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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we discuss some remaining issues for NR to support NTN including NTA at initial access and issues related to the epoch time and validity timer. 
2 [bookmark: _Ref129681832]Discussion
2.1 NTA at initial access
In RAN1#108-e, whether negative values of NTA is needed was discussed further [2]. The issue is that for initial access, a PRACH transmission may arrive earlier than the start of a PRACH occasion due to the potential over-estimation of initial TA estimation. However, this is not an problem as long as the UE satisfies the requirement in FR1 since the overall error is around 17% and 33% of CP length for PUSCH. According to RAN4 LS [2], the same transmit timing error requirements are defined for both PRACH and other initial UL transmission (PUCCH, PUSCH and SRS) in RRC_CONNECTED state, which is Te_NTN = Te + Te_GNSS + Te_SAT 
· Te is the legacy timing error
· Te_GNSS is the GNSS accuracy
· Te_SAT is the serving-satellite position estimation error
The detailed requirement for FR1 is shown in Table 1,
· Table 1: Te_NTN Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	[29]*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N.A

	
	30
	15
	[24]*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N.A

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



Based on the requirements defined for FR1, it can also be observed that if the same requirements on serving-satellite position estimation error and GNSS accuracy are reused for FR2, the overall transmission timing error will be too high, i.e. about 78% of the CP for PUSCH, and the UL performance may not be acceptable. Therefore, a tighter requirement on serving-satellite position estimation error and/or GNSS accuracy may anyway be needed in order to enable NTN operation in FR2. Overall, there is no obvious necessity to introduce a negative NTA since it does not solve the fundamental performance issue in FR2.
Observation 1: Introducing a negative NTA may avoid the early arrival of PRACH but it cannot help with UL performance degradation in FR2 assuming the same serving-satellite position estimation error and GNSS accuracy as FR1.
Observation 2: The requirement of GNSS accuracy and serving-satellite position estimation error may anyway need to be tighter in FR2 than FR1 due to the shorter CP length.
Proposal 1: Confirm the working assumption below
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

2.2 Epoch time and validity timer
The following agreement was made at RAN1#106bis-e:
	Agreement:
NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)
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.
· FFS: details on how to acquire new or additional assistance information


The following agreement was made at RAN1#107-e:
	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.


