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[bookmark: _Ref54129494]Introduction
At RAN#92e, a work item was approved for IoT NTN [1]. In this work item description, RAN1 is charged with specifying the following IoT NTN specific timing relationships enhancements according to Section 8 in TR 36.763 [2]:
-	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. 
At RAN1#106bis-e, the following agreements were reached on NB-IoT and eMTC timing relationships. 
Agreement:
Support PUR at least for GEO-based IoT NTN in Rel-17
FFS: for NGSO-based IoT NTN.
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 this contribution, we will discuss the following issues:
· Designating of subframes that shall be subjected to NPDCCH monitoring restrictions for each of the identified “cases” in NB-IOT. 
· UE TA reporting: reporting of UE location as well as UE TA. The choice of which is reported can be configured by the eNB
· Issues of granularity / frequency etc of TA reporting etc

[bookmark: _Hlk63428477]NPDCCH Monitoring Restrictions for NB-IoT
In NB-IoT UEs are expected to operate in half-duplex mode and the UE is assumed to have such limited processing capability that it is incapable of monitoring PDCCH at the same time as processing UL channels.  This means that a UE often needs some time to retune to the DL after it has been transmitting on the UL. Equivalently, a UE also needs time to retune to the UL and prepare the UL transmission after it stops receiving on the DL. For this reason, Rel16 specifications (e.g. section 16.6 of TS36.213) ensure that, as well as during the UL transmission itself, a couple of subframes before the start and end of the UL transmission, the UE is not required to receive any NPDCCH carried in the corresponding DL subframes. 
In IoT NTN, RAN1 has agreed in many cases of UL transmissions that an UL transmission scheduled in subframe n+k would effectively be delayed by Koffset so that it is seemingly transmitted in subframe n+k+Koffset because of the large TA. Such UL transmission is timing advanced by TA in transmission, such that the UL transmission would actually be transmitted in subframe n+k+Koffset-TA. It is before, during and after the DL subframes that coincide with this actual UL transmission subframe that NPDCCH monitoring restrictions should apply.
In RAN1#106bis, this issue was discussed extensively and the following cases as per the agreement were identified for further study and decision at this meeting. We discuss each case below and propose whether or not the designation of subframes with NPDCCH monitoring restrictions needs changing.

Cases 1 - 4
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,
-	[case 1: MTBG NPUSCH] 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, otherwise [case 2: 2 NPUSCH HARQ processes scheduled] 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
· [case 3: long single NPUSCH when MTBG or 2HARQ configured] 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.
otherwise
-	[case 4: single NPUSCH scheduled by DCI format N0 or RAR] 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.
Cases 1 – 4: Discussion
In case 1, the two TBs are scheduled by a single DCI for NPUSCH transmission starting from subframe n+k. The specification says monitoring of NPDCCH is not required from immediately after the last subframe of the NPDCCH (subframe n+1) until the subframe just before the NPUSCH starts (subframe n+k-1). In IoT NTN, the NPUSCH transmission subframe shall be delayed to n+k+Koffset and actually transmitted in subframe n+k+Koffset - TA once the NPUSCH is timing advanced. Therefore, the subframes in which NPDCCH monitoring restrictions should apply are: subframes n+1 until n+k+Koffset – TA-1.
Case 2 is similar to case 1 except that multiple NPUSCH are not scheduled by a single DCI. Since the NPUSCH processing requirement is reduced, the number of subframes NPDCCH monitoring is restricted on is reduced to just the two subframes n+k-2 and n+k-1. In IoT NTN, the NPUSCH transmission subframe shall be delayed to n+k+Koffset and actually transmitted in subframe n+k+Koffset - TA once the NPUSCH is timing advanced. Therefore, the subframes in which NPDCCH monitoring restrictions should apply are: subframe (n+k+Koffset – TA-2) to subframe (n+k+Koffset – TA-1).
In case 3, if the UE is configured to transmit a long NPUSCH stretching over 255 subframes from subframe n+k, then the UE is not expected to receive another DCI scheduling another long NPUSCH between subframe n+1 and subframe n+k-2. In IoT NTN, the NPUSCH transmission subframe shall be delayed to n+k+Koffset and actually transmitted in subframe n+k+Koffset - TA once the NPUSCH is timing advanced. Therefore, the subframes in which the UE is not expected to receive another DCI scheduling another long NPUSCH is: subframe (n+1) to subframe (n+k+Koffset – TA-2). 
Does this mean it does not have to monitor NPDCCH? Are there other DCI formats needing monitoring, for example?
Case 4 is the baseline case. The UE does not monitor NPDCCH from subframe n+1 to subframe n+k-1.  In IoT NTN, the NPUSCH transmission subframe shall be delayed to subframe (n+k+Koffset) and actually transmitted in subframe (n+k+Koffset – TA) once the NPUSCH is timing advanced. Therefore, the subframe in which NPDCCH monitoring restrictions should apply is: subframe (n+1) to subframe (n+k+Koffset – TA-1).
Proposal 1: For an NB-IoT UE that detects NPDCCH with DCI Format N0 scheduling a corresponding NPUSCH Format 1, update the designation of subframes in which NPDCCH monitoring is restricted to take account of Koffset and TA.

