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[bookmark: DocumentFor]Introduction
[bookmark: _Hlk521259925]In RAN1#104b-e meeting, agreements were achieved on enhancements to time and frequency synchronization for NB-IoT/eMTC application over NTN [1]:
	Agreement:
· Capture in TR 36.763, moderator’s summary of GNSS Position fix impact on UE power consumption based on Appendix A Section 5.1
· Capture in TR 36.763, individual companies battery life analysis in Appendix A


Agreement:
UE pre-compensation done per N time units for long PUSCH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N

Agreement:
UE pre-compensation done per N time units for long PRACH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N

Agreement:
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

Agreement:
Capture the following in the TR:
The required power consumption to read SIB containing satellite ephemeris information for the short sporadic connections use case is not significant. 
· Note: For this conclusion, it is assumed that the UE need not read broadcast SIB for the purpose of obtaining satellite ephemeris information in CONNECTED mode.


In this contribution, we will discuss some time and frequency synchronization related aspects for IoT over NTN.
Discussion
[bookmark: _Hlk71359562]GNSS measurements
In RAN1#104b-e meeting, Moderator suggested for further discussion on GNSS measurements [2].
	FL recommendation – Section 2.1.1:
· Companies are encouraged to further discuss scenarios, motivation and solution to ensure there is a sufficient gap for GNSS measurements in idle UE or connected UE and to discuss offline to align on understanding of legacy procedures (i.e. configuration of paging, DRX timers). Further consider whether issue should first be discussed in RAN2. 


In our view, prior to UL transmission the UE may have to perform GNSS measurements to aid UL synchronization if its previous GNSS measurement is no longer valid.
For normative work in Rel 17 which would focus on the “short, sporadic connection” case, UE would make GNSS measurements for initial access, and there is no need to do GNSS measurements in connected mode in Rel 17.
For sporadic UL traffic, UE may make GNSS measurements up to UE implementation before sending Msg 1/Msg A, thus, no specification change is needed.
For sporadic DL traffic, UE may perform GNSS measurements after a paging occasion and only if it has been paged to reduce battery consumption. As summarized by Moderator [2], GNSS measurement duration can be up to 10 seconds, which implies that after MME requests the lower layer to start paging, it may receive paging response after a long time (e.g., 10 seconds).


Figure 1: Paging procedure using S-TMSI.
As shown in Figure 1, in current specification (TS 24.301 [3]), 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 timer:
· T3415 for this paging procedure, if the network accepted to use eDRX for the UE and the UE does not have a PDN connection for emergency bearer services.
· Otherwise, T3413 for this paging procedure.
T3413/T3415 is a supervision timer for the paging procedure. The MME can re-attempt the paging procedure if T3413/T3415 expires before a response is received.
Note that the expiry time of T3413/T3415 is implementation dependent and is not specified in 3GPP, network operator may configure expiry time of T3413/T3415 considering GNSS measurement duration (e.g., 10 seconds) impact in NTN scenario. Thus, for sporadic DL traffic, the existing timers (e.g., T3413/T3415) can be configured large enough to ensure a sufficient gap to accommodate GNSS acquisition after decoding the paging message and before initiating UL transmission.
Based on the above discussion, there is no need to specify GNSS measurements windows.
Observation 1: Prior to UL transmission the UE may have to perform GNSS measurements to aid UL synchronization if its previous GNSS measurement is no longer valid.
Observation 2: Focus on the “short, sporadic connection” case, UE would make GNSS measurements for initial access, and there is no need to do GNSS measurements in connected mode.
Observation 3: For sporadic UL traffic, UE may make GNSS measurements up to UE implementation before sending Msg 1/Msg A.
Observation 4: For sporadic DL traffic, UE may perform GNSS measurements after a paging occasion and only if it has been paged to reduce battery consumption. The existing timers (e.g., T3413/T3415) can be configured large enough to ensure a sufficient gap to accommodate GNSS acquisition after decoding the paging message and before initiating UL transmission.
Proposal 1: There is no need to specify GNSS measurements windows.

[bookmark: _Hlk71378699]PRACH Congestion issue for NTN SIB reading
In RAN1#104b-e meeting, Moderator suggested for further discussion on 2.2	PRACH Congestion issue [2].
	FL recommendation – Section 2.3.3.1:
Proponents of PRACH congestion issue are encouraged to provide some analysis on scenarios and consider whether network configuration can mitigate issue of PRACH congestion.




Figure 2: PRACH Congestion issue for sporadic DL traffic.
[bookmark: _Hlk71379144]In our view, for sporadic DL traffic, PRACH congestion issue may be alleviated by aligned configuration of DRX and SIB containing satellite location information. As shown in Figure 2, when a UE wakes up from long DRX, it may read SIB first to acquire satellite ephemeris, and then send PRACH. Nevertheless, as DRX is per UE configured, PRACH congestion issue can be alleviated by properly arranging DRX configuration for all UEs.
Nevertheless, for sporadic UL traffic, PRACH congestion seems to be a potential issue since aligned configuration of DRX and SIB does not work. Hence, PRACH congestion issue for sporadic UL traffic needs further study.
Observation 5: For sporadic DL traffic, PRACH congestion issue can be alleviated by aligned configuration of DRX and SIB containing satellite location information.
Proposal 2: PRACH congestion issue for sporadic UL traffic needs further study.

