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In the RAN1#106be meeting, we made a good progress and there were some agreements and conclusions reached on UL time and frequency synchronization for IoT NTN. Some agreements and FFS points are listed as the follows[1]:
Agreement:
The validity timer for UL synchronization is started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data).
· FFS: Precise definition of epoch time taking into account SIB repetitions

Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA parameters are signalled in the same SIB message.

Agreement:
Configuration of UL transmission segment is indicated on SIB at least for initial access
· FFS via UE-specific RRC signalling in RRC_CONNECTED.

Agreement:
For eMTC PUSCH, a 3-bit field to indicate K=8 values for the uplink transmission segment duration:
· Full-PRB allocation (unit: subframes): 2 4 8 16 32 64 128 256
· Sub-PRB allocation (unit: resource units): 1 2 4 8 16 32 64 128

Agreement:
For eMTC, a 3-bit field is defined in the SIB to indicate the following K=8 values for the uplink transmission segment duration of PRACH:
· (TCP+TSEQ+TGP), 2*(TCP+TSEQ+TGP), 4*(TCP+TSEQ+TGP), 8*(TCP+TSEQ+TGP), 16*(TCP+TSEQ+TGP), 32*(TCP+TSEQ+TGP), 64*(TCP+TSEQ+TGP), 128*(TCP+TSEQ+TGP)  

Agreement:
For eMTC, the same value is used for segment durations for all PRACH preambles

Agreement:
For NB-IOT, the same value is used for segment durations for all NPRACH preambles for a particular NPRACH format

Agreement:
In eMTC/NB-IoT, NTA update based on TA Command field in msg2 and MAC CE TA command is used for UL timing alignment correction as follows:
· No extension on TAC 11-bit field in Random Access Response 
· When TAC (TA) in Msg2 is received, UE first adjustment and NTA is adjusted as follows: NTA,new = TA 16, where TA is the timing advance command in msg2.
· When TACs ( provided within the MAC CE is received,  is updated as follows: 
·  ,
· Where TA is the TAC field received in MAC CE command.

Agreement:
RAN1 has discussed the following aspects and leaves it up to RAN2 to specify UE behaviour related to expiry of UL synchronization validity timer and determine which of the following aspects are to be specified: 
· Mechanisms for UE to declare loss of UL synchronization including mechanisms for UL synchronization recovery procedure when UL synchronization is lost if UL synchronization validity timer expires in RRC_CONNECTED 
· It is up to RAN2 to specify this new behaviour for connected UE within RLF set of procedures or a new procedure for re-acquiring satellite ephemeris
· Mechanism for UL synchronization includes re-acquiring the satellite ephemeris and common TA parameters if indicated on SIB
· A new clause of RLF for loss of UL synchronization if validity timer for UL synchronization expires assuming a new re-interpretation of RLF set of procedures is specified for recovery of UL synchronization with re-acquisition of satellite ephemeris and common TA parameters if indicated 
· Potential additional RACH after re-acquisition of satellite ephemeris and common TA parameters if indicated for the UL synchronization recovery procedure in case of potential residual TA error.
· If validity timer for UL synchronization expires and no UL synchronization recovery mechanisms specified as above, UE behaviour shall declare RLF and go into idle mode autonomously to re-acquire ephemeris SIB. UE will then need to re-access the cell via Random Access procedure.
· UE signalling to indicate the validity timer for UL synchronization is about to expire

In this contribution, we continue to discuss residual potential solutions for time and frequency synchronization enhancements for IoT NTN.

