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1. Introduction
In RAN1#106-e [1], it was agreed to introduce K_offset for a lot of timing relationships of NB-IoT/eMTC as identified in TR 36.763 with support of UE-specific Koffset in CONNECTED mode. Meanwhile, the UE-specific TA reporting was also agreed without consensus on the details. 
In this contribution, the remaining timing relationships are discussed, e.g., PUSCH/NPUSCH using PUR, etc. And the detailed views on TA reporting are proposed regarding the content of TA, procedure of TA reporting. As to UL-DL collisions for half duplex UE, the typical case of 2 HARQ processes is highlighted to clarify the necessary adaptation on applying large TA in NTN scenarios.
1. Discussion on remaining time relationships
In this section, both timing relationships and indication/updates of K_offset/Kmac are discussed.
· PUSCH/NPUSCH using PUR
The necessity of supporting PUR in IoT-NTN and corresponding issues especially for LEO satellite scenarios are justified in our contribution [2] with analysis on the impact of TA validation, and configuration of resource.
Based on the existing spec as shown below, it can be found that UE starts the PUR response window from the end of PUSCH transmission plus 4 subframes [3]. For IoT-NTN, given the UL-DL frame timing shift (i.e. the offset is the value of large TA) at UE side, the start or restart of pur-ResponseWindowTimer should be delayed with K_offset.  
------ omit part-----
After transmission using PUR, the MAC entity shall monitor PDCCH identified by PUR-RNTI in the PUR response window using timer pur-ResponseWindowTimer, which starts at the subframe that contains the end of the corresponding PUSCH transmission plus 4 subframes, and has the length pur-ResponseWindowSize. While pur-ResponseWindowTimer is running, the MAC entity shall:
-	if the PDCCH transmission is addressed to the PUR-RNTI and contains an UL grant for a retransmission:
-	restart pur-ResponseWindowTimer at the last subframe of a PUSCH transmission corresponding to the retransmission indicated by the UL grant plus 4 subframes.
----- omit part --------
Proposal-1: For NB-IoT/eMTC over NTN, start or restart of pur-ResponseWindowTimer should be delayed with K_offset.
· PDCCH order to NPRACH (for NB-IoT/eMTC)
In RAN1#106-e meeting, it was agreed to introduce K_offset to determine the next available PRACH occasion for UL transmission of the PDCCH ordered PRACH in NR-NTN. Then, similar conclusion can be reused for IoT-NTN case.
Proposal-2: For NB-IoT/eMTC over NTN, introduce K_offset to enhance the timing of PDCCH order to PRACH.
· Preamble retransmission (for NB-IoT/eMTC)
The point is to clarify the understanding on the timing in legacy specification [4]. For example for NB-IoT, assuming that TA is not taken into account and the UE will conduct the preamble retransmission in UL subframe # n+12 with the received RAR ending in subframe n. However, with consideration that a UE transmits a preamble in actual UL subframe index #, i.e., in fact large TA is performed by UE for this transmission, then the enhancement is needed. 
Proposal-3: For NB-IoT/eMTC over NTN, introduce K_offset to enhance the timing of preamble retransmission.
· Indication/updates of K_offset/Kmac
Basically, the initial signalling of K_offset and/or Kmac (if Kmac is not equal to 0) can be applied for timing relationships of IoT-NTN, if no indication of updating values were received. Moreover, the mechanism of updating K_offset and/or Kmac in NR-NTN can be reused. 
Proposal-4: Reuse the signalling mechanism on indication/updates of K_offset and/or Kmac concluded in NR-NTN.
1. UE-specific TA reporting
The content of reported TA and frequency of reporting TA were discussed in RAN1#106-e meeting [5], as well as in RAN2#115e [6]. And some agreements were agreed in RAN2 as follows:
[under AI of NB-IoT and eMTC support for NTN]
RAN2 assumes that TA information (FFS what) reporting by the UE on network enabling will be needed in IoT NTN. Expect RAN1 need to progress on this, and can maybe reuse NR NTN progress. FFS in which message this is provided.
[under AI of NR NTN]
Event-triggers for reporting on the information about UE specific TA in connected mode is supported. FFS on the details. Confirmation by RAN1 is also needed
In our view, regarding the TA reported, the unified solution can be considered for both NR-NTN and IoT-NTN as elaborated in our contribution [7].
Proposal-5: A unified solution for TA reporting should be supported for both NR-NTN and IoT-NTN.
