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1 Introduction
The WID on NB-IoT and eMTC over Non-Terrestrial Networks (NTNs) is approved in [1]
	Specify the following time and frequency synchronization enhancements, using NR_NTN_solutions WI  agreements as baseline, according to Section 8 in TR 36.763: 
-	UE pre-compensation including ephemeris format (orbital / Position -Velocity)
-	UE pre-compensation for UL synchronization in RRC_IDLE and RRC_CONNECTED states based at least on its GNSS-acquired position and the serving satellite ephemeris 
-	Timing advance formula (granularity of the timing advance may be different)
-	Combination of Open (i.e. UE autonomous TA estimation, and common TA estimation) and Closed TA (i.e., received TA commands) control loops in RRC_CONNECTED state
Agreements on the above are up to the decision in NR_NTN_Solutions WI and will be used for IoT NTN with minimum changes, if any. 

Specify the following time and frequency synchronization enhancements that are not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:
-	Long PUSCH and PRACH Transmission enhancements: segmented UE pre-compensations, new UL gaps and/or implementation solutions, time units and duration of segments.
-	Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects
-	DL synchronization enhancements: A single solution will be selected between: new channel raster, (part of) ARFCN-indication-in-MIB. 
-	GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission

Specify the following  IoT NTN specific timing relationships enhancements according to Section 8 in TR 36.763:
-	Timing relationships for NB-IoT / eMTC: as listed in Section 6.6.3 in TR 36.763 
-	UL scheduling for FDD-HD: Use of UE-specific TA and/or K_offset to avoid UL-DL collisions in FDD-HD
-	Signalling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signalling load and determination of the UE-specific TA.


In this contribution, we share our initial views on timing relationship enhancements to NB-IoT/eMTC over NTN.

2 UE-specific TA reporting
In RAN1#106_e, the following agreement on TA reporting had been achieved [2].
	Agreement:
UE-specific TA reporting is supported in IoT-NTN
· FFS: Detailed contents of report


Furthermore, in last meeting, the following proposal on the detail of UE-specific TA reporting had been discussed.
	FL Proposal 5.1.3-1:
For UE specific TA reporting, the contents of the report can be:
· A delay
· Down select from: 
· Option 1: UE specific TA, 
· Option 2: UE full TA, 
· Option 3: differential UE specific TA 
· Option 4: differential full UE TA. 
· Option 5: UE full TA via Msg3 + differential full UE TA thereafter
· UE location 


For UE-specific TA reporting, UE only need to report UE-specific NTA, UE-specific related information (i.e., RTT between UE and satellite). Reporting UE-specific full TA applicable to UL transmission will bring unnecessary signaling overhead, since common TA is known by UE and gNB. Therefore, reporting UE-specific NTA, UE-specific related information should be supported. In order to further reduce signaling overhead, differential indication of UE-specific NTA, UE-specific should be considered. The granularity of reporting UE-specific NTA, UE-specific should be same as the granularity of K_offset.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: For UE-specific TA reporting, UE only need to report UE-specific NTA, UE-specific related information (i.e., RTT between UE and satellite).
Proposal 2: The granularity of reporting UE-specific NTA, UE-specific should be same as the granularity of K_offset.

3 NPUSCH using PUR
In RAN1#106b_e, the following FL Recommendation on NPUSCH transmission using PUR had been made [3].
	Agreement:
Support PUR at least for GEO-based IoT NTN in Rel-17
FFS: for NGSO-based IoT NTN.


For PUR transmission in R16, the fundamental assumptions was a “valid timing advance” that potentially holds for long periods and the UE considers the TA for the previous serving cell as invalid if the serving cell changes. In LEO, due to the rapid movement of satellites, the serving cell will change frequently in idle mode. Supporting PUR transmission in LEO scenarios requires additional enhancements. Therefore, PUR transmission for NGSO-based IoT NTN should be deprioritized in R17.
Proposal 3: PUR transmission for NGSO-based IoT NTN should be deprioritized in R17.