Discussion 
0. Long UL Transmission enhancements
Indication of UL transmission segment duration
In the last meeting, we have an agreement on configuration of UL transmission segment indicated on SIB for initial access. The duration of UL transmission segment is related to the characteristics of satellite orbiting. Satellite orbiting causes the propagation delay drift on the service link, but delay drift is often stable or variant slowly, so configuration of UL transmission segment can be indicated by SIB in general. Considering the segment duration can survive in long time, in most of case, UE specific RRC signaling to update the segment duration is not needed. One exception case is handover scenario. UE may be indicated via RRC signaling to inform the segment configuration for neighboring cells.
Proposal 1: UL transmission segment duration can be provided to UE by dedicated RRC signaling in handover command.
New UL gaps 

The maximum number of NPRACH repetitions is 128. For frame structure type1, after transmissions of time units for preamble formats 0 and 1, or  time units for preamble format 2, a gap of  time units shall be inserted. After transmitting (N)PUSCH with time units, for NB-IoT and eMTC, a gap of time units shall be inserted, and next NPUSCH transmission is postponed. Since there is a UCG of 40 ms every 256 ms, it can also be used to update ephemeris.
For long (N)PRACH/(N)PUSCH transmission, the transmission is one by one contiguous transmission. Applying different TA may cause signal overlapping between previous segment and next segment. Hence, different solution should be considered to resolve this issue. PRACH in the eMTC applies ZC sequence and ZC sequence has good correlation property, so the signal overlapping may not be one big issue. But NPRACH in the NB-IoT doesn’t use ZC sequence, so the impact of overlapping on NPRACH and (N)PUSCH should be evaluated further by the simulation, which is related to the timing error. One simple method is to drop a few of tail samples of last symbol of one PUSCH slot, which may cause a few loss of performance, or the last symbol isn’t used to transmit data, but for new UL GAP, if the next PUSCH slot can be advanced with a few of samples and overlapped with samples of preceding slot. Another method is to insert new small UL gaps to delay (N)PRACH or (N)PUSCH transmission for avoiding the effect of overlapping. The length of new UL gaps is related to the segment interval. The new UL gaps may be inserted by GP duration for (N)PRACH. The new UL gaps will cause slot misalignment for (N)PUSCH, if the length of new UL gaps is not the integer of a slot. If enforcing slot alignment, the new UL gaps will cost too much time resource. For small TA change, TA can be updated with implementation way, instead one gap insertion. For larger TA variation, small gap configuration should be considered, for example, reserving last symbol for one slot for TA gap. 

Observation 1: The new UL gap for long UL transmission will cause slot misalignment for (N)PUSCH, if the length of new UL gap is not the integer of a slot. 
Proposal 2: For small TA variation, TA adjustment is implemented by dropping tail samples of a segment or delaying a few samples for UL transmission.
Proposal 3: For large TA variation, the gap can be configured with
· Last symbol of a slot can be reserved for (N)PUSCH’s gap
· Original GP is reused for (N)PRACH’s gap.

0. Validity timer for UL synchronization
In last meeting, it was agreed that the validity timer for UL synchronization is started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data). One FFS point is how to handle the SIB repetition case. When base station starts the ephemeris information transmission, naturally the timer should be launching because ephemeris information is aging. Therefore, if SIBs are transmitted repeatedly, epoch time should be based on the transmitting time of the first SIB.  

