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1. Introduction
At the RAN1#104bis-e meeting, a unified TA calculation formula was agreed [1].
	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.



In this contribution, we will provide our views on the remaining issues of common TA parameters, common TA update, validity timers and serving satellite ephemeris format.

2. Issue#1: Indication of Common TA drift parameters
In RAN1#106bis-e meeting, there were agreements below [2].
	Agreement:
Confirm the working assumption: Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.
Agreement:
In NTN, the Network may optionally indicate one or more of the following parameters:
· Common TA, Common TA drift rate and Common TA drift rate variation.
· FFS: Common TA third order derivative.
· FFS: Details of combination of Common TA parameters


In this section, we will discuss the two FFSs on the common TA parameters which hadn’t been addressed on last meeting.

2.1. Issue#1-1: Common TA third order derivative
In order to confirm whether common TA third order derivative is necessary, some evaluations are carried out based on the agreed parameters in the previous meeting as shown in Figure 1. Two validity durations are considered, i.e., 10 seconds and 15 seconds. Due to the lack of the values of timing requirement, CP/4 discussed in [3] is used as the timing requirement in the evaluation.
The results in Figure 1 show that with Common TA, Common TA drift rate and Common TA drift rate variation, the timing requirement can be satisfied for validity duration of 10 seconds. With the increase of validity duration, more parameters may be needed with higher payload. Considering that this is a tradeoff between the validity duration and payloads, we think that current agreed parameters are enough for moderate validity duration.
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[bookmark: _Ref86409138]Figure 1 TA error for LEO-600km under different parameters and 10 or 15 second validity duration
Observation 1: With the validity duration of 10 seconds, Common TA, Common TA drift rate and Common TA drift rate variation are enough for LEO-600km for FR1. Common TA third order derivative is needed LEO-600km for FR2.
Proposal 1: Common TA third order derivative is optionally supported based on the validity duration and carrier frequency.

2.2. Issue#1-2: Details of combination of Common TA parameters
In the previous meeting, it was agreed that one or more of the Common TA parameters may be indicated by the Network. As the FL recommends [4], the details of combination of Common TA parameters should be further discussed. For example, 
· When Common TA includes parameters indicating timing drift, which of the parameters are mandatory?
In this section, we will provide our views on this issue. 
Currently, most discussions are on the design of common TA parameters of LEO with altitude 600km. From Figure 2, we can find that with the moving of LEO satellite, the distance between the satellite and UE/gNB changes with time, which will cause the time-varying common TA for feeder link, common TA drift rate (i.e., first-order derivative of common TA) and common TA drift variation rate (i.e., second-order derivative of common TA) as shown in Figure 3 (a), Figure 3 (b) and Figure 3 (c), respectively. The results show that common TA for feeder link changes in the range of [4.003ms, 12.878ms], the common TA drift rate for feeder link changes in the range of ±45.8 us/s, and the common TA drift variation rate for feeder link changes in the range of [0.0137us/s2, 0.5807us/s2]. The results in Figure 1 show that for LEO-600km, at least Common TA, Common TA drift rate and Common TA drift rate variation should be known at the UE side for accurate TA estimation. Common TA third order derivative can be optional for some cases, e.g., FR2 and/or validity duration longer than 10 seconds.
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[bookmark: _Ref71620232]Figure 2 Illustration of moving satellite
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            (a) Common TA           (b) Common TA drift rate        (c) Common TA drift variation rate               
[bookmark: _Ref71563373]Figure 3 Common TA, common TA drift rate and common TA variation rate for LEO with altitude 600km

However, as included in this WI [5], GEO/LEO/HAPS/ATG should all be considered for NR NTN. Due to the high satellite speed in the scenario of LEO-600km, the time-varying feature of common TA would be the severest in NR NTN. Other types of NTN platforms do not have such high mobility. For example, for GEO, the satellite speed is negligible as discussed in TR38.821 and its common TA does not change with time, as shown in Figure 4. In this case, common TA drift rate and common TA drift variation rate will be both zero and not needed for the estimation of common TA at UE side.
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[bookmark: _Ref86413605]Figure 4 Common TA for GEO
Based on above analysis, we can find that the required common TA parameters are related to the NTN type, or the type of NTN platforms. Therefore, different combination of common TA parameters can be considered for different NTN types. 

