on orbital elements, following methods can be considered to further optimize the signaling load:
· Indicate the first five parameters and the associated index to the UEs as reference ephemeris 
· Use delta correction in the form of PVT.
Proposal 15: The upper bound of periodicity for satellite information updates should be less 25 s based on the defined TA error range from RAN4.

	R1-2107856
	NTT DOCOMO, INC.
	Observation 1: The requirements of estimation error of common TA for both SCS 15kHz and 120kHz can be satisfied in the following two cases:
· Case 1: Set 1 (i.e., Common TA and common TA drift rate) are broadcasted and UE acquires the new broadcasting parameters every 0.5sec.
· Case 2: Set 2 (i.e., Common TA, common TA drift rate and common TA drift variation rate) are broadcasted and UE acquires the new broadcasting parameters every 4sec.
Observation 2: Under given requirement of maximum TA error, there is a tradeoff between the broadcast parameters and valid_duration.
· Note: valid_duration indicates the time period during which the common TA parameters are valid and accurate TA satisfying TA error requirement can be obtained at the UE side. UE should not re-acquire or can skip re-acquiring new common TA parameters in valid_duration after an acquirement timing.
Observation 3: In the case with small valid_duration, e.g., 0.5sec,
· For common TA parameters, the same granularity as in 5G NR, i.e., option 1 with , is enough. 
· For common TA drift rate, higher granularity can reduce TA error but the gain is limited.
· For common TA drift variation rate, the gain is limited even with the highest granularity of option 3.
Observation 4: In the case with large valid_duration, e.g., 4sec, common TA parameters in Set 2 with following granularity should be considered to satisfy the error requirement.
· Common TA: The same granularity as in 5G NR, i.e., option 1 with 
· Common TA drift rate: Higher granularity, e.g., option 2 with .
· Common TA drift variation rate: Highest granularity, e.g., option 3 with .
Observation 5: Non-uniform valid_duration can reduce the TA error.
Proposal 1: If the feeder link timing drift is to be compensated by the UE, at least following common TA parameters can be indicated by the network:
· Common TA
· Common TA drift rate
Proposal 2: For small valid_duration, the granularity of Common TA parameters is set to the same as the granularity of NTA, . 
· Common TA: 15bits payload for SCS 15kHz, 18bits payload for SCS 120kHz
· Common TA drift rate: 7bits payload for SCS 15kHz, 10bits payload for SCS 120kHz
Proposal 3: For large valid_duration, different granularities can be used for multiple common TA parameters.
· Common TA with granularity : 15bits payload for SCS 15kHz, 18bits payload for SCS 120kHz
· Common TA drift rate with granularity : 9bits payload for SCS 15kHz, 12bits payload for SCS 120kHz
· Common TA drift variation rate with granularity : 5bits payload for SCS 15kHz, 8bits payload for SCS 120kHz
Proposal 4: Common TA parameters can be broadcasted in broadcasting information, e.g., SIB.
Proposal 5: Valid_duration can be indicated to UE, during which UE assumes common TA parameters are valid.

	R1-2107890
	CAICT
	Observation1:  might encounter the issue of being outdated due to large propagation delay in NTN.
Proposal1:  FFS the way of  changing in NTN , which might quite different from the way in TN.
Observation2: The way of updating  should be independent with the parameter  in our view. Otherwise, it will introduce negative impact on the accuracy of TA if  and  interact with each other. 
Proposal 2:  is suggested to be updated through the same way as being calculated for the initial random access, for achieving consistent dependency between  and . 
Observation3: The indicator to carry   and the associated drift rate has not been discussed in detail.
Proposal3: FFS the indicator to carry   and the associated drift rate. 
Observation4: TA can be reported in implicitly or explicitly way, and during or after the random access procedure.
Proposal4: The TA granularity and signalling cost for TA reporting should be discussed first. If coarse TA, i.e., TA range is enough to enhance the UL scheduling efficiency, mechanism of reporting TA implicitly is preferred to further reduce signalling cost.

	R1-2107919
	Xiaomi
	Proposal 1: With consideration on the signalling overhead, the large granularity of  i.e.  is preferred. 
Proposal 2: When the common TA is not broadcasted by network, the UE should assume that    .
Proposal 3: The common timing drift rate indicated by network should be supported.
Proposal 4: Validity timers configured for   and  should be introduced.  
Proposal 5: Pre-compensation value for DL frequency should be indicated by network.
Proposal 6: The residual offset value of UL frequency at the reference point should be indicated by network.


