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1. [bookmark: _Ref18181]Introduction
In RAN#94e [1], the RAN1 part specification for IoT-NTN has been thought sufficient for generating RRC parameters, UE feature definitions, and specifications. However, there are still remaining FFS in following synchronization related agreements that should be resolved in maintenance phase.
Agreement:
Validity timer duration is configured per cell and indicated to the UE in X bits with:
· Value range {5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240}
· Unit is second
· FFS Additional values for GEO
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 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
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
Agreement:
At least UL transmission segment duration with one value X for NPRACH for NB-IoT and PRACH for eMTC may be indicated on SIB
· For NB-IoT/eMTC, X is one of K candidate values for the UL transmission segment duration of NPRACH/PRACH 
· FFS One value X, one or more values Xi  
1. Discussion on long transmission enhancement
1. Segment duration for NPRACH/PRACH 
The number of indicated segment duration values for NPRACH for NB-IoT and PRACH for eMTC is also FFS as shown above. It has already been agreed that one value is indicated for NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC. Hence, indicating only one value for NPRACH/PRACH can be adopted naturally. Supporting indicating more than one segment duration values for NPRACH/PRACH is only for optimization of UE’s implementation, i.e., reducing the number of segments for UEs experiencing slower TA drift, which is not essential especially with consideration that NPRACH/PRACH transmission is not as frequent as NPUSCH/PUSCH. Further, when the cell size is not very large, indicating multiple segment duration values for UEs with different elevation angle cannot obviously optimize UE’s implementation. On the contrary, the signaling overhead may be increased instead. Thus, simply indicating one segment duration value for NPRACH/PRACH should be adopted.
Proposal 1: UL transmission segment duration with one value X for NPRACH for NB-IoT and PRACH for eMTC may be indicated on SIB.
· For NB-IoT/eMTC, X is one of K candidate values for the UL transmission segment duration of NPRACH/PRACH 
· Only one X is indicated for all UEs within the cell
1. TA report during long transmission 
Regarding TA reporting, RAN2 has agreed to support it in RACH procedure.
For IoT-NTN [2]
· Do not mandate Msg3 or Msg5 to include TA report MAC CE, and whether it can be included depends on the TB size of Msg3 or Msg5.
· Reuse NR NTN’s TA reporting trigger event in IoT NTN, i.e., a TA offset threshold between current TA and the last successfully reported TA is used for event-triggered TA reporting.
Although RAN2 has agreed the framework of TA report, the details of the procedure are still not clear, e.g., how to determine the reported TA value, which requires RAN1 discussion. The basic timeline of TA report is as shown in Figure 1. From the figure, it can be observed that there is obvious delay between the time instants of triggering TA report (t0) and real transmission (t2). In order to ensure the latest TA is reported, the reported TA value should be determined based on the time instant of real UL transmission instead of when it is triggered. 
[image: ]
[bookmark: _Ref28794]Figure 1 Timeline of TA report
Moreover, since segment pre-compensation is used for UL pre-compensation in IoT-NTN, the applied TA values for different segments may be varied. Therefore, it is possible that TA reporting trigger event occurs during the transmission of Msg3 or Msg5 (e.g., sometimes, the multiple TA values corresponding to the segments cross a slot boundary) as shown in Figure 2 especially when repetition number is very large. In this case, if TA report is performed in RACH procedure, UE should determine the reported TA value based on latest segment of Msg3 or Msg5 (i.e., t3 in Figure 1). Otherwise, additional TA report will be needed immediately after this report, which wastes signaling. Furthermore, if the gap between K_offset and TA report value is minimized to increase spectrum the efficiency, the untimely TA report may lead to the case where applied TA exceeds the tolerance of K_offset, which should be avoided.
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[bookmark: _Ref1658][bookmark: _Ref18097]Figure 2 TA reporting triggered during long transmission
W.r.t. TA report in connected mode, triggering TA report event during long transmission may also occur in certain scenarios. In NB-IoT, the maximum duration of a NPUSCH can be 2*16*10*128/1000 = 40.96 s (3.75 kHz SCS, N_RU =10, 128 repetitions). And in LEO-600, the maximum TA drift rate can be larger than 90 us/s. Hence, the maximum TA drift may be as large as 40.96*90/1000 = 3.6 ms, which is larger than 3 slots, i.e., TA report event is triggered 3 times. With this regard, determining the reported TA value based on the TA for last segment should also be adopted for TA report in connected mode. Otherwise, restriction on the repetition number may be required to ensure the TA report transmission ends before next triggering, which leads to the result that MCL in IoT-NTN cannot be assumed same as in legacy terrestrial NB-IoT.
Proposal 2: UE should determine the reported TA value based on the time instant of real UL transmission instead of the time instant of triggering.
Proposal 3: In case of segment pre-compensation, the TA value applied for the last segment should be used for reporting.
1. Discussion on the validity timer
2. Validity duration for GEO case 
In RAN1#107e [3], the validity duration for serving satellite ephemeris and common TA is discussed and following agreement was reused from NR-NTN, where whether and what additional duration values should defined for GEO case are still FFS.
Agreement
NTN validity duration is configured per cell and indicated to the UE in X bits with:
· Value range { 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240}
· Unit is second
· FFS Additional values for GEO 
In reality, the satellite mobility will be disturbed by various factors. Even in GEO cases, the satellite cannot keep a stationary ECEF coordinate. It is not appropriate to configure a too long validity duration, e.g., infinity. Moreover, short sporadic transmission scenario is considered in Rel-17, where the transmission is not likely to be longer than 240s. Hence, there is no need to specifically design a duration value for GEO.
Proposal 4: Additional validity duration values for GEO is not supported. 
1. [bookmark: _GoBack]Conclusions
In this contribution, detailed analysis on the synchronization related issues for NTN is conducted with following proposals and observations:
Proposal 1: UL transmission segment duration with one value X for NPRACH for NB-IoT and PRACH for eMTC may be indicated on SIB.
· For NB-IoT/eMTC, X is one of K candidate values for the UL transmission segment duration of NPRACH/PRACH 
· Only one X is indicated for all UEs within the cell
Proposal 2: UE should determine the reported TA value based on the time instant of real UL transmission instead of the time instant of triggering.
Proposal 3: In case of segment pre-compensation, the TA value applied for the last segment should be used for reporting.
Proposal 4: Additional validity duration values for GEO is not supported. 
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