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3GPP TSG-RAN WG1 agreements under 8.4 up to RAN1#108-e are captured in [1, R1-2202910].
In this contribution, we discuss the remaining issues related to uplink time and frequency synchronization including the following aspects:
· CRs/TPs for 3GPP TS 38.213
· CRs/TPs for 3GPP TS 38.211
· Combination of open and closed loop TA control
· Ambiguity in interpretation SFN indicating Epoch time
· UE behavior w.r.t Validity timer expiry
· Maintenance on TACommonDriftVariation value range
· NTA at Initial access

CRs/TPs for 3GPP TS 38.213
The proposal on the TP for TS 38.213 capturing the formula of one-way propagation delay ( ) was extensively discussed during RAN1#108-e [2] but not endorsed. 
From our perspective, the formula of   agreed in RAN1#107-e is essential because it provides how the UE interprets/uses the Common TA related parameters indicated by the Network. It is also used by the UE to compute/derive the . Therefore, the agreement on  made at RAN1#107e-meeting should be captured in the specifications. TS 38.213 is the right place for that. Nevertheless, how the UE derives the  from  might be left to the UE implementation and thereby, it is not needed to be captured in the specs. We propose the following TP with new/added text in blue color.

Proposal 1
Adopt the following TP for 3GPP TS 38.213:

	--------------------------------- Start of TP for 3GPP TS 38.213 ----------------------------------
[bookmark: _Toc97240249]4.2  Transmission timing adjustments
<Unchanged Text Omitted>
A UE can be provided a value of a timing advance offset for a serving cell by n-TimingAdvanceOffset for the serving cell. If the UE is not provided n-TimingAdvanceOffset for a serving cell, the UE determines a default value of the timing advance offset for the serving cell as described in [10, TS 38.133]. 
If a UE is configured with two UL carriers for a serving cell, a same timing advance offset value  applies to both carriers. 
Upon reception of a timing advance command for a TAG, the UE adjusts uplink timing for PUSCH/SRS/PUCCH transmission on all the serving cells in the TAG based on a value that the UE expects to be same for all the serving cells in the TAG and based on the received timing advance command where the uplink timing for PUSCH/SRS/PUCCH transmissions is the same for all the serving cells in the TAG. 
For a band with synchronous contiguous intra-band EN-DC in a band combination with non-applicable maximum transmit timing difference requirements as described in Note 1 of Table 7.5.3-1 of [10, TS 38.133], if the UE indicates ul-TimingAlignmentEUTRA-NR as ‘required’ and uplink transmission timing based on timing adjustment indication for a TAG from MCG and a TAG from SCG are determined to be different by the UE, the UE adjusts the transmission timing for PUSCH/SRS/PUCCH transmission on all serving cells part of the band with the synchronous contiguous intra-band EN-DC based on timing adjustment indication for a TAG from a serving cell in MCG in the band. The UE is not expected to transmit a PUSCH/SRS/PUCCH in one CG when the PUSCH/SRS/PUCCH is overlapping in time, even partially, with random access preamble transmitted in another CG.
Using higher-layer ephemeris parameters for the serving satellite, if configured, the UE calculates , using serving satellite position and its own position, to pre-compensate the two-way transmission delay on the service link.
To pre-compensate the two-way transmission delay between the uplink time synchronization reference point and the satellite, is derived by the UE based on  ,which can be obtained as:

where  is the epoch time of the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation.
This  gives the distance at time  between the satellite and the uplink time synchronization reference point divided by the speed of light.

The uplink time synchronization reference point is the point at which DL and UL are frame aligned with an offset given by .
For a SCS of [image: cid:image039.png@01D82EED.31ED45F0] kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing for the TAG in multiples of [image: cid:image040.png@01D82EED.31ED45F0]. The start timing of the random access preamble is described in [4, TS 38.211].

---------------------------------- End of TP for 3GPP TS 38.213 ---------------------------------



CRs/TPs for 3GPP TS 38.211
The following proposal was also discussed in RAN1#108-e [2]. But it was not agreed as it was conditioned on the approval of the text proposal for 3GPP TS 38.213. In our view, the above TP for 3GPP TS 38.213 and the following TP for 3GPP TS 38.211 (with new/added text in blue color) shall be captured in the specifications.

Proposal 2 
Adopt the following TP for 3GPP TS 38.211:

	
---------------------------------- Start of TP for 3GPP TS 38.211 ----------------------------------
3.1          Frames and subframes
<Unchanged Text Omitted>

Uplink frame number [image: cid:image003.png@01D82EED.31ED45F0] for transmission from the UE shall start  

before the start of the corresponding downlink frame at the UE where 
-  and  are given by clause 4.2 of [5, TS 38.213], except for msgA transmission on PUSCH where  shall be used;
-       given by clause 4.2 of [5, TS 38.213] is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured, otherwise ;
-      given by clause 4.2 of [5, TS 38.213] is computed by the UE based on satellite-ephemeris-related higher-layers parameters if configured, otherwise .

