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1. Introduction
In RAN1 #102 e-Meeting [1], the following agreements regarding the uplink time and frequency synchronization were made：
	Agreement:
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· its position 
· 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 (TA) 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:
· 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.
· 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:
· 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).


In this contribution, we will discuss UL timing and frequency compensation in NTN, including initial common TA indication, common TA adjustment and UL frequency pre-compensation.
2. [bookmark: _Hlk25060711][bookmark: _Ref498564494][bookmark: _Hlk521582650]UL timing synchronization for NTN
In RAN1 #102 e-Meeting, the following 3 options regarding the position of reference point (RP) for UE TA calculation were discussed:
· RP Option 1: RP is located at gNB. Common TA indication shall be introduced.
· RP Option 2: RP is located at satellite. Common TA indication may be avoided.
· RP Option 3: RP localization is left to the implementation. Common TA indication shall be introduced to support all the foreseen deployment scenarios.
For option 1, a common TA corresponds to the round-trip delay (RTD) experienced between gNB and satellite, which is indicated by the network. While the common TA which corresponds to the RTD experienced between the RP and satellite is always equal to zero for option 2. The common TA indication is not required. As for option 3, the common TA corresponds to the RTD experienced between the RP and satellite, which is more flexible.
Observation 1: Whether common TA indication is required depends on the position of RP.
Proposal 1: The reference point needs to be clearly defined before NTN UL timing advance discussion.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Full TA is divided into UE specific TA and common TA. The UE based on its GNSS capabilities and additional network indications (e.g. satellite ephemeris or time stamp) is only responsible to UE specific TA compensation. Nevertheless, common TA is compensated to UE by gNB. More specifically, common TA which is always equal to zero can be neglected for option 2. Whereas gNB needs to indicate common TA when considering option 1 or 3.
With the assumption of RP option 3, we will discuss the common TA indication and update for UL timing compensation in NTN.
2.1. Initial common TA
The gNB estimates initial common TA from PRACH preamble and indicates timing advance command (TAC)  in range {1, 2, …, 3846} with 12 bits in RAR in random access procedure. The initial TA  depends on the numerology (subcarrier spacing *15 kHz, =0.509 ns). And the maximum  are presented in Table 1.
[bookmark: _Ref30587126]Table 1: Maximal TA value depending on numerology
	Numerology 
	max value [ms]

	0 (SCS = 15 kHz)
	2.0046

	1 (SCS = 30 kHz)
	1.0023

	2 (SCS = 60 kHz)
	0.5012

	3 (SCS = 120 kHz)
	0.2506

	4 (SCS = 240 kHz)
	0.1252


According to Table 4.2-2 in [2], the maximum round trip delay in NTN scenarios are shown in Table 2.
Table 2: Maximal RTD in NTN scenarios
	Scenarios type
	Maximal RTD (gNB – satellite - UE)

	GEO at 35786km
	544.75ms

	MEO at 10000 km
	190.38ms

	LEO at 1500 km
	51.66ms

	LEO at 600 km
	28.41ms


Observation 2: The range of Timing Advance command indicated in RAR currently specified cannot cover the round trip delay in NTN.
In order to support initial common TA indication in NTN, in RAR can be updated as following

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]where  denotes an offset associated with NTN scenario type. There can be a set of different common TA offsets determined by different NTN scenarios. Moreover, the scenario type (e.g. GEO type, MEO type, LEO type, None) can be informed to UE, where None means that there is no common TA pre-compensation.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Based on the above analysis, we have the following proposal:
[bookmark: _Hlk54193230]Proposal 2: An offset associated with NTN scenarios can be added to in RAR to indicate initial common TA.
2.2. Common TA update
The UE adjusts the common TA indicated in a TAC with 6 bits in MAC CE sent by gNB as

Where = {0, 1, 2, …, 63}, =0.509ns. Therefore, the maximum TA adjustment are calculated in Table 3.
Table 3: Maximal TA adjustment value depending on numerology
	Numerology
	TA adjustment max value [us]

	0 (SCS = 15 kHz)
	16.67

	1 (SCS = 30 kHz)
	8.34

	2 (SCS = 60 kHz)
	4.17

	3 (SCS = 120 kHz)
	2.09

	4 (SCS = 240 kHz)
	1.05


Taking LEO=600 km as an example, with the satellite speed and velocity of light, 7.6km/s and 3×m/s respectively, the TAC needs to be sent every 666.8ms, 333.6ms, 166.8ms, 83.6ms, 42ms, respectively, when SCS = 15kHz, 30kHz, 60kHz, 120kHz, 240kHz. As shown above, gNB must frequently send TAC to UE, especially with lager SCS scenario, which would cause heavy signaling overhead.
Observation 3: The gNB needs to frequently send MAC CE to update common TA in NTN, which causes heavy signaling overhead.
In order to reduce signaling overhead, one potential solution is to extend TA indication range in MAC CE. The following equation can be considered to update common TA:

Where  denotes the scaling factor to extending TA indication range in MAC CE, which is similarly determined by NTN scenarios.
Proposal 3: Support to extend TA indication range in MAC CE for common TA adjustment in NTN.
3. UL frequency synchronization for NTN
For UL frequency synchronization, if UE knows its location and satellite ephemeris information, the UL Doppler shift caused by satellite movement can be estimated and pre-compensated at UE side, which significantly reduces signaling overhead.
Proposal 4: For UL frequency synchronization, UE can estimate and pre-compensate the doppler shifts.
4. Conclusion
In this contribution we discussed UL time and frequency synchronizations in NTN system, and the following observations and proposals are made. 
Observation 1: Whether common TA indication is required depends on the position of RP.
Observation 2: The range of Timing Advance command indicated in RAR currently specified cannot cover the round trip delay in NTN.
Observation 3: The gNB needs to frequently send MAC CE to update common TA in NTN, which causes heavy signaling overhead.
Proposal 1: The reference point needs to be clearly defined before NTN UL timing advance discussion.
Proposal 2: An offset associated with NTN scenarios can be added to in RAR to indicate initial common TA.
Proposal 3: Support to extend TA indication range in MAC CE for common TA adjustment in NTN.
Proposal 4: For UL frequency synchronization, UE can estimate and pre-compensate the doppler shifts.
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