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1.	Introduction
We presented our views on the following three issues.
· UL timing requirements for Segmented UL transmission
· Relaxation of UL timing requirements
· Relaxation of Initial Cell Search
2. 	Discussion
UL timing requirements for Segmented UL transmission
There have been the following open items regarding IoT UE UL transmission timing requirements and behaviour.
	· Sub-topic 3-1: timing adjustment during a UL repetition period.
· No conclusion:
· Proposal 1: RAN4 shall clarify the IoT NTN behaviour in TS 36.133 for Rel-17 to allow UEs to adjust TA during the ongoing repetition. 
· Proposal 2: RAN4 shall specify the IoT NTN behaviour in TS 36.133 to ensure the UE keeps a constant TA value within each segment 
· Sub-topic 3-3: further study on UE transmission timing error 
· No conclusion:
· Proposal 1: investigate the following cases A-C for UE transmit error impact
· Case A: The UE attempts to adjust the initial transmission timing error to be as close to 0 s as possible. The network-controlled segment duration may be defined such that the transmission timing at the end of the segment is causing an error of Te (due to the timing advance change).
· Case B: The UE attempts to adjust the initial transmission timing error to be -0.5*Te. Using the same segment duration as in case A, this means the UE stops the transmission when the timing advance change causes an error of 0.5*Te.
· Case C: The UE attempts to adjust the initial transmission timing error to be -Te. Assuming the network-controlled segment duration is configured similarly to case A, i.e. to stop when the transmission timing error is Te, the network-controlled segment duration can be twice as long as in cases A and B.
· Proposal 2: RAN4 shall further study if there is any specification impact when UE performs frequency hopping for IoT NTN



We also quote relevant RAN1 agreements pertaining to UE behaviour to pre-compensate UL propagation delay when UL repetitions are segmented.
	RAN1#104bis-e, 12th April – 20th April 2021, e-meeting

For enhancements to time and frequency synchronization
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
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

RAN1#107-e, 11th November – 19th November 2021, e-meeting
For NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC:
Agreement
UE pre-compensation per segment of NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC is applied from one segment to the next segment by using one or more of the following methods if supported by UE implementation
1. UE may drop / Insert samples / Puncture OFDM symbols  
2. UE may blank subframes / slots where UE skip a slot or a subframe
The total transmission time is not changed
UE autonomously Drop / insert samples / Puncture OFDM symbols or Blank subframes / slots where UE drops a subframe / slot
The method used for the UE pre-compensation is known to the eNB by a single UE capability 
· UE Blank subframes / slots where UE skip a slot or a subframe (slot is based on Sub Carrier Spacing)
FFS Details of method(s) to drop / insert samples, blanking subframes / slots (slot is based on Sub Carrier Spacing)
Agreement
For eMTC, UE pre-compensation per segment of PRACH is applied from one segment to the next segment by drop / insert samples in Guard Period of PRACH preamble.
· The total transmission time is not changed
· FFS Details of method(s) to drop / insert samples
 
For NPRACH for NB-IoT and PRACH for eMTC:
Agreement
For NB-IoT, UE pre-compensation per segment of NPRACH is applied from one segment to the next segment by using one or more of the following methods if supported by UE implementation
· UE may drop / Insert samples
· UE may blank subframe / repetition unit where UE drops a subframe / repetition unit
The total transmission time is not changed
FFS Details of method(s) to drop / insert samples / blank subframe / repetition unit 
FFS Specification impact



[bookmark: _Hlk115416092]Based on the reading of the agreements, it is crystal clear that UE shall compute a total propagation delay over service and feeder links, and accordingly advances an uplink transmission timing at the beginning of segmented block. The UL timing advance is updated and applied to subsequent segments, i.e. the update is performed on a segment-by-segment basis. Note that those agreements (highlighted in yellow) further confirm that there can be an accumulated large timing offset between the consecutive UL segments.

Observation 1: UE shall compute a total propagation delay over service link and feeder link, and it advances an uplink transmission timing at the beginning of segmented block. The UL timing advance is updated and applied to subsequent segments, i.e. the update is performed on a segment-by-segment basis.

With this observation, it can be concluded that NW should properly configure the size of the segment such that the impact of the accumulated timing error within and between segments can be minimized from NW perspective. In other words, the accumulated timing error during the segment should not be taken into account in UE UL transmission timing error.

Proposal 1: UL timing requirement is defined with respect to the first symbol of each segmented block.
Proposal 2: UE shall not readjust uplink transmission timing in the subsequent symbols within a segmented block.

Relaxation of UL timing requirements
As for UL transmission timing requirements for IoT NTN UE, the requirements should be relaxed to accommodate UE positioning error and satellite positioning error. Given the limited IoT UE’s computational complexity, the amount of the relaxation shall not be less than that of NR NTN.

Proposal 3: UE UL transmission timing requirement is relaxed to accommodate UE positioning error and satellite positioning error. The exact amount of the relaxation should not be less than that of NR NTN, i.e. 50m of UE position error and 30m of satellite position error.

Relaxation of Initial Cell Search
Lastly, one additional aspect that needs to be differently considered in defining IoT NTN requirements compared to NR NTN is a UE cell search complexity due to a large frequency offset in LEO scenario. When UE scans IoT NTN carrier frequencies to detect a cell, the number of hypothetical tests can be larger than that in TN which is so called frequency binning during cell search. Considering the limited IoT UE’s computational complexity, memory size, RF bandwidth, and etc., a UE cell search latency may need to be slightly relaxed as needed.

Proposal 4: Initial cell search latency is relaxed by [X]% compared to the existing requirements, if any relevant requirements are defined for NGSO.
3.	Conclusion
We presented our views on the following three issues.
UL timing requirements for Segmented UL transmission
Observation 1: UE shall compute a total propagation delay over service link and feeder link, and it advances an uplink transmission timing at the beginning of segmented block. The UL timing advance is updated and applied to subsequent segments, i.e. the update is performed on a segment-by-segment basis.
Proposal 1: UL timing requirement is defined with respect to the first symbol of each segmented block.
Proposal 2: UE shall not readjust uplink transmission timing in the subsequent symbols within a segmented block.

Relaxation of UL timing requirements
Proposal 3: UE UL transmission timing requirement is relaxed to accommodate UE positioning error and satellite positioning error. The exact amount of the relaxation should not be less than that of NR NTN, i.e. 50m of UE position error and 30m of satellite position error.

Relaxation of Initial Cell Search
Proposal 4: Initial cell search latency is relaxed by [X]% compared to the existing requirements, if any relevant requirements are defined for NGSO.
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