Proposal 4: If SIBs are transmitted repeatedly, epoch time should be based on the transmitting time of the first SIB. 
For the indication of UL synchronization validity duration, NTN uplink sync validity duration is related to the characteristics of satellite orbiting and should be stable, so we support to broadcast the valid duration in SIB along with assistance information to simplify the signaling design. The configuration is not needed to be per BWP, but can be per cell. In general we think the validity timer should not be designed too complicated. If the timing target accuracy is different for SCS subcarrier, then it can be scaled up/down. Moreover, a coarse signalling granularity can be applied to save signalling overhead.
Before the validity timer is to expire, UE should inform network to stop transmitting data and require the new assistance information with serving satellite ephemeris data or Common TA parameters. UE will lose 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. After UE has lost uplink synchronization, UE will go back to IDLE state and resynchronize.
Regarding the GNSS position fix, its valid duration depends on UE speeed. If UE is fixed, the valid duration is infinite. Different from the ephemeris or common TA, valid duration of GNSS position fix is determined in UE side. Hence, if UE can report the valid duration of GNSS position fix to network, network can take action before the valid duration expiration. For example, when network is aware of UE valid duration in coming slots, network will stop the scheduling and inform the UE to go to IDLE state. It will avoid some errors happening in data transmission.
Proposal 5:  Support validity duration along with satellite ephemeris and Common TA is broadcasted in SIB to simplify the signaling design.
Proposal 6:  After UE has lost uplink synchronization caused by unavailable new or additional assistance information, IoT NTN UE will go back to IDLE state and resynchronize.
Proposal 7:  Suggest UE reports its valid duration of GNSS position fix to gNB.
0. Downlink synchronization
For DL synchronization in the Rel-17 timeframe, the following should be considered
-	New Channel raster with a step size increased to be greater than 100 kHz 
-	(part of) ARFCN-indication-in-MIB
[bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK12][bookmark: OLE_LINK13]In general, frequency errors are contributed by oscillator accuracy and Doppler shift. NB-IoT/eMTC UE may use cheap, low-precision oscillator to reduce costs, such as 10ppm/20ppm/30ppm of frequency tolerance. If carrier frequency is 2GHz and the oscillator error is 20ppm, then the frequency offset is 40KHz. For NB-IoT UE, there is an additional +/- 7.5KHz offset due to anchor carrier introduction. In terms of NTN specific scenarios, according to the parameters of NTN-IoT reference scenarios from R1-2008868 and TR38.821, as shown Table 1, maximum Doppler is 24ppm. When 2GHz is applied, the maximum Doppler shift is 48KHz. Overall, total frequency error would be close to 100KHz.
In terrestrial network, NB-IoT and eMTC define channel raster as 100 KHz as legacy LTE. If the frequency shift is more than 50KHz, UE will make the wrong raster judgment. In order to resolve this issue, there are two possible solutions, one is reducing total frequency error, and the second is increasing the raster size. 
[bookmark: _Ref60927107]Table 1 Parameters of NTN-IoT reference scenarios in 2GHz S-band
	Platforms
	Altitude(km)
	Typical beam footprint size(km)
	Max Doppler shift variation(ppm/s)
	Max Doppler shift variation(Hz/s)
	Max Doppler (ppm)
	Max Doppler(KHz)

	LEO
	600
	100 – 1000 
	0.27
	554
	24
	48

	
	1200
	100 – 1000 
	0.13
	260
	21
	42

	GEO
	35 786
	200 – 3500 
	0.000045
	0.09
	0.93
	1.86



For the reduction of total frequency error, one direction is to extend the requirement of the oscillator error, but it may cause higher cost of IoT device. Another direction is to reduce the residual Doppler shift. In NTN-IoT case, the satellite payload is assumed to be transparent. We can enforce the Doppler shift experienced on the feeder links is perfectly compensated by the NTN GW, and one common Doppler shift of service link will be also compensated. So the maximum residual Doppler shift is associated with the frequency offset between the reference point and beam edge. 
Nevertheless, if the residual Doppler shift is still large, increasing the raster size would be one fall-back solution. In the initial access, in order to help UE to acquire frequency center point and avoid mis-judgement, increasing the raster size is necessary, which can improve the tolerance capability to frequency error.


[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK34]Figure 1 Doppler shift and compensation

