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[bookmark: _Hlk521259925]In RAN1#107-e meeting, agreements were achieved on enhancements on UL time and frequency synchronization for NTN [1]:
	Agreement
The serving satellite ephemeris and common TA related parameters are signalled in the same SIB message and have the same epoch time.

Agreement
A single validity duration for both serving satellite ephemeris and common TA related parameters is broadcast on the SIB.

Working assumption
Higher-layer parameters TACommon, TACommonDrift, TACommonDriftVariation and [TACommonThirdOrder] are indicated with the following range, granularity and bits allocation:

	Parameter name 
	Value range
	Granularity
	Bits allocation

	
	0 ...66485757 
(i.e: 0… 270.73 ms) 
	
	26 bits

	TACommonDrift
	
 - 261935… + 261935
(i.e: --53.33   … +-53.33 ) 

	
	19 bits

	TACommonDriftVariation
	
0…29470
(0…0.60 )

	
	15 bits

	[TACommonThirdOrder]
	-4912…+4912
(-0.015 …+0.015 )
	
	14 bits

	
· Value ranges are given in unit of corresponding granularity




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, Infinity}
· Unit is second
· FFS (to be resolved in current meeting): Additional values for GEO

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]

Agreement
The reference point of the epoch time for assistance information (i.e. Serving satellite ephemeris and Common TA parameters) should be known by UE. 
· FFS: the definition of the reference point

Conclusion
  is UE self-estimated TA to pre-compensate for the service link delay, which is calculated using the UE position and the serving satellite ephemeris. 
· How the UE calculates/updates NTA, UE-specific is left to UE implementation.

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.

Agreement
Confirm the Working assumption on granularity and bits allocation for Common TA parameters: Value range, granularity and bits allocation of Higher-layer parameters TACommon, TACommonDrift, TACommonDriftVariation are as follows:

	Parameter name 
	Value range
	Granularity
	Bits allocation

	[image: ]
	0 ...66485757 
(i.e: 0… 270.73 ms) 
	[image: ]
	26 bits

	TACommonDrift
	- 261935… + 261935
(i.e: --53.33   [image: ]… +-53.33 [image: ]) 
	[image: ]
	19 bits

	TACommonDriftVariation
	0…29470
(0…0.60 [image: ])
	[image: ]
	15 bits

	· Value ranges are given in unit of corresponding granularity




Agreement
· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· Otherwise, when indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.

Agreement
The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point.

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

Conclusion
DL frequency compensation by gNB for the service link Doppler is not supported in Release 17.



In this contribution, we will discuss remaining issues on UL time and frequency synchronization related aspects for NTN.
Discussion
[bookmark: _Toc85829323]Issue#1: Update common TA parameters and Serving Satellite Ephemeris
In RAN1#107-e meeting, agreements were achieved on the epoch time of assistance information [1]:
	Agreement
· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· Otherwise, when indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.


It can be observed that the update period (e.g., 160ms) and the validity duration (e.g., 5~240s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). To enable quick initial access procedure, the SIB carrying assistance information needs to be sent frequently, which means the assistance information needs to be sent multiple times in one SFN period.
If the validity duration is greater than or equal to one SFN period, according to the definition of the epoch time of assistance information (it is associated with a SFN or with a SI window), different assistance information is associated with different time, thus the value in each assistance information should be varying.
According to the current specification, SIB changes will trigger system information modification procedure , then as the assistance information is varying at least in each SFN period, all UEs need to read new system information frequently, which may contradict the original intention of configuring a larger validity duration for the assistance information. Therefore, the following proposal is proposed.
Proposal 1: Update of assistance information in SIB will not trigger system information modification procedure.
· It is up to RAN2 to determine detailed solutions for updating the assistance information. (e.g., Changes of the assistance information should neither result in system information change notifications nor in a modification of valueTag in SIB1, just like “timeInfoUTC” field acts in SIB9.)
If not supported, all UEs may need to read all system information in every SI window (which may be e.g. every 160 ms) or in each SFN period (10240 ms), which violates the motivation of NTN validity timer design.
Issue#2: NTA at initial access
In RAN1#107-e meeting, the following Working assumption was made.
	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


As discussed in last meeting, the issue of UE over pre-compensates its TA during RACH procedure can be tackled up to network implementation, e.g., configure  to include a timing offset (.e.g. = + Te_NTN ).
In this case,  = 0 should be supported. Furthermore,  can be removed since it is always 0.
Proposal 2: Confirm the above working assumption. When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
· 
where, is the TAC field in msg2/msgB.
[bookmark: _Toc85829344]Issue#3: NTN Validity timer
In RAN1#107-e meeting, the following agreement was achieved on NTN validity timer [1]:
	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, Infinity}
· Unit is second
· FFS (to be resolved in current meeting): Additional values for GEO


According to the specification description for satellite mobility in GEO Scenarios,
	From section 5.3.2 of TS 38.811:
In principle, the Geostationary satellite is fixed and therefore no Doppler shift is induced except that due to possible UE motion.
In reality the satellite is moving around its nominal orbital position, due to perturbations (e.g. sun, moon) and to non-spherical component earth attraction which impact the earth gravitational force.
The average tangential velocity of a geostationary satellite with respect to an earth point is around 2.74 m/s.


Considering Geostationary satellites move slowly, additional values which are larger than 240 seconds in the range of NTN validity duration for GEO are needed. 
Proposal 3: For NTN validity duration configuration, larger values than 240 seconds are needed for GEO scenario.
It can be observed that even the transmission equipment is usually considered quasi static with respect to the UE with only small Doppler shift, the GEO satellite is moving relatively slowly. Therefore, “infinity” may not be proper for GEO validity duration.
Proposal 4: “Infinity” is not needed in the NTN validity duration value range for the case of GEO.
Conclusions
In this contribution, we share our views on related issues on UL time and frequency synchronization enhancements for NTN. The observations and proposals are summarised as follows:

Proposal 1: Update of assistance information in SIB will not trigger system information modification procedure.
· It is up to RAN2 to determine detailed solutions for updating the assistance information. (e.g., Changes of the assistance information should neither result in system information change notifications nor in a modification of valueTag in SIB1, just like “timeInfoUTC” field acts in SIB9.)
Proposal 2: Confirm the above working assumption. When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
· 
where, is the TAC field in msg2/msgB.
Proposal 3: For NTN validity duration configuration, larger values than 240 seconds are needed for GEO scenario.
Proposal 4: “Infinity” is not needed in the NTN validity duration value range for the case of GEO.
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