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1. Introduction
[bookmark: _Hlk83047043]In RAN1 #106bis e-Meeting [1], the following agreements on the time and frequency synchronization for NB-IoT/eMTC over NTN were achieved:

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, remaining issues on UL segment transmission and new UL gap are discussed to support NB-IoT and eMTC over NTN.
2. UL Segment Transmission
UL segment transmission was discussed during previous RAN1 meetings. The recommendations about UL transmission segment NPUSCH/PUSCH are listed as follows:
RAN1 can further discuss down-scoping of candidate values of UL transmission segment NPUSCH/PUSCH 
· No down-scoping
· Per satellite orbit
· FSS min X1 ms for LEO, Y1 ms for MEO, Z1 ms for GEO
· FFS max X2 ms for LEO, Y2 for MEO, Z2 ms for GEO
In our opinion, it is still rough classification if UL transmission segments are configured only based on satellite orbit type, e.g., LEO, MEO, GEO. Precise UL transmission segments configuration also depends on many other factors, e.g., elevation angle, system numerology and timing accuracy requirements. Hence, we prefer a common segment set for supporting various orbits without down-scoping.
[bookmark: OLE_LINK5]According to the achieved agreements, the PUSCH repetition unit for NB-IoT is . According to table 1, repetition unit durations are {4ms, 8ms, 16ms, 32ms}. For LEO scenario, considering that the maximum TA drift rate including both feeder link and service link is 93 us/s and the transmit timing error  is 80* for NB-IoT, the candidate segment transmission durations can be {4ms, 8ms, 16ms, 32ms}. For GEO scenario, the maximum TA drift rate is zero, and the candidate segment transmission durations can be {4ms, 8ms, 16ms, 32ms, 64ms, 128ms, 256ms}. Hence, the candidate segment transmission durations can be {4ms, 8ms, 16ms, 32ms, 64ms, 128ms, 256ms} for various satellite orbits.
Table 1: Repetition unit duration for PUSCH transmission
	
	
[kHz]
	
	
	
	repetition unit duration

	NB-IoT
	15
	2
	4
	0.5 ms
	4ms

	
	15
	4
	4
	0.5 ms
	8ms

	
	15
	8
	4
	0.5 ms
	16ms

	
	15
	16
	1
	0.5 ms
	8ms

	
	3.75
	16
	1
	2 ms
	32ms


Proposal 1: For PUSCH transmission segment duration of NB-IoT, use 3-bit field with 7 candidate values {4ms, 8ms, 16ms, 32ms, 64ms, 128ms, 256ms} for various satellite orbits.
For PRACH transmission, the repetition unit for NB-IoT is P symbol groups. According to table 2, repetition unit durations are 5.6ms, 6.4ms and 19.2ms for format 0/1/2, respectively. In order to support various satellite orbits, the candidate segment transmission durations of format 0/1 can be {2*4*(TCP + TSEQ), 4*4*(TCP + TSEQ), 8*4*(TCP + TSEQ), 16*4*(TCP + TSEQ), 32*4*(TCP + TSEQ)}. For format 2, the candidate segment transmission durations can be {1*6*(TCP + TSEQ), 2*6*(TCP + TSEQ), 4*6*(TCP + TSEQ), 8*6*(TCP + TSEQ)}.
Table 2: Repetition unit duration for PRACH transmission 
	
	Format
	[bookmark: OLE_LINK6]repetition unit duration

	NB-IoT
	0
	4*(TCP + TSEQ) = 5.6ms

	
	1
	4*(TCP + TSEQ) = 6.4ms

	
	2
	6*(TCP + TSEQ) = 19.2ms


Proposal 2: For PRACH transmission segment duration of NB-IoT, use 
3-bit field with 5 candidate values {2*4*(TCP + TSEQ), 4*4*(TCP + TSEQ), 8*4*(TCP + TSEQ), 16*4*(TCP + TSEQ), 32*4*(TCP + TSEQ)} for format 0 and 1, 
[bookmark: OLE_LINK1]2-bit field with 4 candidate values {1*6*(TCP + TSEQ), 2*6*(TCP + TSEQ), 4*6*(TCP + TSEQ), 8*6*(TCP + TSEQ)} for format 2.
The following agreement was made during RAN1#106bis-e on configuration of UL transmission segment:
Configuration of UL transmission segment is indicated on SIB at least for initial access
•	FFS via UE-specific RRC signalling in RRC_CONNECTED
In our view, the configuration via signalling on SIB should be a baseline. While, if there are different segments among UEs within a cell, it is better to configure the UL transmission segment via UE-specific RRC signalling.
Proposal 3: Support to indicate configuration of UL transmission segment via UE-specific RRC signalling.
3. UL Gap
In legacy mechanism, an UL gap with 40ms is added after long UL transmission exceeding 256ms, TA value and doppler offset can be re-calculated and compensated during the UL gap. While in IoT over NTN, the issue about UL segment duration has reached some consensuses, e.g., some candidate durations do not exceed 256ms. Hence, if only reuse the legacy UL gaps for timing and frequency synchronization, the TA value and doppler offset cannot be updated in time and will be out of date, which will cause larger error for next continuous transmission.
To support segmented transmission mechanism, time gaps are needed to operate timing and frequency pre-compensation before the next segment transmission. The normal transmission will be stopped during the gaps. 
Observation 1: Time gaps are needed to operate timing and frequency pre-compensation between two adjacent segments.
In our opinion, the gap length can be either X ms or even Y symbols, where X or Y can be configured by network or pre-determined. Specifically, the details of gaps, including gap number, gap length and action time, can be flexibly configured by network. Moreover, with this gap, the issue of the potential overlapping between two adjacent segments due to compensated with different TA values can be solved.

Proposal 4: Support to configure time gaps for timing and frequency pre-compensation during UL transmission.
4. [bookmark: _Hlk25060711][bookmark: _Ref498564494][bookmark: _Hlk521582650]Conclusion
In this contribution, we discussed the issues about long UL transmission and new UL gap with the following observations and proposals:
Observation 1: Time gaps are needed to operate timing and frequency pre- compensation between two adjacent segments.
Proposal 1: For PUSCH transmission segment duration of NB-IoT, use 3-bit field with 7 candidate values {4ms, 8ms, 16ms, 32ms, 64ms, 128ms, 256ms} for various satellite orbits.
Proposal 2: For PRACH transmission segment duration of NB-IoT, use 
3-bit field with 5 candidate values {2*4*(TCP + TSEQ), 4*4*(TCP + TSEQ), 8*4*(TCP + TSEQ), 16*4*(TCP + TSEQ), 32*4*(TCP + TSEQ)} for format 0 and 1, 
2-bit field with 4 candidate values {1*6*(TCP + TSEQ), 2*6*(TCP + TSEQ), 4*6*(TCP + TSEQ), 8*6*(TCP + TSEQ)} for format 2.
Proposal 3: Support to indicate configuration of UL transmission segment via UE-specific RRC signalling.
Proposal 4: Support to configure time gaps for timing and frequency pre-compensation during UL transmission.
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