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Introduction
It was concluded [1] that release 17 RAN1 work on NR NTN is completed. The maintenance on solutions for NR NTN was conducted in RAN1 #108-e meeting. 

In this contribution, we provide our views on the remaining open issues of release 17 RAN1 NR NTN. 
Discussion
Closed loop TA control after Msg2/MsgB
It was working assumption that when TAC in msg2/msgB is received, UE updates , where  is the TAC field in msg2/msgB. 

It was concluded that TA margin is not defined in NTN, due to its negligible performance impact. Subsequently, if  after msg2/msgB does not include a negative value, no big performance impact is expected on the subsequent RACH procedure. Once a UE is in RRC connected state, the TA command in MAC CE is able to set a negative offset. Hence, we think the working assumption can be confirmed.

Proposal 1: Confirm the working assumption that when TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as , where  is the TAC field in msg2/msgB. 

TA maintenance in RRC connected state
In RRC connected state, UE applies the combination of both open and closed control loops for TA maintenance. The TA closed loop refers that UE updates its TA based on TA command received in MAC CE. The TA open loop refers that UE autonomously estimates/pre-compensates TA on the service link, as well as UE potentially autonomously calculates/pre-compensates the TA on the feeder link based on the indicated common TA drift rate if any.

The dependency between TA open control loop and TA closed control loop was discussed in [2]. The TA command UE received may actually compensate the estimated UE specific TA error, which is due to outdated GNSS position or outdated satellite ephemeris parameters. When UE updates UE specific TA based on updated GNSS position or updated satellite ephemeris parameters, the timing error due to outdated GNSS position or outdated satellite ephemeris parameters may be compensated twice, one from TA command and the other from the newly calculated UE specific TA. 

An LS [3] was sent to RAN4 to check whether the gradual timing adjustment as defined in [4] applies. Reply LS [5], [6] were received from RAN4, where the gradual timing adjustment requirement is defined to alleviate the impact of “double correction” in NTN. Here, the gradual timing adjustment requirement includes UE GNSS update, but does not include satellite position update and  update. With the alleviation via gradual timing adjustment, the reference timing could be further adjusted by closed loop TA control. Hence, no update of the reference timing calculation formula is needed. 

Proposal 2: RAN1 concludes the discussion on the “double correction” issue, with no update of the reference timing calculation formula. 

UE behavior with respect to validity timer expiry
It was agreed in RAN2 that UE should attempt to re-acquire NTN specific SIB prior to validity timer expiry based on UE implementation. RAN2 has made a working assumption that upon validity timer expiry, UE shall suspend uplink transmissions, re-acquire NTN specific SIB and flushing HARQ buffers. 

The epoch time of assistance information can be explicitly provided in NTN specific SIB or dedicated RRC signaling. Alternatively, the epoch time of assistance information can be implicitly known as the end of the SI window during which the SI message is transmitted. For the implicitly indicated epoch time, it is UE implementation to ensure that UE reads NTN specific SIB whose SI window is before the current validity timer expiry. For the explicitly indicated epoch time, it is possible that UE re-acquired assistance information prior to validity timer expiry, but the new epoch time is after the expiry of the current validity timer. Subsequently, the UE behaviour between the expiry of the current validity timer and the new epoch time is open. 

In our view, UE shall suspend uplink transmissions during this period, since the uplink synchronization cannot be achieved. On the other hand, UE does not need to re-acquire additional assistance information and the validity timer restarts at the new epoch time. The UE should also flush HARQ buffers as agreed in RAN2 for the scenario when the validity timer has expired. 

Proposal 3: If UE re-acquires assistance information before uplink synchronization validity timer expiry but the new epoch time in the assistance information is after uplink synchronization validity timer expiry, UE suspends uplink transmissions until the new epoch time reaches. 
· UE does not need to re-acquire additional assistance information
· Validity timer restarts at the new epoch time

Ambiguity in interpretation SFN indicating epoch time
When the epoch time of assistance information is explicitly provided in NTN specific SIB or dedicated RRC signaling, it is expressed in the form of SFN and sub-frame number. The ambiguity exists on the actual radio frame indicated by the SFN value, i.e., the exact SFN cycle. To address the ambiguity in interpreting the SFN, two alternative solutions were proposed [7]. In one alternative, the indicated epoch time is in the frame of the indicated SFN value, which is nearest to the frame when the message is received. In the other alternative, the indicated epoch time is in the current SFN if the indicated SFN is equal to the frame when the message is received, or the indicated epoch time is in the next upcoming SFN otherwise.
 