	R1-2107945
	Lenovo, Motorola Mobility
	Proposal 1: Support the granularity of to be same as granularity of TA command for both GEO and LEO/MEO scenario: .
Proposal 2: Study mechanisms to resolve the contradiction between open loop and close loop TA control. The mechanism can be to define a time instance to determine TAC in the MAC CE.
Proposal 3: Support indication of common timing offset drift rate and indication of drift rate variation.
Proposal 4: Support indication of TA validity timer value in the TA indication signaling

	R1-2108032
	InterDigital, Inc.
	Observation-1: Due to fast movement of LEO satellites, a coordinate-based ephemeris representation will become quickly obsolete and require frequent updates.
Observation-2: Over the timescales of initial access, error to orbital prediction introduced by e.g., atmospheric drag is relatively minor and should allow sufficiently accurate estimates for timing pre-compensation.

Proposal-1:	Ephemeris format is determined based on NTN scenario without indication.
Proposal-2:	State vector is used for GEO/HAPS and orbital elements is used for LEO.


	R1-2108073
	Fraunhofer IIS, Fraunhofer HHI
	Observation 1: Signaling the 2nd and 3rd order drift rate parameters improve the common TA estimation at the UE side substantially.
 Proposal 1: RAN1 to consider the signaling of higher order drift rate parameters by the network for compensation of the feeder link delay drift at the UE side.  


	R1-2108091
	Nokia, Nokia Shanghai Bell
	Observation 1: The UE GNSS-based time pre-compensation has the main purpose to guarantee that the initial random access attempt falls into the time window for the RACH occasion as defined by the gNB and minimize the interference to adjacent UL time symbols. Frequency pre-compensation shall ensure that the Doppler effect is mitigated so that the preamble can be received without inter-carrier/-user interference.
Observation 2: There are several sources of inaccuracy in acquiring time and frequency synchronization between UE and gNB by using GNSS information: lag of the ephemeris information, precision of the ephemeris data, GNSS inaccuracy, orbit perturbations and altitude modelling, delay on GNSS acquisition and information conversion at the UE and atmospheric delays.
Observation 3: Full reliance on third part GNSS systems leaves the 3GPP system exposed to vulnerabilities that cannot be solved by enhancements of 3GPP standards or device implementation.
Observation 4: For RRC idle, inactive and connected mode, using referenceTimeInfo-R16 and GNSS-provided time reference to calculate TA at the UE will suffer less from the satellite movement, location errors and timing errors compared to GNSS location-based method.
Observation 5: Information on Common TA drift rate and Common TA drift rate variation is beneficial for tracking the Common TA over time.
Observation 6: UE can estimate the common TA drift rate and common TA drift rate variation from multiple SIB readings of common TA.
Observation 7: The UE can also estimate the service link TA drift rate and drift rate variation from multiple SIB readings of satellite positions. 
Observation 8: The cyclic prefix of the random access preamble must be able to cover the aggregate contribution of all sources of time inaccuracy and multipath propagation delays.
Observation 9: The long preamble formats provide a more relaxed CP constraint but a more stringent frequency Doppler pre-compensation constraint, especially considering the very high speed observed in LEO deployments and the usage of high frequency bands.
Observation 10: Operation of closed loop and open loop TA control in RRC connected state needs careful design to avoid instability due to erroneous calculation of the UE-specific TA value by the UE.
Observation 11: For earth-moving cells the common frequency offset caused by Doppler shift on the service link as observed at a reference location in the cell is constant over time.
Observation 12: For earth-fixed cells the common frequency offset caused by Doppler shift on the service link as observed at a reference location in the cell changes with time.
Observation 13: UE frequency adjustment based on GNSS-acquired frequency reference, DL signals and the time provided by referenceTimeInfo-R16 is less sensitive to location errors compared to GNSS location-based method and allows for compensating hardware impairments as well.
Observation 14: Indication of common frequency offset on the service link for UL frequency alignment is beneficial  for UEs in case of GNSS loss or inavailability.
Observation 15: UE-specific closed-loop control for RRC connected mode may ensure UE frequency alignment for UL transmission in case of UE GNSS loss.
Observation 16: The currently agreed list of Set2 ephemeris parameters are not sufficient for the UE to determine the current exact location of the satellite along an orbit.
Observation 17: The update rate at which the Set1 satellite ephemeris location information is available at the UEs, combined with the UE GNNS location accuracy, is a critical factor in the overall achievable location accuracy, and the RAN1 mechanisms depending on it.

