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[bookmark: _Hlk521259925]In RAN1#106b-e meeting, agreements were achieved on time and frequency synchronization for IoT NTN [1].
	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 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:
For IoT NTN, with respect to the granularity, configuration, indication and update of Koffset, the mechanisms concluded in NR-NTN shall be taken as baseline.

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 discussion on timing relationship enhancements for IoT over NTN.
Discussion
[bookmark: _Toc85568921]Outstanding Timing Relationships for IoT NTN
[bookmark: _Ref84837199][bookmark: _Ref84837202][bookmark: _Toc85568925]PRACH Preamble Retransmission
In RAN1#106b-e meeting, agreements were achieved on PRACH preamble retransmission [1]:
	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.


Nevertheless, there was no consensus on NB-IoT in IoT NTN. According to the specification description for PRACH preamble retransmission for NB-IoT in IoT NTN,
	From section 16.3.2 of TS 36.213, it says for NB-IoT:
b) If a random access response is received and the corresponding DL-SCH transport block ending in subframe n does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n.
c) If no NPDCCH scheduling random access response is received in subframe n, where subframe n is the last subframe of the random access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n.
d) If an NPDCCH scheduling random access response with associated RA-RNTI is detected and the corresponding DL-SCH transport block reception ending in subframe n cannot be successfully decoded, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n.


It can be observed that the time limit of 12ms is an absolute time, and the subframe n should refer to a DL subframe, thus, additional delayed by K_offset seems not needed for NB-IoT in IoT NTN.
Proposal 1: For NB-IoT in IoT NTN, if the UE determines that a preamble retransmission is necessary, further enhancement on the timing relationship as compared to current specifications is not needed.
[bookmark: _Ref84837235][bookmark: _Toc85568933]NPDCCH Monitoring Restrictions
In RAN1#106b-e meeting, agreements were achieved on NPDCCH monitoring restrictions [1]:
	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


Regarding NPDCCH monitoring restrictions, two typical restriction modes can be identified as following:
· Type 1: the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1. In this case, the duration of NPDCCH monitoring restriction windows is about (k-1) ms in terrestrial network.
· Type 2: the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1. In this case, the duration of NPDCCH monitoring restriction windows is about 2 ms in terrestrial network.
Where, subframe n and subframe n+k are determined as following
· Case 1: 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 the corresponding NPUSCH format 1 transmission starts from n+k,
· Case 2: the NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and the corresponding NPDSCH transmission starts from n+k,
· Case 3: the NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and the corresponding NPRACH transmission starts from subframe n+k.
Observation 1: For NPDCCH monitoring restrictions, two restriction modes can be identified:
· Type 1: the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1.
· Type 2: the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1.
Where, subframe n and subframe n+k are determined as following
· Case 1: 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 the corresponding NPUSCH format 1 transmission starts from n+k,
· Case 2: the NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and the corresponding NPDSCH transmission starts from n+k,
· Case 3: the NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and the corresponding NPRACH transmission starts from subframe n+k.