---------------------------------- End of TP for 3GPP TS 38.211 -----------------------------------




Combination of open and closed loop TA control
RAN4 provided further updates on agreements about double-correction issue in [3, R1-2203020]. As per RAN4 agreement (recopied hereafter) the framework of gradual timing adjustment requirement is used to alleviate the impact of double-correction in NTN. 

	Gradual timing adjustment requirement [R4-2206905]:
Agreement:
· When the transmission timing error between the UE and the reference timing exceeds ±Te_NTN then the UE is required to adjust its timing to within ±Te_NTN. 
· The reference timing shall be (NTA+NTA,UE-specific+NTA,common+NTA,offset)×Tc before the downlink timing of the reference cell. 
· All adjustments made to the UE uplink timing shall follow these rules:
· The maximum amount of the magnitude of the timing change, apart from a change of NTA,UE-specific due to satellite position update and NTA,common between the previous transmission and the current transmission, in one adjustment shall be Tq.
· The minimum aggregate adjustment rate, apart from a change of NTA,UE-specific due to satellite position update and NTA,common during the last one second, shall be Tp per second.
· The maximum aggregate adjustment rate, apart from a change of NTA,UE-specific due to satellite position update and NTA,common during the last 200ms, shall be Tq per 200 ms.
· where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table.
· The maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table below.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq 
	Tp 

	1
	15
	[5.5]*64*Tc
	[5.5]*64*Tc

	
	30
	[5.5]*64*Tc
	[5.5]*64*Tc

	
	60
	NA
	NA

	NOTE:	Tc is the basic timing unit defined in TS 38.211 



· (Note) Te_NTN is a timing error limit of NTN UE initial transmission timing error.



 Proposal 3: On combination of open and closed loop TA control, no further discussion is needed at RAN1.
As the framework of gradual timing adjustment requirement is used to alleviate the impact of double-correction of UE uplink timing in NTN (RAN4 reply LS [R1-2203020]).

Ambiguity in interpretation of SFN indicating Epoch time
The issue on a potential ambiguity in the interpretation of the SFN indicating Epoch time was discussed for the first time at previous RAN1 meeting [2]. The following two options were discussed:
Option 1: If indicated explicitly by a SFN and subframe number, the UE considers this frame to be the frame which is nearest to the frame where the message is received.
Option 2: Indicated SFN for Epoch time is current SFN or  the next upcoming SFN after the frame where the message indicating the Epoch time is received.
With option 1, the epoch time could be in the past as shown in Figure 1 below, that is; the time at which the assistance information is valid for comes before SIB19-r17 (carrying ephemeris data & common TA parameters) is received. Adopting this option means that the network may indicate outdated assistance information and the main drawback would a reduced validity duration. By considering the agreement from RAN1#106-bis-e: NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information. Option 1 means also that the validity timer is started/restarted at an epoch time which is the past!
In our view, Option 1 is not an appropriate solution to this issue. Instead, option 2 can be used to resolve the ambiguity in interpretation of SFN indicating Epoch time. We made the following proposal:
Proposal 4: 
Indicated SFN for Epoch time is current SFN or the next upcoming SFN after the frame where the SIB19-r17 indicating the Epoch time is received.

[image: ]
Figure 1 Ambiguity in the interpretation of SFN indicating Epoch time

UE behavior w.r.t Validity timer expiry
To maintain uplink time synchronization, an NTN UE should decode the SIB19-r17 to acquire new serving satellite ephemeris and common TA parameters before expiry of validity duration related timer.
If the UE does not read the ephemeris within the validity duration, such as the case of UE1 in Figure 2, the UE behavior is clear based on the following two agreements:
· RAN1#106-bis-e agreement: The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration
· RAN2 agreement: Upon validity timer expiry, UE shall suspend uplink transmission and re-acquire SI (FFS whether or not UE needs to flush HARQ buffer).