Case 5
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 
-	[case 5: NPUSCH format 2 in response to DCI format N1] 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.
Case 5: Discussion
In case 5, the UE receives NPDSCH starting from subframe n+k and then has to transmit NPUSCH format 2 starting in subframe n+m. The UE is not expected to monitor NPDCCH between subframes n+k and subframe n+m-1. In IoT NTN, the NPUSCH transmission shall be delayed by Koffset and so shall start instead at subframe (n+m+Koffset-TA) once the NPUSCH is timing advanced. Therefore, the subframes in which NPDCCH monitoring restrictions should apply are: subframe (n+k) to subframe (n+m+Koffset – TA-1).
Proposal 2: For an NB-IoT UE using FDD that receives an NPDSCH and has to transmit a corresponding NPUSCH Format 2, update the designation of subframes in which NPDCCH monitoring is restricted to take account of Koffset and TA.
Case 6
If a NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and 
-	[case 6: NPRACH in response to PDCCH order] 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.
Case 6: Discussion
In case 6, the UE receives a NPDCCH order to RACH ending in subframe n and the corresponding NPRACH should start from subframe n+k. The UE is not expected to monitor NPDCCH in subframes n+1 to subframe n+k-1. In IoT NTN, the NPRACH transmission shall be delayed by Koffset and so shall start instead at subframe (n+k+Koffset-TA) once the NPRACH is timing advanced. Therefore, the subframes in which NPDCCH monitoring restrictions should apply are: subframe (n+1) to subframe (n+k+Koffset – TA-1).
Proposal 3: For an NB-IoT UE using FDD that receives an NPDCCH order to RACH and has to transmit a corresponding NPRACH, update the designation of subframes in which NPDCCH monitoring is restricted to take account of Koffset and TA.

Cases 7, 8 & 9
If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	and if the UE has a NPUSCH transmission ending in subframe n,
-	the UE is not required to receive transmissions in the Type B half-duplex guard periods as specified in [3]for FDD ; and
-	[case 7: NPUSCH with same HARQ process when 2 HARQ configured] the UE is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3;

else if the UE is not using higher layer parameter edt-Parameters or if the UE is using higher layer parameter edt-Parameters and  
-	[case 8: subframes after NPUSCH processing] if the NB-IoT UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3. 
otherwise,


