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Introduction
RAN#92 approved WID on NTN IoT in [1]. One of the RAN1 objectives are 

	Specify the following time and frequency synchronization enhancements, using NR_NTN_solutions WI agreements as baseline, according to Section 8 in TR 36.763: 
-	UE pre-compensation including ephemeris format (orbital / Position -Velocity)
-	UE pre-compensation for UL synchronization in RRC_IDLE and RRC_CONNECTED states based at least on its GNSS-acquired position and the serving satellite ephemeris 
-	Timing advance formula (granularity of the timing advance may be different)
-	Combination of Open (i.e. UE autonomous TA estimation, and common TA estimation) and Closed TA (i.e., received TA commands) control loops in RRC_CONNECTED state
Agreements on the above are up to the decision in NR_NTN_Solutions WI and will be used for IoT NTN with minimum changes, if any. 

Specify the following time and frequency synchronization enhancements that are not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:
-	Long PUSCH and PRACH Transmission enhancements: segmented UE pre-compensations, new UL gaps and/or implementation solutions, time units and duration of segments.
-	Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects
-	DL synchronization enhancements: A single solution will be selected between: new channel raster, (part of) ARFCN-indication-in-MIB. 
-	GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission






Discussion on synchronization
GAPs in UL transmissions for R>1

In the last meeting, many companies pointed out that new UL gaps may be needed during long UL transmission so that consecutive UL pre-compensation segments could be separated in time. Since the range of segment lengths is quite large (e.g. from 2 ms up to 256 ms for NPUSCH), the network can always configure UE with the segment length guaranteeing small TA change from segment to segment and, therefore, new UL gaps between segments are not needed. If the consecutive segments overlap due to TA change, a part of the cyclic prefix of the latter segment can be discarded.
Proposal-1: No new gaps are introduced for long UL transmissions.
Timing Advance
In NR NTN, TA formula is defined as 
	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.



 
Assuming that   is broadcast and corresponds to link between Satellite and eNB, here we focus on  and .
The maximum  an eNB can currently indicate in LTE is ~667 us in RAR and corrected later in RRC connected state by MAC CE with maximum +- 16us step-size.  Regarding the TA NTN framework, the correction after pre-compensation should be clearly within ~667us. Therefore, no change is needed.
Since knowledge of  is essential to eNB, UE could report  earliest in MSG3, and eNB could indicate in MSG4 the complete . After that we think that MAC-CE max step-size of 16us should be scaled up by factor given by ratio between terrestrial and non-terrestrial RTT.
Proposal-2: Increase the maximum step size for MAC-CE TA adjustment by factor being multiple of ratio between maximum terrestrial and non-terrestrial RTT. 
Ephemeris and almanac
As pointed out in [2] in last meeting, prediction of at least 60s ahead is possible with very good accuracy. Moreover, for example GPS ephemeris is valid up to 2-4h to determine satellite position with sufficient precision to estimation position with several meter accuracy. GPS ephemeris comprises of 600 bits, while almanac 15kbit. Therefore, when accessing a particular satellite reading one additional SIB is sufficient. Nevertheless, we believe it should be up to eNB to determine the validity of ephemeris it broadcasts in a SIB. Every time UE acquires new ephemeris, it will reset the timer to initial value X. 
Proposal-3: A separate validity timer for SIB ephemeris and timer for common TA is configured by eNB with initial timer values X and Y.  Validity timer for SIB ephemeris is reset at least upon UE reading SIB with ephemeris and validity timer for common TA is reset at least upon UE receiving SIB with common TA or receiving a TA command.

Conclusions 
Regarding the synchronisation of NTN we had the following Proposals:
Proposal-1: No new gaps are introduced for long UL transmissions.
Proposal-2: Increase the maximum step size for MAC-CE TA adjustment by factor being multiple of ratio between maximum terrestrial and non-terrestrial RTT. 
Proposal-3: A separate validity timer for SIB ephemeris and timer for common TA is configured by eNB with initial timer values X and Y.  Validity timer for SIB ephemeris is reset at least upon UE reading SIB with ephemeris and validity timer for common TA is reset at least upon UE receiving SIB with common TA or receiving a TA command.
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