For UE1, new assistance information is not available before expiry of the UL validity timer. Uplink sync is lost and UE1 needs to wait next SI period: Periodicity of SIx window assigned to SIB19-r17 (given in # radio frames: 8, 16, 32, 64, 128, 256, 512) should be configured to small value to reduce the access latency.
Furthermore, it could be a case such for UE2 in Figure 2 where UE2 has obtained new serving satellite ephemeris and Common TA related parameters prior to the time of the validity timer expiring and before new Epoch time is reached. This was discussed during last RAN1 meeting but no workaround was agreed.
This is a valid issue that needs to be re-discussed and resolved in current RAN1 meeting. Although UE2 can suspend uplink transmission and wait for time tm (see Figure 2 below) to re-acquire new SIB19-r17, this is not an optimal solution as UE has already obtained fresh assistance information before expiry of validity timer.
From our perspective, the UE should be allowed to maintain its UL synchronization until the new Epoch time is reached. And the UE should always apply new assistance information obtained within uplink sync validity duration.
We then made the following two proposals:

Proposal 5:
· The UE should re-acquire new assistance information before expiry of UL validity timer.
· If a UE has obtained new serving satellite ephemeris and Common TA related parameters prior to the time of the validity timer expiring and the validity timer expires before new Epoch time is reached, the UE is allowed to maintain its UL synchronization until the new Epoch time is reached. For this, the time interval from the expiration of the validity timer until the new Epoch time must not be larger than the new validity duration. In this case: 
· The UE suspends the timer during this period such that it does not expire, and restarts the validity timer at the new Epoch time.
Note : UE should always apply new assistance information obtained within uplink sync validity duration.

[image: ]
[bookmark: _Ref101688581]Figure 2 UE behavior w.r.t Validity timer expiry

Proposal 6: If Proposal 5 is agreed, RAN1 to send an LS to RAN2 to inform RAN2 about the solution agreed in RAN1 to clarify UE behavior when a UE has obtained new serving satellite ephemeris and Common TA related parameters prior to the time of the validity timer expiring and the validity timer expires before the new Epoch time is reached.

Maintenance on TACommonDriftVariation value range
The granularity and value ranges of common TA parameters were defined/agreed at RAN1#107-e. According to RAN1#107-e agreement, TACommonDriftVariation (the 2nd order derivative of Common TA) can be only positive. Such positive values and value range are appropriate in case of LEO based NTN. In case of GEO based NTN, NTACommonDriftVariation can be negative. The support of negative values for TACommonDriftVariation was discussed in previous RAN1 meeting. It was proposed [2] to add 1 bit for allowing support of negative TACommonDriftVariation values for GEO. But there was no consensus and the issue is still open [2].
We observed based on simulations that in case of GEO the TACommonDriftVariation can be negative as shown in Figure 3. 
In case of GEO based NTN, NTACommonDriftVariation can be negative. Therefore, if NTACommonDriftVariation is to be indicated in case of GEO, negative TACommonDriftVariation values shall be supported.

Further, according to simulations results depicted in Table 1 and Table 2 the indication of  TACommonDriftVariation might be beneficial only in case of longer prediction time of common delay. For example, Common delay can be predicted 2 hours ahead with maximum error of 1.6 µs when TACommon and TACommonDrift are indicated. When TACommonDriftVariation is also broadcast, this common delay estimation error is reduced to 0.1 µs. However, for shorter prediction time e.g. < 900s, indicating TACommonDriftVariation does not improve common delay prediction: the maximum Common Delay error is almost the same with or without TACommonDriftVariation indication.
It was agreed in previous RAN1 meeting [2] that the maximum NTN validity duration value for GEO that can be configured by the Network is 900s. Therefore, the indication of NTACommonDriftVariation is not needed in case of GEO based NTN. 
Proposal 7: NTACommonDriftVariation is not indicated in case of GEO based NTN.

[image: ]
[bookmark: _Ref101605285]Figure 3 TACommonDriftVariation value range - GEO

[bookmark: _Ref101606277]Table 1 Common Delay error (µs) with fitting – TACommonDriftVariation not indicated - GEO
	Prediction time (s)
	TACommon and TACommonDrift are indicated

	
	Max (µs)
	Mean (µs)
	Std Deviation (µs)

	300
	0.091
	0.011
	0.023

	900
	0.104
	0.012
	0.030

	1800
	0.168
	0.018
	0.065

	3600
	0.423
	0.016
	0.246

	7200
	1.666
	0.006
	1.002



[bookmark: _Ref101606300]Table 2 Common Delay error (µs) with fitting – TACommonDriftVariation indicated- GEO
	Prediction time (s)
	TACommon, TACommonDrift and TACommonDriftVariation are indicated

	
	Max (µs)
	Mean (µs)
	Std Deviation (µs)

	300
	0.091
	0.011
	0.022

	900
	0.092
	0.011
	0.023

	1800
	0.093
	0.011
	0.023

	3600
	0.098
	0.012
	0.027

	7200
	0.164
	0.015
	0.064



Based on the above, the description of TACommonDriftVariation should be updated as follows: 
	Parameter name in the spec
	Description
	Value range