-	[case 9: subframes after NPUSCH carrying Msg3] If the NB-IoT UE has a NPUSCH transmission for Msg3 ending in subframe with transport block size , whereas if would have been selected the NPUSCH transmission would have ended in subframe n, the UE is not required to monitor NPDCCH in any subframe starting from subframe n'+1 to subframe n+3. 
Cases 7 – 9: Discussion
In case 7, a UE that transmits a NPUSCH for a given HARQ process ID should not expect a DCI scheduling another NPUSCH with the same HARQ ID in the 3 subframes following the transmission of the NPUSCH. In IoT NTN, when the NPUSCH transmission ends in a subframe n, the UE will know not to monitor NPDCCH from subframe n+1 to subframe n+3. Therefore, the subframes in which NPDCCH monitoring restrictions should apply do not need changing.
Cases 8 and 9 are similar to case 7. The UE knows the last subframe n of the NPUSCH transmission in each case and so knows which subframes during which not to monitor NPDCCH as per current specifications. Therefore, the subframes in which NPDCCH monitoring restrictions should apply do not need changing.
Cases 10 & 11
For an NB-IoT UE configured with higher layer parameter sr-WithoutHARQ-ACK-Config, if the transmission of a narrowband random access preamble for SR ends on subframe n,
-	[case 10: NPRACH for SR for long NPRACH transmissions] in case of frame structure type 1 with NPRACH format 0 and 1 when the number of NPRACH repetitions is greater than or equal to 64, or NPRACH format 2 when the number of NPRACH repetitions is greater than or equal to 16, the UE is not required to monitor NPDCCH UE-specific search space from subframe n to subframe n+40,
-	otherwise, [case 11: NPRACH for SR for short NPRACH transmissions] the UE is not required to monitor NPDCCH UE-specific search space from subframe n to subframe n+3.
Cases 10 & 11: Discussion
Cases 10 and 11 are similar to case 7, 8 and 9. The UE knows the last subframe n of the NPRACH transmission in each case and so knows which subframes during which not to monitor NPDCCH as per current specifications. Therefore, the subframes in which NPDCCH monitoring restrictions should apply do not need changing.

UE-Specific TA Reporting
The issue of configuration of the UE-specific TA was widely discussed at both RAN1#106e and RAN1#106bise. Some companies argued that the UE-specific TA can be derived by the network from knowledge of the UE location. Accordingly, they argued that the UE-location should be transmitted to the eNodeB for this purpose. Signaling the UE location has the following advantages:
· The location report can be coarse thereby reducing the number of bits needed for signaling
· Frequency of signaling can be reduced since the UE speed is relatively low compared to the orbital speed of the satellite and especially for stationary UEs.
· UE position is needed for other purposes such as paging, control of service provision if the UE is in a territory in which NTN is not licensed – since the satellite footprint can cross geographical boundaries etc
· Designation of subframes with NPDCCH monitoring restrictions in NB-IoT.

Companies supporting signaling of the UE-specific TA as a delay value argued that:
· There are security implications to transmitting the location of the UE 
· The number of bits needed for signalling can be reduced by signalling delta of the TA from the previous TA instead of the full TA.

Some companies have argued that IoT NTN should adopt the solutions agreed for NR NTN with respect to UE-specific TA reporting. Other companies have countered that the lower frequency of reporting for UE location is more useful for IoT NTN than for NR NTN because of its power saving benefits. 
RAN2#115-e made the following agreements:
1. Under the work assumption "the UE location information cannot be reported in connected mode", the content of UE specific TA reported in connected mode is UE specific TA pre-compensation(for the details of the TA value, confirmation from RAN1 is needed).
2. If the reported content of information about UE specific TA is UE location information in connected mode, RRC signalling is used to report.
3. pre-compensation (for the details of the TA value, confirmation from RAN1 is needed) or the UE location information
4. Working Assumption: If the reported content of information about UE specific TA is TA pre-compensation value in connected mode, MAC CE is used to report
It is evident from the above agreements that RAN2 is progressing with the assumption that the network can chose to configure reporting of either UE delay or UE location for UE-specific TA reporting. 
Proposal 4: For IoT NTN, the network may configure whether the UE should report its location or the UE-specific TA itself.

Conclusions
This document has considered two remaining issues for IoT-NTN timing relationships: NPDCCH monitoring restrictions and UE-specific TA reporting. The following proposals are made in this document:
Proposal 1: For an NB-IoT UE that detects NPDCCH with DCI Format N0 scheduling a corresponding NPUSCH Format 1, update the designation of subframes in which NPDCCH monitoring is restricted to take account of Koffset and TA.
Proposal 2: For an NB-IoT UE using FDD that receives an NPDSCH and has to transmit a corresponding NPUSCH Format 2, update the designation of subframes in which NPDCCH monitoring is restricted to take account of Koffset and TA.
Proposal 3: For an NB-IoT UE using FDD that receives an NPDCCH order to RACH and has to transmit a corresponding NPRACH, update the designation of subframes in which NPDCCH monitoring is restricted to take account of Koffset and TA.
Proposal 4: For IoT NTN, the network may configure whether the UE should report its location or the UE-specific TA itself.
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