Proposal 1: Any UE should only attempt to access the 5G system over NTN for situations where it is absolutely sure that proper time and frequency compensation is applied.
Proposal 2: For RRC idle, inactive and connected mode, self-estimated UE-specific TA estimation based on GNSS-provided time reference and the time provided by referenceTimeInfo-R16 should be standardized as well.
Proposal 3: The Common TA value in SIB is sufficient for common TA tracking.
Proposal 4: It should be left up to the gNB to decide whether and how often to broadcast the Common TA drift rate.
Proposal 5: Common TA drift rate variation indication is not supported.
Proposal 6: Consider excluding satellite velocity from the ephemeris data or making it optional.
Proposal 7: The GNSS-assisted pre-compensation solution used by the UE shall meet the demands of the preamble format chosen by the operator. The UE shall ensure that requirements in TA adjustment and frequency pre-compensation for all preamble formats are met at any time.
Proposal 8: There is no need to support a TA margin. Any uncertainty related to TA should be covered by the Common TA value and the CP of the random access preamble.
Proposal 9: Confirm the working assumption on non-extension of  TAC 12-bit field in msg2 (or msgB) and that the UE follows the requirements on UL time pre-compensation for Msg1/MsgA transmission as defined by RAN4.
Proposal 10: The TAC value definitions for msg2/msgB remain the same as for NR in Rel.16. 
Proposal 11: The update rate that the UE applies for both the UE-specific TA and Common TA should be such that the applied TA fulfilles the RAN4 time synchronization requirements.
Proposal 12: The Common TA should be calculated in a deterministic way and applied at the same time for all UEs.
Proposal 13: For UE in RRC connected mode, in case closed loop TA control is used, open loop TA control should be applied only in a way that does not impact the stability and accuracy as provided by closed loop TA control.
Proposal 14: A validity timer configured by the network for both satellite ephemeris data and Common TA defines the maximum time during which the UE can apply the satellite ephemeris and Common TA without having acquired new satellite ephemeris and Common TA parameters.
· This validity timer is restarted each time the UE correctly decodes new satellite ephemeris and Common TA information.
· The UE assumes that it has lost uplink synchronization if the timer expires.
Proposal 15: The UEs are configured so that they can autonomously adjust the value of the validity timer based on a set of parameters.
· The default value of the validity timer is provided by the gBN.
· The UE adjusts its validity timer value based on a set of UE-specific parameters.
Proposal 16: In the downlink a common frequency offset on service link is pre-compensated to limit the UE search space for the synchronization signals.
Proposal 17: The amount of common frequency pre-compensation in downlink in a cell shall be indicated to the UE and thereby be used for determining the amount of uplink frequency pre-compensation. 
Proposal 18: A common signaling should be used to indicate the amount of applied frequency pre-compensation in downlink for both earth-moving and earth-fixed cells. 
Proposal 19: Common signaling for indicating frequency pre-compensation should be provided as part of SIB.
Proposal 20: UE frequency adjustment based on GNSS-acquired frequency reference, DL signals and the time provided by referenceTimeInfo-R16 has benefits and should be standardized as well.
Proposal 21: Study whether indication of common frequency offset on the service link should be enabled for UE frequency alignment in UL in case of GNSS loss.
Proposal 22: Study whether UE-specific closed-loop control for RRC connected mode should be enabled for UE frequency alignment in UL in case of GNSS loss.
Proposal 23: Include at least the true anomaly at epoch t0 (or equivalent) parameter as part of the Set2 parameters and consider it as delta correction parameter which needs to be updated and signalled more frequently compared to the other Set2 parameters.
Proposal 24: The Set1 and Set2 satellite ephemeris data may have different update rates.
Proposal 25: The epoch time is explicitly indicated along with ephemeris data.
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