3.1 Content of reported TA
Following proposals were extensively discussed in RAN1 [5]:  
· Option 1: UE-specific NTA, UE-specific 
· Option 2: UE-specific full TA applicable to UL transmission
· Option 3: UE location 
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset 
· Option 5: Difference between the last applied K_offset (e.g., cell-specific K_offset or UE-specific K_offset indicated by the network) and one new K_offset suggested by UE 
· Option 6: Differential indication
· Option 7: Reporting of a stationarity indication + Option 1 or Option 2
In our view, for the partial vs full TA, from technical perspective, it’s preferred to report the full TA, which is applied by UE (i.e., full TA including both feederlink and service link) for UL transmission with compatibility for all implementation cases. For example, if no common TA is indicated by the network, it means that the time-variant common TA will be handled by eNB, in this way, the applied TA for UL transmission will be same as the TA for service link only. However, if the common TA part with corresponding parameter related to the drift rate is informed to the UE, it will lead to the additional complexity on the TA calculation at eNB if only partial TA is reported. Moreover, errors will occurs once the misalignment time instant for calculation is assumed between UE and eNB. Then, the full TA reported from UE side is preferred. Moreover, as to the benefit of signaling overhead of partial TA report such as 1 bit, in fact it’s negligible in a long TA report period which may be very long for a stationary UE.
W.r.t to whether enable the differential TA report, in our view, it can be considered to further optimize the overhead, but at least the full TA should be done in the first reporting as shown in Figure 1 to provide the reference point. Moreover, since the granularity of report TA can be coarse to reduce the overhead, the differential TA report can be achieved by introducing one bit indication. However, in case of short transmission for IoT case, the further updates by differential indication may not be needed since the UE will switch to the idle or PSM.
[image: ]
[bookmark: _Ref12873]Figure 1 Update UE specific K_offset based on TA reporting
For the UE location report, we do have some concern whether to introduce such feature from PHY layer perspective considering the serious security and regulatory risk. While regarding Option 7, e.g., reporting of a stationarity indication + Option 2, in this situation, latency and complexity can be reduced for UE, because a stationary UE especially in GEO satellite scenario may only report TA once, i.e. the first reported TA. 
Proposal-6: At least the report of the full applied TA for UL transmission should be supported in the first report. 
Proposal-7: For the subsequent TA reporting if required in IoT case with short transmission, indication of differential value (e.g., via one bit) can be considered to reduce the signalling overhead. 
Furthermore, for segment pre-compensation, the proper time pre-compensation should be applied for each part of the long transmission. In this case, the value of applied TA may be different. Then, the selection of TA value should be specified to provide the latest value to network. For example, in the TA report via NPUSCH in either RACH procedure or based the grant from gNB, the latest TA applied for the last segment can be reported.
Proposal-8: In case of segment pre-compensation, the latest TA value applied for the last segment should be reported.
[bookmark: _GoBack]3.2 Procedure of TA reporting 
As mentioned above, a unified solution with simplified procedure is preferred. In addition to the TA reporting in the initial access stage, in IoT-NTN scenarios, with consideration on the short sporadic transmission, it seems that only limited report may be needed during the RRC connected mode, especially for LEO with shorter serving time for each UE per satellite.
In this case, if event trigger mechanism is used, huge latency and signaling overhead required to complete the reporting procedure as shown in Figure 2, and especially the larger repetition number is expected for each DL and UL transmission. Then, the network request based solution can be considered as compromise with balance on the flexibility, accuracy and overhead.
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[bookmark: _Ref32578]Figure 2 Additional delay in event triggered behavior
Proposal-9: The network request based TA reporting should be supported.
1. UL-DL collision for half duplex UE
It was agreed that reporting UE-specific TA can avoid UL-DL collision in FDD-HD UE in IoT-NTN. Meanwhile, the UL-DL collision issue may arise when two HARQ-Processes is configured, according to existing specification in TS 36.213/16.6, it should be considered to adapt impact of introduction of K_offset due to large TA effect. For instance, assume NPUSCH transmission of 1st HARQ process start from subframe n+k+K_offset, for single TB unicast case, a UE can continue receiving 2nd DCI Format N0 before subframe n+k-2+K_offset, and the scheduled NPUSCH of second HARQ process will not exceed UL subframe n+k+255+K_offset. Then with the retained constraint in current specification, the collision between the UL transmission and potential 2nd PDCCH reception can be avoided. 