Observation 2: UE may have the maximum initial frequency error more than 50KHz contributed by oscillator, Doppler shift and anchor carrier offset in S band.
Proposal 8: Increasing channel raster in IoT NTN is supported.  
0. GNSS measurements
In the IoT NTN SID, simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. GNSS module always on is not necessary and power consumption is not tolerable, so GNSS and IoT should operate alternatively. GNSS measurement issue is related to the whole pre-compensation behavior, and even to the communication process of IoT module. In addition to paging, there is the issue of the GNSS measurement window needed in the case that the UE operates with a long eDRX cycle or PSM cycle depending on application scenarios.
A GNSS Time To First Fix (TTFF), an important parameter of GNSS receiver, typically take 1~2 seconds (hot fix if GNSS ephemeris known with last TTFF within 2 hours) or around 5~9 seconds (warm start if GNSS Almanac known with last TTFF over 2 hours), over 40 seconds at the cold start (no history information). For industrial monitor application, UE need report monitoring data periodically and UE sleeps at most of time. For sporadic short transmission:
-	The idle UE wakes up from idle DRX / PSM, access the network, perform uplink and/or downlink communications for a short duration of time and go back to idle. 
-	Before accessing the network, the UE acquires GNSS position fix and does not need to re-acquire a GNSS position fix for the transmission of the packets.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]We propose one simple method for GNSS measure as following.The UE triggers the GNSS measurement when it is waken up by T3412 timer expiration, and then enter IoT active state after GNSS measurement. Moreover, the GNSS measurement can also be performed during the inactive state of eDRX. GNSS TTFF will take a long time. Therefore, if the GNSS measurement is performed at RRC_CONNECTED state, the UE will have to interrupt data transmission and needs be resynchronized after the GNSS measurement. It is suggested that GNSS measurement should be conducted before DL synchronization for this case. In this sense, TAU3412 timer would be one trigger to launch the GNSS signal reception.


[bookmark: _Ref66179561][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 2 GNSS signal reception and IoT UE wakeup

Proposal 9: The UE triggers the GNSS measurement when it is waken up due to T3412 timer expiration, and then enter IoT active state after GNSS measurement.
[bookmark: baidusnap1]Another usecase to trigger GNSS measurement is relative to the supervision timer T3413/T3415. For sporadic DL traffic, UE may launch GNSS measurements only if it received one page message to reduce battery consumption. GNSS measurement duration can be up to 10 seconds. After MME requests the lower layer to start paging, it may receive paging response after a long time (e.g.10 seconds). In specification TS 24.301, to initiate high level paging procedure initiated by the MME, the EMM (EPS Mobility Managed) entity in the network requests the lower layer to start paging and shall start the supervision timer T3413/T3415. Using the T3413/T3415 to trigger the GNSS measurement will reduce UE power consumption because UE keeps sleep state only if it receives the page and wake up. In other time, UE will not perform GNSS measurement.
Proposal 10: Network activates UE to perform the GNSS measurement via the configuration of T3413/T3415.

Conclusion
In this contribution, we analyzed potential issues of UL timing and frequency synchronization impact due to longer propogation delay and satellite moving in NTN-IoT. We have some following observations and proposals for enhancement on time and frequency synchronization in NTN-IoT: 

Observation 1: The new UL gap for long UL transmission will cause slot misalignment for (N)PUSCH, if the length of new UL gap is not the integer of a slot. 
Observation 2: UE may have the maximum initial frequency error more than 50KHz contributed by oscillator, Doppler shift and anchor carrier offset in S band.

Proposal 1: UL transmission segment duration can be provided to UE by dedicated RRC signaling in handover command.
Proposal 2: For small TA variation, TA adjustment is implemented by dropping tail samples of a segment or delaying a few samples for UL transmission.
Proposal 3: For large TA variation, the gap can be configured with
· Last symbol of a slot can be reserved for (N)PUSCH’s gap
· Original GP is reused for (N)PRACH’s gap.
Proposal 4: If SIBs are transmitted repeatedly, epoch time should be based on the transmitting time of the first SIB. 
Proposal 5: Support validity duration along with satellite ephemeris and Common TA is broadcasted in SIB to simplify the signaling design.
Proposal 6: After UE has lost uplink synchronization caused by unavailable new or additional assistance information, IoT NTN UE will go back to IDLE state and resynchronize.
Proposal 7: Suggest UE reports its valid duration of GNSS position fix to gNB.
Proposal 8: Increasing channel raster in IoT NTN is supported.
Proposal 9: The UE triggers the GNSS measurement when it is waken up due to T3412 timer expiration, and then enter IoT active state after GNSS measurement.
Proposal 10: Network activates UE to perform the GNSS position fix through the configuration of T3413/T3415.
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