Long UL transmission on PUSCH
In RAN1#104b-e meeting, it was agreed that UE need not read broadcast SIB for the purpose of obtaining satellite ephemeris information in CONNECTED mode [1].
	Agreement:
Capture the following in the TR:
The required power consumption to read SIB containing satellite ephemeris information for the short sporadic connections use case is not significant. 
· [bookmark: _Hlk71382575]Note: For this conclusion, it is assumed that the UE need not read broadcast SIB for the purpose of obtaining satellite ephemeris information in CONNECTED mode.


Thus, new or extended PUSCH UL Compensation Gap (UCG) for SIB read to update satellite position seems no needed.
Proposal 3: New or extended PUSCH UL Compensation Gap (UCG) is no need for SIB read to update satellite position.

Nevertheless, more frequent updates of the pre-compensation than every 256 ms are needed. In RAN1#104b-e meeting, UE pre-compensation done per N time units for long PUSCH was agreed [1].
	Agreement:
[bookmark: _Hlk71385745][bookmark: _Hlk71382268]UE pre-compensation done per N time units for long PUSCH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N


Assuming a delay drift rate of up to 20 us/s, the delay varies over n ms by 0.02 * n us (= 20 us/s * n ms/1000 ms) in either service link or feeder link. Note that the transmit timing error Te=80*Ts=2.6 us for NB-IoT and Te=24*Ts=0.78 us for eMTC [4], then considering the delay varying in both service and feeder links, the time-domain granularity for UE pre-compensation should be no larger than 65 ms (=2.6us / 0.02 us / 2) for NB-IoT and 19.5 ms (=0.78us / 0.02 us / 2) for eMTC.
Observation 6: The time-domain granularity for UE pre-compensation for long PUSCH transmission should be no larger than 65 ms for NB-IoT and 19.5 ms for eMTC.
Regarding the time unit for UE pre-compensation, ms or subframe is preferred, and the value N may selected from 1..64.
Proposal 4: The time unit for UE pre-compensation for long PUSCH transmission is ms or subframe.
Proposal 5: The value N for UE pre-compensation for long PUSCH transmission is selected from 1..64.

Long UL transmission on PRACH
In RAN1#104b-e meeting, UE pre-compensation done per N time units for long PUSCH was agreed [1].
	Agreement:
UE pre-compensation done per N time units for long PRACH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N


In our view, the similar observation and proposal for UL transmission on (N)PUSCH can be made for long UL transmission on PRACH, i.e.,
Observation 7: The time-domain granularity for UE pre-compensation for long PRACH transmission should be no larger than 65 ms for NB-IoT and 19.5 ms for eMTC.
Proposal 6: The time unit for UE pre-compensation for long PRACH transmission is ms or subframe.
Proposal 7: The value N for UE pre-compensation for long PRACH transmission is selected from 1..64.
Conclusions
In this contribution, we share our views on related issues on UL time and frequency synchronization enhancements for IoT over NTN. The observations and proposals are summarised as follows:
Observation 1: Prior to UL transmission the UE may have to perform GNSS measurements to aid UL synchronization if its previous GNSS measurement is no longer valid.
Observation 2: Focus on the “short, sporadic connection” case, UE would make GNSS measurements for initial access, and there is no need to do GNSS measurements in connected mode.
Observation 3: For sporadic UL traffic, UE may make GNSS measurements up to UE implementation before sending Msg 1/Msg A.
Observation 4: For sporadic DL traffic, UE may perform GNSS measurements after a paging occasion and only if it has been paged to reduce battery consumption. The existing timers (e.g., T3413/T3415) can be configured large enough to ensure a sufficient gap to accommodate GNSS acquisition after decoding the paging message and before initiating UL transmission.
Observation 5: For sporadic DL traffic, PRACH congestion issue can be alleviated by aligned configuration of DRX and SIB containing satellite location information.
Observation 6: The time-domain granularity for UE pre-compensation for long PUSCH transmission should be no larger than 65 ms for NB-IoT and 19.5 ms for eMTC.
Observation 7: The time-domain granularity for UE pre-compensation for long PRACH transmission should be no larger than 65 ms for NB-IoT and 19.5 ms for eMTC.
Proposal 1: There is no need to specify GNSS measurements windows.
Proposal 2: PRACH congestion issue for sporadic UL traffic needs further study.
Proposal 3: New or extended PUSCH UL Compensation Gap (UCG) is no need for SIB read to update satellite position.
Proposal 4: The time unit for UE pre-compensation for long PUSCH transmission is ms or subframe.
Proposal 5: The value N for UE pre-compensation for long PUSCH transmission is selected from 1..64.
Proposal 6: The time unit for UE pre-compensation for long PRACH transmission is ms or subframe.
Proposal 7: The value N for UE pre-compensation for long PRACH transmission is selected from 1..64.
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