	TACommonDriftVariation
	Indicate drift rate variation of the common TA
The granularity of TACommonDriftVariation is 0.2×10^(-4)  μs⁄s^2.
Value  are given in unit of corresponding granularity.
NTACommonDriftVariation is not indicated in case of GEO based NTN.
	0…28949 (i.e. 0…0.5894 μs⁄s^2 )



NTA at Initial access
The issue related to a possible initial TA overcompensation was discussed during past RAN1 meetings. Introducing a TA margin might be a potential solution but in  RAN1#106-b-e meeting RAN1 it was concluded to not define a TA margin. Further. the following Working assumption was made at RAN1#107-e:
	Working assumption:
When TAC () in msg2/msgB is received. UE receives the first adjustment and  is updated as:
· Option 1: . 
Where.  is the TAC field in msg2/msgB




Meaning that there is no need to make any enhancement on  derivation when the UE receives the first TA adjustment within msg2/msgB.
From our perspective if the UE does not delay its initial transmission (at least by + Te_NTN) there might be two issues: issue (i) and/or issue(ii):
Issue (i): Performance impact (unwanted interference with previous PRACH occasion or UL PUSCH/PUCCH)
W.r.t (i) and as highlighted by some companies (e.g. ZTE- R1-2008851). negligible impacts due to the pre-compensation error (+/-Te_NTN) can be observed. One may conclude that the margin delay introduction for initial transmission might not be needed as long as the initial transmission requirement is satisfied (within  +/-Te_NTN).
Issue (ii): The value of TAC in RAR would need to support negative value. Indeed. as per RAN4 requirement: When the transmission timing error between the UE and the reference timing exceeds ±Te_NTN then the UE is required to adjust its timing to within ±Te_NTN. If the UE advances its initial transmission by + Te_NTN. RAN1 may need to clarify the behavior of gNB and define/clarify the adjustment to be sent in TAC/RAR. 
In our view. Issue (ii) can be solved by UE implementation e.g. the UE may systematically delay its PRACH preamble transmission by + Te_NTN. Further. this man-made error does not need to be taken into account as an old  value. The closed loop TA control via MAC CE TAC will be used to make further adjustment of   if deemed necessary.
We therefore propose to confirm the working assumption made at RAN1#107-e:
Proposal 8: 
Confirm the following working assumption made at RAN1#107-e:
When TAC () in msg2/msgB is received. UE receives the first adjustment and  is updated as:
. 
Where.  is the TAC field in msg2/msgB

Conclusion
In this contribution. we made the following observations and proposals:
Observation 1.	 In case of GEO based NTN, NTACommonDriftVariation can be negative. Therefore, if NTACommonDriftVariation is to be indicated in case of GEO, negative TACommonDriftVariation values shall be supported.
[bookmark: _GoBack]Proposal 1:
Adopt the TP for 3GPP TS 38.213 given in section 2 of this contribution
Proposal 2:
Adopt the following TP for 3GPP TS 38.211 given in section 3 of this contribution
Proposal 3: On combination of open and closed loop TA control, no further discussion is needed at RAN1. As the framework of gradual timing adjustment requirement is used to alleviate the impact of double-correction of UE uplink timing in NTN (RAN4 reply LS [R1-2203020]).
Proposal 4: 
Indicated SFN for Epoch time is current SFN or the next upcoming SFN after the frame where the SIB19-r17 indicating the Epoch time is received.
Proposal 5:
· The UE should re-acquire new assistance information before expiry of UL validity timer.
· If a UE has obtained new serving satellite ephemeris and Common TA related parameters prior to the time of the validity timer expiring and the validity timer expires before new Epoch time is reached, the UE is allowed to maintain its UL synchronization until the new Epoch time is reached. For this, the time interval from the expiration of the validity timer until the new Epoch time must not be larger than the new validity duration. In this case: 
· The UE suspends the timer during this period such that it does not expire, and restarts the validity timer at the new Epoch time.
Note : UE should always apply new assistance information obtained within uplink sync validity duration.

Proposal 6: 
If Proposal 5 is agreed, RAN1 to send an LS to RAN2 to inform RAN2 about the solution agreed in RAN1 to clarify UE behavior when a UE has obtained new serving satellite ephemeris and Common TA related parameters prior to the time of the validity timer expiring and the validity timer expires before the new Epoch time is reached.
Proposal 7: 
NTACommonDriftVariation is not indicated in case of GEO based NTN.
Proposal 8: 
Confirm the following working assumption made at RAN1#107-e:
When TAC () in msg2/msgB is received. UE receives the first adjustment and  is updated as:
. 
Where.  is the TAC field in msg2/msgB.
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