Observation 2: Different combinations of common TA parameters are needed for different NTN types and UE capability on NTN type. For example,
· LEO: Common TA, Common TA drift rate and Common TA drift rate variation are necessary for moderate validity duration and FR1.
· GEO: Common TA is enough due to its feature of stationary location to earth
· HAPS: Common TA (and Common TA drift rate optionally) may be needed

Proposal 2: Based on NTN type and UE capability on NTN type, UE assumes that following combination of common TA parameters are included at least in SIB message:
· LEO: Common TA, Common TA drift rate and Common TA drift rate variation in mandatory, and Common TA third order derivative optionally based on carrier frequency.
· GEO: Common TA in mandatory
· HAPS: Common TA in mandatory, Common TA drift rate optionally

3. Issue#2: NTA at initial access
The issue of initial TA overcompensation is discussed during the RAN1#107-e meeting and the following working assumption has been made.
	Working asssumption:
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



Based on the discussions in previous meeting, a timing offset could be included in Common TA and no explicit indication is needed. In this case,  should be zero during RACH procedure. Hence, the working assumption should be confirmed as it is.

Proposal 3: Confirm the working assumption made in 107-e meeting: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as:
 , where is the TAC field in msg2/msgB

4. Issue#3: TA calculation
The following agreement on  calculation was made in RAN1#107-e meeting.

	Agreement:
Using indicated Higher-layer Common TA parameters, if configured, the UE can determine the one-way propagation time (  used for   calculation as follows:

Where:
· ,  and 
· TACommon, TACommonDrift and TACommonDriftVariation are Common TA parameter defined in RAN1 Meeting #106-bis-e. 
· is the distance between the satellite and the uplink time synchronization reference point divided by the speed of light. DL and UL are frame aligned at the reference point with an offset given by .
·  is derived by the UE based on  to pre-compensate the two-way transmission delay between the uplink time reference point and the satellite.



Meanwhile, the TA equation is updated in TS38.211 to include the common TA and UE-specific TA in NR NTN as follows:
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In the TS 38.211, common TA is in the unit of Tc, i.e., TTA,common=NTA,common*Tc. However, the granularity of common TA parameters which was agreed in previous meeting is different from Tc. Thus, the obtained common TA value based on common TA parameters is not in the granularity of Tc, and the granularity or the unit of common TA in the TA equation needs to be clarified.

Observation 3: Based on the indicated common TA parameters and the agreed one-way propagation time formular, the calculated common TA at UE side could be absolute TA value which is not in unit of Tc directly.

Two methods can be considered to deal with the mismatching issue of the calculated common TA value at UE and the NTA,adjcommon in TTA equation:
· Option 1: Clarify or define the relationship of common TA in TA equation and the value obtained from common TA parameters.
· NTA,adjcommon is not an integer, and is obtained from the estimated common TA and Tc, i.e. NTA,adjcommon = TTA,adjcommon/Tc, in the unit of Tc.
· [bookmark: _Hlk95726491]The estimated common TA TTA,adjcommon is derived from the higher-layer parameters TACommon, TACommonDrift and TACommonDriftVariation as agreed in the last meeting, i.e. TTA,adjcommon = 2. 
· In this case, the TA equation in TS 38.211 can be kept unchanged, with clarifying NTA,adjcommon = 2/Tc
· Option 2: Refine the TA equation defined in TS 38.211
· TTA = (NTA+NTA,offset+ NTA,adjUE)*Tc + TTA,adjcommon 
· The estimated common TA is defined as TTA,adjcommon = 2
Considering the lower computation complexity and higher calculation accuracy, option 2 is preferred.

Proposal 4: Revise the TA equation as TTA = (NTA+NTA,offset+ NTA,adjUE)*Tc + TTA,adjcommon, where TTA,adjcommon equals 2∙.

5. Issue#4: NTN validity timers
In previous meeting, the following agreement has been made on this issue:
	Agreement
A single validity duration for both serving satellite ephemeris and common TA related parameters is broadcast on the SIB.