4 PDCCH Monitoring Restrictions
In RAN1#106b_e, the following agreement on NPDCCH monitoring restrictions had been made [3].
	Agreement:
NPDCCH monitoring restrictions have been identified for further checking to see if changes for NB-IoT need to be made for the following cases:
· case 1: MTBG NPUSCH
· case 2: 2 NPUSCH HARQ processes scheduled
· case 3: long single NPUSCH when MTBG or 2HARQ configured
· case 4: single NPUSCH scheduled by DCI format N0 or RAR
· case 5: NPUSCH format 2 in response to DCI format N1
· case 6: NPRACH in response to PDCCH order
· case 7: NPUSCH with same HARQ process when 2 HARQ configured
· case 8: subframes after NPUSCH processing
· case 9: subframes after NPUSCH carrying Msg3
· case 10: NPRACH for SR for long NPRACH transmissions
· case 11: NPRACH for SR for short NPRACH transmissions
· FFS: the changes in each case
· FFS: additional cases


In IoT NTN, the transmission time of an NPUSCH format 2 scheduled in subframe n+k would first be delayed through timing relationship enhancement to n+k+K_offset and then timing advanced to n+k+K_offset -TA. If K_offset is equal to TA, then the NPUSCH format 2 would actually be transmitted in subframe n+k. However, this cannot always be guaranteed. In last meeting, the following spec change on PDCCH monitoring restrictions had been proposed.
	Proposed Change

	For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-Config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k,
-	if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-+K_offset 1, otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k+K_offset-2 to subframe n+k+K_offset -1; and
· the UE does not expect to receive a DCI Format N0 before subframe n+k+K_offset -2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+K_offset +255 if the corresponding NPDCCH with DCI format N0 schedules one transport block. 
-	for TDD, and if the corresponding NPUSCH format1 transmission ends in subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k+K_offset  to subframe n+m+K_offset -1.
otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+K_offset -1. 
-	for TDD, if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission ends in n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k.


	For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npdsch-MultiTB-Config
-	and if the NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if a NPDSCH transmission starts from n+k, 
-	if the corresponding NPDCCH with DCI format N1 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k+K_offset -1; 
-	otherwise, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k+K_offset -2 to subframe n+k+K_offset -1;
otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+K_offset -1.


	If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
-	for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k+K_offset  to subframe n+m+K_offset -1. 
-	for TDD, if the corresponding NPUSCH format 2 transmission ends in subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k+K_offset  to subframe n+m+K_offset -1.


	If a NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and 
-	for FDD, if the corresponding NPRACH transmission starts from subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+K_offset -1. 
-	for TDD, if the corresponding NPRACH transmission ends in subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+ K_offset -1.


In general, the network is not able to accurately know the timing of the UE actually transmits the UL channel. It hardly ensure that the understanding of  is the same at the eNB and the UE. Furthermore, if the above spec modifications is agreed, the UE-specific TA reporting should be mandatory. Therefore, we prefer the following modifications of PDCCH monitoring restrictions.
	· if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from DL subframe n+1 to UL subframe n+k-1+Koffset, otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from UL subframe n+k-2+Koffset to UL subframe n+k-1+Koffset; and
· the UE does not expect to receive a DCI Format N0 before UL subframe n+k-2+Koffset for which the corresponding NPUSCH format 1 transmission ends later than UL subframe n+k+255+Koffset if the corresponding NPDCCH with DCI format N0 schedules one transport block.
· for TDD, and if the corresponding NPUSCH format1 transmission ends in UL subframe n+m+Koffset, the UE is not required to monitor NPDCCH in any subframe starting from UL subframe n+ k+Koffset to UL subframe n+m-1+Koffset.



5 Conclusion
As summary, we have the following proposals.
Proposal 1: For UE-specific TA reporting, UE only need to report UE-specific NTA, UE-specific related information (i.e., RTT between UE and satellite).
Proposal 2: The granularity of reporting UE-specific NTA, UE-specific should be same as the granularity of K_offset.
Proposal 3: PUR transmission for NGSO-based IoT NTN should be deprioritized in R17.
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