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1. Introduction

In RAN1 meeting #106b-e, the following agreements regarding K_offset were achieved:
Agreement:
In IoT NTN, for a random access procedure initiated by a N/MPDCCH order, the UE shall delay the transmission of the random access preamble by Koffset as compared to the current specification.
Agreement:
For IoT NTN, with respect to the granularity, configuration, indication and update of K_Offset, the mechanisms concluded in NR-NTN shall be taken as baseline.
Agreement:
For eMTC in IoT NTN, if the UE determines that a preamble retransmission is necessary, the choice of a suitable preamble retransmission subframe shall be delayed by Koffset as compared to current specifications.

Agreement:
For NB-IoT, if the UE has initiated an NPUSCH transmission using pre-configured uplink resources ending in subframe n, the UE shall start or restart to monitor the NPDCCH from DL subframe n+4+K_mac (where K_mac is defined as in NR-NTN).

Agreement:
For eMTC, if the UE has initiated an PUSCH transmission using pre-configured uplink resources ending in subframe n, the UE shall start or restart to monitor the MPDCCH from DL subframe n+4+K_mac (where K_mac is defined as in NR-NTN).

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 share our view on the remaining issues and potential enhanced timing relationship. 
2. Discussion

2.1. Scheduling time relationship for NPDCCH monitoring

In RAN1 e-meeting #106b, 11 cases related to NPDCCH monitoring restrictions are identified. In this section, we will discuss the potential enhancements for some of these cases with both legacy UE behavior and enhanced UE behavior.
· Case 1~ case 4
Current spec:
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, (case 2: 2 NPUSCH HARQ processes scheduled) 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

· (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.

Proposed enhancements:

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,
-
(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+K_offset, (case 2: 2 NPUSCH HARQ processes scheduled) 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+K_offset; 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+K_offset 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+K_offset, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1+K_offset. 

-
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.

· Case 5
Current spec:

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.
Proposed enhancements:

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+K_offset. 

-
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 6

Current spec:

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.
Proposed enhancements:

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+K_offset. 

-
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.
Proposal 1: Support the proposed enhancements for NPDCCH monitoring in IoT-NTN. 
Proposal 2: Further consider NPDCCH monitoring enhancements for TDD if supported.
2.2. TA reporting

UE-specific TA reporting has also been discussed in IoT-NTN and there has been an agreement as follows:
Agreement:
UE-specific TA reporting is supported in IoT-NTN
· FFS: Detailed contents of report

Similar to the NR-NTN, it has recommended the exact content of UE reporting of information about the UE specific TA pre-compensation is UE specific TA. In order to simplify the implementation and align NR-NTN, it is also better to reporting the TA other than UE location.
Considering the analysis in NR-NTN, the exact content of UE reporting of information can be UE specific TA which is corresponding to the RTT between UE and the serving NTN satellite or the full-TA which is corresponding to the RTT between UE and gNB. This method is simple to implement. If content is UE specific TA, network need to obtain the K_offset with common TA and other values. For reporting the full-TA, the network can directly broadcast K_offset to UE based on full-TA.
If reporting the differential value, it may have the same problem with NR-NTN. And the scheme of reporting a stationarity indication only be realized in combination with other schemes which will increase signaling overhead.
After reporting TA is performed in initial access, the network can update the K_offset with dedicated RRC signaling. After the UE dedicated RRC configuration, we think that the UE is not needed to periodically report the updated TA. Instead, the UE reporting could be an event-based. However, in this case, we suggest that the reported content is not a TA but a simple K offset update request. The design of such request can be similar to a scheduling request. 

Considering that TA reporting is to obtain the K_offset value at the gNB, in order to align with the scheduling timing, the granularity for reported information should preferably be slot.

Proposal 3: Support reporting UE specific TA or full-TA.
Proposal 4: Support UE requesting K offset update to the network in an event triggered manner.
Proposal 5: The granularity for reported information is slot.

3. Conclusion

In this contribution, we have discussed some of the topics selected in the new WID for NTN-IoT R17, the following proposals are presented for RAN1 to consider.
Proposal 1: Support the proposed enhancements for NPDCCH monitoring in IoT-NTN. 

Proposal 2: Further consider NPDCCH monitoring enhancements for TDD if supported.
Proposal 3: Support reporting UE specific TA or full-TA.

Proposal 4: Support UE requesting K offset update to the network in an event triggered manner.
Proposal 5: The granularity for reported information is slot.

4. Reference

[1]     R1-2109081, Discussion on timing relationship enhancements, OPPO.