The first alternative supports both the past and the future epoch time and provides some flexibility. The second alternative supports only the future epoch time and can provide more accurate orbit prediction. Since the indicated epoch time from the second alternative could be up to 10.23 ms in the future, the second alternative is more likely to lead to the scenario where the indicated epoch time is after the validity timer expiry. To mitigate the occurrence of the scenario where the indicated epoch time is after the validity timer expiry, we prefer the first alternative. 

Proposal 4: If epoch time is explicitly indicated in the form of SFN and sub-frame, the UE considers the epoch time is in the frame of the indicated SFN value, which is nearest to the frame where the message is received.  

HARQ-ACK codebook SPS PDSCH
It was agreed that for HARQ feedback of each SPS PDSCH, UE follows the per-process configuration of HARQ feedback enabled/disabled for the associated HARQ process, except for the first SPS PDSCH after activation if HARQ feedback for SPS activation is additionally enabled. This implies that HARQ feedback for SPS PDSCH can be disabled. However, the HARQ-ACK codebook construction for SPS PDSCH has not been captured in the specifications. 

Proposal 5: Adopt the following text proposal on HARQ-ACK codebook construction for SPS PDSCH. 

	TS 38.213
9.1.2	 Type-1 HARQ-ACK codebook determination 
*** < Unchanged parts are omitted> ***

while  
Set  – SPS PDSCH configuration index: lower indexes correspond to lower RRC indexes of corresponding SPS configurations 
while 
Set  – slot index 
while 
if {
a UE is configured to receive SPS PDSCHs providing a transport block for a HARQ process with enabled HARQ-ACK information from slot  to slot  for SPS PDSCH configuration  on serving cell , excluding SPS PDSCHs that are not required to be received in any slot among overlapping SPS PDSCHs, if any according to [6, TS 38.214], or based on a UE capability for a number of PDSCH receptions in a slot according to [6, TS 38.214], or due to overlapping with a set of symbols indicated as uplink by tdd-UL-DL-ConfigurationCommon or by tdd-UL-DL-ConfigurationDedicated where  is provided by pdsch-AggregationFactor-r16 in sps-Config or, if pdsch-AggregationFactor-r16 is not included in sps-Config, by pdsch-AggregationFactor in pdsch-config, and
HARQ-ACK information for the SPS PDSCH is associated with the PUCCH
}
 = HARQ-ACK information bit for this SPS PDSCH reception 
;
end if
;
end while
;
end while
;
end while




Conclusion
In this contribution, we provided our views on time and frequency synchronization for NR NTN. Our proposals are as follows: 

Proposal 1: Confirm the working assumption that 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 2: RAN1 concludes the discussion on the “double correction” issue, with no update of the reference timing calculation formula. 

Proposal 3: If UE re-acquires assistance information before uplink synchronization validity timer expiry but the new epoch time in the assistance information is after uplink synchronization validity timer expiry, UE suspends uplink transmissions until the new epoch time reaches. 
· UE does not need to re-acquire additional assistance information
· Validity timer restarts at the new epoch time

Proposal 4: If epoch time is explicitly indicated in the form of SFN and sub-frame, the UE considers the epoch time is in the frame of the indicated SFN value, which is nearest to the frame where the message is received.  

Proposal 5: Adopt the following text proposal on HARQ-ACK codebook construction for SPS PDSCH. 

	TS 38.213
9.1.2	 Type-1 HARQ-ACK codebook determination 
*** < Unchanged parts are omitted> ***

while  
Set  – SPS PDSCH configuration index: lower indexes correspond to lower RRC indexes of corresponding SPS configurations 
while 
Set  – slot index 
while 
if {
a UE is configured to receive SPS PDSCHs providing a transport block for a HARQ process with enabled HARQ-ACK information from slot  to slot  for SPS PDSCH configuration  on serving cell , excluding SPS PDSCHs that are not required to be received in any slot among overlapping SPS PDSCHs, if any according to [6, TS 38.214], or based on a UE capability for a number of PDSCH receptions in a slot according to [6, TS 38.214], or due to overlapping with a set of symbols indicated as uplink by tdd-UL-DL-ConfigurationCommon or by tdd-UL-DL-ConfigurationDedicated where  is provided by pdsch-AggregationFactor-r16 in sps-Config or, if pdsch-AggregationFactor-r16 is not included in sps-Config, by pdsch-AggregationFactor in pdsch-config, and
HARQ-ACK information for the SPS PDSCH is associated with the PUCCH
}
 = HARQ-ACK information bit for this SPS PDSCH reception 
;
end if
;
end while
;
end while
;
end while
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