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[bookmark: _Ref18181]Introduction
In RAN1#106-bis-e meeting [1], the following agreements were reached on timing relationship enhancements of NTN:
AgreemeAgreement:
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 this document, we provide our views on UE specific TA reporting and the required changes for NPDCCH monitoring restriction in the existing specification.
NPDCCH Monitoring Restrictions
The purpose of using K_offset is to ensure the causality of UE operation when a UE receives a DL signal at subframe n which triggers an UL transmission at a later subframe. In particular, it is applicable to the following types of transmission [2]:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1
· NPDSCH to HARQ-ACK on NPUSCH format 2
· Timing advance command activation
· NPDCCH order to NPRACH 

As the UL transmission is delayed by K_offset, the monitoring window for DL reception also needs to be updated. In the below section, we provided the necessary changes for the NPDCCH monitoring restrictions on a case-by-case basis.  The following summarizes the specification changes required to TS36.213 section 16.6 [3] to capture the impact of K_offset properly:
· Case 1: MTBG NPUSCH
	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-1,



Discussion: In our view, the intention of the current restriction for NPDCCH monitoring in the existing specifications is to make sure UE is not required to monitor for another NPDCCH candidate for the time duration starting right after receiving the DCI format N0, until transmission of the corresponding NPUSCH format 1. In IoT NTN, the uplink transmission (in this case NPUSCH) subframe number is delayed by K_offset. Since in general K_offset , where is  is the UE-specific TA in the unit of subframes, the value of K_offset could be strictly larger than . For example, the cell-specific K_offset could be larger than the UE-specific . The UL subframe n+k+K_offset coincides in time with DL subframe n+k+K_offset-. In other words, the DL subframe n+k+K_offset--1 ends immediately before the NPUSCH transmission in UL subframe n+k+K_offset. Therefore, the following changes need to be applied to the existing specifications:
	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+K_offset
· 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,



· Case 2: NPUSCH HARQ process scheduled
	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,
…
· otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1; and



Discussion: In this case, we need to make sure UE is not required to monitor NPDCCH during one DL subframe preceding the UL subframe n+k+K_offset. Following the same discussion as in Case 1, the following changes need to be applied to the existing specifications:
	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+K_offset
…
· 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



· Case 3: Long single NPUSCH when MTBG or 2 HARQ configured
	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,
…
· the UE does not expect to receive a DCI Format N0 before subframe n+k-2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+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 to subframe n+m-1.



Discussion: Similar to Case 2, in this case, UE is not required to monitor NPDCCH during a certain range of DL subframes. Both beginning DL subframe index and ending DL subframe index need to be shifted by K_offset  so that the time duration of the range remains the same as the existing specifications. Therefore, the following changes need to be applied to the existing specifications:
	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+K_offset
…
· 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+K_offset, 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.




· Case 4: Single NPUSCH scheduled by DCI format N0 or RAR
	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
…
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-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.



Discussion: Similar to Case 1, the following changes need to be applied to the existing specifications:
	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+K_offset
…
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+K_offset, 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 +K_offset, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+K_offset .



· Case 5: NPUSCH format2 in response to DCI format N1
	If the NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH format 1 transmission starts from n+k
· 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 to subframe n+m-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 to subframe n+m-1.




Discussion: Similar to Case 1, the following changes need to be applied to the existing specifications:
	If the NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH format 1 transmission starts from n+k
· for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m+K_offset the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m+K_offset -1.
· for TDD, if the corresponding NPUSCH format 2 transmission ends in subframe n+m+K_offset the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m+K_offset -1.



· Case 6: NPRACH in response to NPDCCH order
	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-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-1



Discussion: Similar to Case 1, the following changes need to be applied to the existing specifications:
	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+K_offset , 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+K_offset, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+K_offset -1.



Proposal 1: The text proposals in case 1-6 in Section 2 of this contribution should be applied to the existing specifications.
UE specific TA Reporting
[bookmark: _Hlk84601102][bookmark: _Hlk84607160]In RAN1 #106-e meeting it was agreed to support UE specific TA reporting in IoT-NTN [4]. In this section, we present our view on selection of TA reporting mechanism. The following aspects have been discussed in the earlier meetings: Content of the report, signalling overhead, granularity of reporting, frequency of reporting, means of reporting.
IoT-NTN should not be treated as same as NR-NTN, considering the type of applications that both are going to support and constraints (power consumption at device, latency, number of devices etc) that are going to apply on their respective applications. Energy requirement for an IOT device is very different from an NR device. In the previous meetings different types of TA reporting mechanisms were discussed, including differential indication of UE-specific TA values, absolute indication of UE-specific TA values, and indication of UE location.
Differential reporting of UE specific TA can be supported in connected mode, where UE will report the difference from the previously reported TA. Although differential indication of TA would reduce the signalling overhead, any error in TA reporting instance would lead to erroneous TA value reported to the network for subsequent instances. 
Observation 1: In case of differential TA reporting any error in TA reporting would lead to error for the subsequent TA reports.
In case of indication of UE location, since UE needs to report its location only when it changes its location and since most of the IOT devices are static, there is no need for UE to report its location to the network frequently. However, in case of absolute indication of UE-specific TA, TA value needs to be updated frequently because even though the device is static, TA values are changing frequently due to satellite mobility. Hence, location-based reporting is more resource efficient thanks to less frequent reporting. 
Observation 2: For indication of UE location, frequency of reporting would be less as compared to indication of UE-specific TA.
Moreover, due to its less frequent reporting, power consumption for the IOT device would be less in case of location-based reporting.
Observation 3: Indication of UE location is more energy efficient than indication of UE-specific TA.
Proposal 2: Reporting of UE location shall be supported in IoT NTN.
It should be noted that RAN2 is working on a solution for UE location reporting with a guaranteed accuracy of ~2km. Also, the privacy aspects of UE location reporting has already been referred by RAN2 to SA3 to clarify if there is privacy concern for a UE if the UE reports the location information to NG-RAN with ~2km radius accuracy before AS security is established, e.g. during initial access [5].

Conclusions
In this contribution, based on the discussions in the previous sections we have the following observations and proposals:
Observation 1: In case of differential TA reporting any error in TA reporting would lead to error for the subsequent TA reports.
Observation 2: For indication of UE location, frequency of reporting would be less as compared to indication of UE-specific TA.
Observation 3: Indication of UE location is more energy efficient than indication of UE-specific TA.
Proposal 1: The text proposals in case 1-6 in Section 2 of this contribution should be applied to the existing specifications.
Proposal 2: Reporting of UE location shall be supported in IoT NTN.
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