Proposal-10: For two HARQ-Processes, introduce K_offset to maintain the timing between the UL transmission of 1st HARQ process and potential PDCCH reception of 2nd HARQ process.
1. Others
· [bookmark: _Hlk80215312][bookmark: _Ref80215985][bookmark: _Toc80796772]PDCCH monitoring restrictions
In our view, reduced PDCCH monitoring is not needed in this WI. While it should be considered to adapt impact of introduction of K_offset. 
· [bookmark: _Ref80214956][bookmark: _Toc80796776]Interrupted downlink/Guard subframes
We think calculation of guard subframes does not need to take account of the exact value of TA, that means the guard subframes in which UE doesn’t monitor PDCCH may be relaxed, when K_offset is larger than TA. However, necessary adaption of timing may be needed considering the TA effect of subsequent UL transmission after the guard subframes.
Proposal-11: Necessary adaption of timing is needed for interrupted downlink/Guard subframes.
1. RRC parameters
Our views are provided in this section regarding the list of RRC parameters on timing relationship enhancement for IoT-NTN [8]. Given the current progress, all parameters listed in the Table 1, should be removed from the list. More specifically, similar as NR-NTN, only the MAC CE updates on the K_offset may be needed, and no additional RRC parameter is needed. 
For the TA report related parameter, there is no agreement to justify the new RRC parameter and based on the proposal in Section 3, the solution can be done without any RRC impacts once the granularity for report is fixed. 
Proposal-12: The updates on the RRC parameters listed in Table-1 should be supported. 
1. Conclusions
In this contribution, discussion on remaining timing relationship, UL scheduling for FDD-HD, and UE-specific TA maintenance and reporting are conducted, with following proposals: 
Proposal-1: For NB-IoT/eMTC over NTN, start or restart of pur-ResponseWindowTimer should be delayed with K_offset.
Proposal-2: For NB-IoT/eMTC over NTN, introduce K_offset to enhance the timing of PDCCH order to PRACH.
Proposal-3: For NB-IoT/eMTC over NTN, introduce K_offset to enhance the timing of preamble retransmission.
Proposal-4: Reuse the signalling mechanism on indication/updates of K_offset and/or Kmac concluded in NR-NTN.
Proposal-5: A unified solution for TA reporting should be supported for both NR-NTN and IoT-NTN.
Proposal-6: At least the report of the full applied TA for UL transmission should be supported in the first report. 
Proposal-7: For the subsequent TA reporting if required in IoT case with short transmission, indication of differential value (e.g., via one bit) can be considered to reduce the signalling overhead.
Proposal-8: In case of segment pre-compensation, the latest TA value applied for the last segment should be reported.
Proposal-9: The network request based TA reporting should be supported.
Proposal-10: For two HARQ-Processes, introduce K_offset to maintain the timing between the UL transmission of 1st HARQ process and potential PDCCH reception of 2nd HARQ process.
Proposal-11: Necessary adaption of timing is needed for interrupted downlink/Guard subframes.
Proposal-12: The updates on the RRC parameters listed in Table-1 should be supported. 
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Appendix:
[bookmark: _Ref83842451]Table 1  Updated RRC parameter for Timing relationship
	WI code
	Sub-feature group
	RAN1 specification
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific
	Specification
	Comment

	LTE_NBIOT_eMTC_NTN
	Timing relationships-Koffset-IoT NTN
	36.213
	UE-specific-Koffset -NB-r17
	new
	Koffset configuration for UL scheduling
	The UE-specific K_offset can be provided and updated by network 
	TBD
	　
	UE
	UE-specific
	36.331
	FFS Details 

	LTE_NBIOT_eMTC_NTN
	Timing relationships-Koffset-IoT NTN
	36.213
	UE-specific-Koffset -r17
	new
	Koffset configuration for UL scheduling
	The UE-specific K_offset can be provided and updated by network 
FFS Details 
	TBD
	　
	UE
	UE-specific
	36.331
	FFS Details 

	LTE_NBIOT_eMTC_NTN
	Timing relationships-TAreport-IoT NTN
	36.213
	TBD
	new
	TBD
	Details are TBD
	TBD
	　
	UE
	UE-specific
	36.331
	TBD

	LTE_NBIOT_eMTC_NTN
	Timing relationships-TAreport-IoT NTN
	36.213
	TBD
	new
	TBD
	Details are TBD
	TBD
	　
	UE
	UE-specific
	36.331
	TBD
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