Agreement
NTN validity duration is configured per cell and indicated to the UE in X bits with:
Value range { 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240}
Unit is second
FFS : Additional values for GEO



For the FFS, considering the characteristics of GEO, larger values of validity duration could be applied. It can be noticed that 15 values have been supported in the value range, which will cost 4 bits. Considering the quantization efficiency, one more value can be supported for GEO.
At the last meeting, “infinity” was proposed as the additional value. But we do not think it is a proper candidate value. Firstly, “infinity” is not a clear value range. Secondly, as some companies mentioned, it could be unnecessary to define “infinity” as tens of minutes would be sufficient for the UE to re-read from UE power consumption perspective. Thirdly, GEO may not be perfectly stationary with the earth, and as there is only one geostationary satellite orbit shared by all the GEO satellites, many of them need to be adjusted frequently, and “infinity” would not be a precise description from this perspective. Due to above reasons, we do not prefer the special value for NTN validity duration. 
Proposal 5: One additional large value other than “infinity” could be added on the value range of validity duration for GEO.
In previous meeting, it was also discussed whether those NTN related information broadcasted on SIB could be provided through dedicated signalling for UEs in RRC_CONNECTED. In short, we believe that the dedicated signaling support should be agreed.
Some companies mentioned that there is a possibility that some BWPs are not configured with CSS when UE is configured with multiple BWPs for BWP switching operation. For this use case of UE is not configured with a common search space within the active BWP, they claimed that UE cannot read SIB to obtain NTN related parameters without common search space, so that support of dedicated signalling to indicate NTN related parameters for this case is necessary. However, at least for this use case, it is preferred that NW ensures configuration of common search space per BWP for NTN so that NTN UE could read SIB. Not to mention the resource efficiency issue brought by dedicated signalling. Considering those NTN related parameters are not UE-specific or vary with UE movement, dedicated signalling for the purpose is not desirable.
On the other hand, we do find a use case that would benefit from dedicated signalling for SIB, which is handover. During handover, the SIB1 of target cell can be carried in RRC reconfiguration signalling in handover command from source cell to UE. After UE obtains SIB1 of target cell, UE could read NTN-specific SIB of target cell. There could be some latency between reception of SIB1 of target cell, and reception of NTN-specific SIB of target cell. If NTN-specific SIB can be transmitted in RRC reconfiguration signalling in handover command together with SIB1 of target cell, above latency could be eliminated. Hence, there could be benefit of latency reduction for handover in NTN by using dedicate signalling

Proposal 6: Support dedicated signalling to provide the NTN validity duration together with common TA parameters and satellite ephemeris, which has the same information as NTN-specific SIB, to a UE in RRC_CONNECTED.

6. Issue#5: Serving satellite ephemeris format
The following agreement on the satellite ephemeris format bit allocations for LEO/MEO/GEO was converged in the last RAN1#107-e meeting. 
	Agreement
Confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Position and velocity state vector ephemeris format is 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: [0, 2π]
· Inclination i (rad) is 20 bits
· Range: [- π/2 , + π/2]
· Mean anomaly M (rad) at epoch time to is 24 bits
· Range: [0, 2π]


However, the ephemeris format bit allocation for HAPS is not included, which should be further discussed.
For HAPS, the platform flies at the altitude of 11-50km in the stratosphere with typical altitude of around 20km. The moving speed of HAPS differs due to various types of HAPS platforms. The range of HAPS moving speed is from 0km/h for balloon type of HAPS to 500km/h (i.e., 138.9m/s) for aircraft type of HAPS. For example, the moving speed of Airbus Zephyr S is about 150km/h (i.e., 41.7m/s). 
We believe that HAPS scenario should be covered by position and velocity state vector ephemeris format. However, the current agreed format is considered GEO/LEO only and is not suitable for HAPS scenario. Another format for HAPS with different quantization step and payload should be discussed and introduced. For example, with the same payload of 17 bytes, the range and quantization step can be re-designed for HAPS:
Position and velocity state vector ephemeris format 17 bytes payload. 
· The field size for position [m] is 78 bits
· Position range is driven by HAPS: +/- 50 km
· The quantization step is 1mm for position
· The field size for velocity [m/s] is 54 bits
· Velocity range is driven by HAPS: +/- 140 m/s
· The quantization step is 0.0011 m/s for Velocity
With above calculation, we can find that the quantization step is too small. Therefore, we can further reduce the payload for HAPS:
· Position and velocity state vector ephemeris format 12 bytes payload. 
· The field size for position [m] is 54 bits
· Position range is driven by HAPS: +/- 50 km
· The quantization step is 0.38m for position
· The field size for velocity [m/s] is 42 bits
· Velocity range is driven by HAPS: +/- 140 m/s
· The quantization step is 0.017 m/s for Velocity
With above design, the payload of HAPS can be reduced from 17 bytes to 12 bytes, and the quantization step can be reduced by more than 3 times for both position and velocity, i.e., finer quantization can be obtained.
Observation 4: The position and velocity state vector ephemeris format for HAPS scenario should be introduced with different bit allocations.
Proposal 6: The position and velocity state vector ephemeris format for HAPS is supported as the following.
· Position and velocity state vector ephemeris format 12 bytes payload. 
· The field size for position [m] is 54 bits
· Position range is driven by HAPS: +/- 50 km
· The quantization step is 0.38m for position
· The field size for velocity [m/s] is 42 bits
· Velocity range is driven by HAPS: +/- 140 m/s
· The quantization step is 0.017 m/s for Velocity