Regarding how to indicate the epoch time, there are two scenarios:
· Scenario A: epoch time is the end of the SI window.
· Scenario B: epoch time is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.
On the relation between assistance information acquisition time and validity timer, there are three cases
· Case I: New assistance information is not available before expiry of the UL validity timer. In this case, the UE assumes that is has lost uplink synchronization. In fact, the network can avoid Case I by implementation to reduce RLF.
· Case II: New assistance information is available but not within the associated validity duration. In this case, the UE can propagate back according to epoch time and the new assistance information as long the time interval from the expiration of the validity timer until the new Epoch time is not larger than the new validity duration. The uplink synchronization can still be maintained. 
· Case III: New assistance information is available before expiry of the UL validity timer. In this case, the UE can obtain the new assistance information when the old assistance information is still within the validity duration. UE can use either one as uplink synchronization can be maintained, i. e. using both new and old assistance information can satisfy the timing error requirement defined by RAN4. 
In RAN1#108-e, the UE behaviour was discussed for validity timer and epoch time as follows:
Option 1:
If a UE has obtained new serving satellite ephemeris and Common TA related parameters prior to the time of the validity timer expiring, 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 restarts the validity timer before the new Epoch time, or,
· The UE suspends the timer during this period such that it does not expire.
Note : UE shall always apply new assistance information obtained within uplink sync validity duration
Option 2:
· The assistance information is valid when |t-tepoch| < validity duration (i.e., both before and after the epoch time).
· If the UE has acquired new assistance information and also has old assistance information that is still valid, it should for transmission at time t use the (valid) assistance information with an epoch time closest to t. 
Option 3: 
· The UE shall re-acquire new assistance information before expiry of UL validity timer
Option 4: 
· The Epoch time t_epoch if indicated explicitly by a SFN and subframe number is in the past when UE reads the SIB at time t, where t_epoch < t
According to the analysis above, it can be up to UE implementation to apply option 1 and option 3 to maintain the uplink synchronization. For option 2, UE can use either one for uplink synchronization as they are both valid, there is no need to restrict the UE to use the assistance information with an epoch time closest to t. Option 4 is addressing the ambiguity in interpretation SFN indicating epoch time, this issue is discussed below.
Proposal 2: The network should ensure that the new assistance information is available before expiry of the UL validity timer to reduce the RLF.
Proposal 3: When new assistance information is available, it up to UE implementation to use the new or old assistance information no matter whether the new UL validity timer starts before or after the expiration of the old validity timer.
For Scenario B, the ambiguity in interpretation of SFN indicating the epoch time was discussed due to the periodicity of SFN and there are three options:
· Option 1: epoch time t_epoch is in the future when UE reads the SIB at time t
Taking t_epoch = SFN 1023 and t = SFN 0 as an example, the network needs to derive the ephemeris at t_epoch SFN 1023 based on the current ephemeris information. Then, when UE receives the assistance information and t_epoch, at t, if the validity timer expires, the UE may need to propagate from SFN 1023 back to SFN 0. The derivation duration is long at both network and UE side, and the errors coming from both sides can be large. 
· Option 2: epoch time t_epoch is in the past when UE reads the SIB at time t
For this case, taking t_epoch = SFN 0 and t = SFN 1023 as an example, the network needs to broadcast an old ephemeris (SFN 0) at SFN 1023. At the UE side, it should perform predication based on an old ephemeris to a time beyond SFN 1023. Similar to Option 1, the derivation duration is long and the errors coming from the UE can also be large.
· Option 3: epoch time t_epoch is in the nearest SFN and subframe number when UE reads the SIB at time t
In Option 3 as the duration between t_epoch and t is reduced, and the prediction error would be minimized.
Proposal 4: If indicated explicitly by a SFN and subframe number, the epoch time t_epoch is the nearest SFN and subframe number when UE reads the SIB at time t.
[image: C:\Users\c00360086\AppData\Roaming\eSpace_Desktop\UserData\c00360086\imagefiles\62D28733-7802-4F9F-A724-6BD51302F4A5.png]
Figure 2. Update of assistance information
According to the current specification, system information can be repeated in different SI windows during one SI modification period. UE can choose one of the SI windows to acquire the updated SI. However, for scenario A, there is an implicit restriction that system information cannot be repeated across different SI windows. Meanwhile, the gNB has to update the assistance information every SI update period. For scenario B, there is no such restriction, hence the assistance information can be repeated over several SI windows, i.e. the assistance information can be updated less frequently. However, the epoch time provided by a SFN and subframe number has to be indicated in scenario B, leading to some signalling overhead compared to scenario A.
To avoid the restriction in scenario A and align with the current design, it should be possible to repeat the same assistance information among different SI windows also for scenario A. The benefit of this is less signalling overhead and lower complexity at the gNB. The epoch time can be defined as the end of the first SI window during one update period of assistance information as shown in Figure 2. 
Proposal 5: When epoch time of assistance information is implicitly known as the end of the SI window, allow the assistance information to be repeated among different SI windows and the epoch time is defined as the end of the first SI window during one update period.

3 Conclusion
In this contribution, we further discuss the reaming issues of NR solutions to support NTN, the following observations and proposals are presented:
Observation 1: Introducing a negative NTA may avoid the early arrival of PRACH but it cannot help with UL performance degradation in FR2 assuming the same serving-satellite position estimation error and GNSS accuracy as FR1.
Observation 2: The requirement of GNSS accuracy and serving-satellite position estimation error may anyway need to be tighter in FR2 than FR1 due to the shorter CP length.

Proposal 1: Confirm the working assumption below
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
Where,  is the TAC field in msg2/msgB
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 2: The network should ensure that the new assistance information is available before expiry of the UL validity timer to reduce the RLF.
Proposal 3: When new assistance information is available, it up to UE implementation to use the new or old assistance information no matter whether the new UL validity timer starts before or after the expiration of the old validity timer.
[bookmark: _GoBack]Proposal 4: If indicated explicitly by a SFN and subframe number, the epoch time t_epoch is the nearest SFN and subframe number when UE reads the SIB at time t.
Proposal 5: When epoch time of assistance information is implicitly known as the end of the SI window, allow the assistance information to be repeated among different SI windows and the epoch time is defined as the end of the first SI window during one update period.
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