7. Conclusion
In this contribution, we discussed the remaining issues on UL time and frequency synchronization in NR NTN, including common TA parameters, common TA update, validity timers and serving satellite ephemeris format. Based on the discussion we made following observations. 
Observation 1: With the validity duration of 10 seconds, Common TA, Common TA drift rate and Common TA drift rate variation are enough for LEO-600km for FR1. Common TA third order derivative is needed LEO-600km for FR2.
Observation 2: Different combinations of common TA parameters are needed for different NTN types and UE capability on NTN type. For example,
· LEO: Common TA, Common TA drift rate and Common TA drift rate variation are necessary for moderate validity duration and FR1.
· GEO: Common TA is enough due to its feature of stationary location to earth
· HAPS: Common TA (and Common TA drift rate optionally) may be needed

Observation 3: Based on the indicated common TA parameters and the agreed one-way propagation time formular, the calculated common TA at UE side could be absolute TA value which is not in unit of Tc directly.

Observation 4: The position and velocity state vector ephemeris format for HAPS scenario should be introduced with different bit allocations.
Based on the discussion we made following proposals.
Proposal 1: Common TA third order derivative is optionally supported based on the validity duration and carrier frequency.
Proposal 2: Based on NTN type and UE capability on NTN type, UE assumes that following combination of common TA parameters are included at least in SIB message:
· LEO: Common TA, Common TA drift rate and Common TA drift rate variation in mandatory, and Common TA third order derivative optionally based on carrier frequency.
· GEO: Common TA in mandatory
· HAPS: Common TA in mandatory, Common TA drift rate optionally
Proposal 3: Confirm the working assumption made in 107-e meeting: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as:
 , where is the TAC field in msg2/msgB
Proposal 4: Revise the TA equation as TTA = (NTA+NTA,offset+ NTA,adjUE)*Tc + TTA,adjcommon, where TTA,adjcommon equals 2∙.

Proposal 5: One additional large value other than “infinity” could be added on the value range of validity duration for GEO.
Proposal 6: Support dedicated signalling to provide the NTN validity duration together with common TA parameters and satellite ephemeris, which has the same information as NTN-specific SIB, to a UE in RRC_CONNECTED.

Proposal 7: The position and velocity state vector ephemeris format for HAPS is supported as the following.
· Position and velocity state vector ephemeris format 12 bytes payload. 
· The field size for position [m] is 54 bits
· Position range is driven by HAPS: +/- 50 km
· The quantization step is 0.38m for position
· The field size for velocity [m/s] is 42 bits
· Velocity range is driven by HAPS: +/- 140 m/s
· The quantization step is 0.017 m/s for Velocity
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.4.3.1 Frames and subframes«

Downlink, uplink, and sidelink transmissions are organized into frames with 7; = (Af,,.. N¢ /100)-T, =10ms
duration, each consisting of ten subframes of T,; = (Af,..N; /1000)-T, = lms duration. The number of consecutive

OFDM symbols per subframe is N:;:hgame"‘ = N;}ﬂbe:lz?frame'“
frames of five subframes each with half-frame 0 consisting of subframes 0 — 4 and half-frame 1 consisting of subframes

5-9.«

. Each frame is divided into two equally-sized half-

There is one set of frames in the uplink and one set of frames in the downlink on a carrier. <

Uplink frame number ;i for transmission from the UE shall start Try = (Nra + Negoftser + Nfgag ™" + N%’ﬁadj)Tc
before the start of the corresponding downlink frame at the UE where<

- Npp and Nrposeer are given by clause 4.2 of [5, TS 38.213], except for msgA transmission on PUSCH where
Nrp = 0 shall be used;«

- Niag™ is derived from the higher-layer parameters 74 Common, TACommonDrift, and

TACommonDriftVariation if configured, otherwise Nfiag™" = 03¢

- N%’ﬁadj is computed by the UE based on satellite-ephemeris-related higher-layers parameters if configured,

otherwise N—P{adl =0
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