In NTN network, considering the long RTT between UE and gNB, the timing relationship for NPDCCH monitoring restrictions needs to be enhanced. The following modification candidates can be considered.
· For Type 1 restriction mode: 
· Option 1: 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.
· Option 2: 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.
· For Type 2 restriction mode: 
· Option 1: the UE is not required to monitor an NPDCCH candidate in any subframe starting from UL subframe n+k-2 to UL subframe n+k-1.
· Option 2: 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.
wherein,  is the current TA used by the UE expressed as an integer number of subframe durations.
It can be observed that
· For modified Type 1 restriction mode, the duration of NPDCCH monitoring restriction windows is about (k-1+K_offset-) ms in NTN. Compared with terrestrial network, the duration in NTN may be enlarged for about (K_offset-) ms. With the help of UE specific TA report, eNB can configure UE specific K_offset as close to the UE specific TA, thus the difference between UE specific K_offset (K_offset) and current TA () may be less than 1ms. Further enhancement to reduce the enlarged NPDCCH monitoring restriction windows can be deprioritized.
· For modified Type 2 restriction mode, the duration of NPDCCH monitoring restriction windows is about 2 ms in NTN. Thus, compared with terrestrial network, the duration of NPDCCH monitoring restriction windows keep unchanged in NTN.
Proposal 2: For timing relationship enhancement for NPDCCH monitoring restrictions in IoT NTN, the following modification candidates can be considered.
· For Type 1 restriction mode: 
· Option 1: 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.
· Option 2: 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.
· For Type 2 restriction mode: 
· Option 1: the UE is not required to monitor an NPDCCH candidate in any subframe starting from UL subframe n+k-2 to UL subframe n+k-1.
· Option 2: 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.
wherein,  is the current TA used by the UE expressed as an integer number of subframe durations.
Observation 2: For timing relationship enhancement for NPDCCH monitoring restrictions in IoT NTN:
· For Type 1 restriction mode: compared with terrestrial network, the duration of NPDCCH monitoring restriction windows in NTN may be enlarged for about (K_offset-) ms.
· For Type 2 restriction mode: compared with terrestrial network, the duration of NPDCCH monitoring restriction windows keep unchanged in NTN.
Observation 3: For timing relationship enhancement for NPDCCH monitoring restrictions in IoT NTN, for Type 1 restriction mode, with the help of UE specific TA report, eNB can configure UE specific K_offset as close to the UE specific TA, thus the difference between UE specific K_offset (K_offset) and current TA () may be less than 1ms.
Proposal 3: For timing relationship enhancement for NPDCCH monitoring restrictions in IoT NTN, for Type 1 restriction mode, further enhancement to reduce the enlarged NPDCCH monitoring restriction windows can be deprioritized.
[bookmark: _Hlk80030196]UE-specific TA Handling
[bookmark: _Ref80215110][bookmark: _Toc80992001]Need and role for UE-specific TA
There was a discussion on UE-specific TA report in RAN1#106b-e meeting but no consensus was achieved [2].
	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, either a delay or UE location can be included in the contents. If a delay is included in the content, Option 5 is preferred. For the thereafter differential full TA report, two options can be further studied, 
· Option 5a: Difference between UE-specific K_offset and cell-specific K_offset.
· Option 5b: 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. In this case, a UE may report a delta value to the gNB, where, the delta value is equal to the difference between the last applied K_offset and one new K_offset suggested by UE. If the UE-specific K_offset has never been indicated, the last applied K_offset is equal to the cell-specific K_offset; otherwise, the last applied K_offset is equal to or the last indicated UE-specific K_offset. After receiving the UE reported delta value, gNB may update the UE-specific K_offset based on the reported the delta value, and indicate a new UE-specific K_offset to UE. For example, the gNB may update the UE-specific K_offset as following
the new indicated UE-specific K_offset = the last applied K_offset at UE + the delta value reported by the UE
Proposal 4: For UE specific TA reporting, the contents of the report can be:
· A delay
· UE location
Proposal 5: For UE specific TA reporting, if a delay is included in the content, Option 5 is preferred.
· Option 5: UE full TA via Msg3 + differential full UE TA thereafter.
Proposal 6: For UE specific TA reporting, for the thereafter differential full TA report in Option 5, two options can be further studied,
· Option 5a: Difference between UE-specific K_offset and cell-specific K_offset.
· Option 5b: 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.
[bookmark: _Ref85086619][bookmark: _Toc85568958]WUS Configuration
There was a discussion on WUS configuration in RAN1#106b-e meeting [2].
For RAN1 perspective, there seems no enhancement on WUS configuration is needed. Regarding the proposal of extending the time interval between WUS and PO, we think UE does not need to perform GNSS measurement between WUS and PO. In fact, UE can perform GNSS measurement after PO, as discussed in our company’s contribution [3].
	Observation 1: For sporadic DL traffic, UE may perform GNSS measurements after a paging occasion and only if it has been paged to reduce battery consumption. The existing timers (e.g., T3413/T3415) can be configured large enough to ensure a sufficient gap to accommodate GNSS acquisition after decoding the paging message and before initiating UL transmission.
Proposal 1: Support the following conclusion.
· Acquisition of GNSS position fix during paging procedure is up to UE implementation and network configuration of paging timers considering GNSS measurement duration (e.g. GNSS Time To First Fix with cold start of typically 10 seconds) impact in NTN scenario. These paging timers are not specified in 3GPP in legacy paging procedure (i.e. T3413 / T3415).


Proposal 7: Deprioritize further enhancement on WUS configuration.
Conclusions
In this contribution, we share our views on related issues on timing relationship enhancements for IoT over NTN. The observations and proposals are summarised as follows:
Observation 1: For NPDCCH monitoring restrictions, two restriction modes can be identified:
· Type 1: the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1.
· Type 2: the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1.
Where, subframe n and subframe n+k are determined as following
· Case 1: 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 the corresponding NPUSCH format 1 transmission starts from n+k,
· Case 2: the NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and the corresponding NPDSCH transmission starts from n+k,
· Case 3: the NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and the corresponding NPRACH transmission starts from subframe n+k.
Observation 2: For timing relationship enhancement for NPDCCH monitoring restrictions in IoT NTN:
· For Type 1 restriction mode: compared with terrestrial network, the duration of NPDCCH monitoring restriction windows in NTN may be enlarged for about (K_offset-) ms.
· For Type 2 restriction mode: compared with terrestrial network, the duration of NPDCCH monitoring restriction windows keep unchanged in NTN.
Observation 3: For timing relationship enhancement for NPDCCH monitoring restrictions in IoT NTN, for Type 1 restriction mode, with the help of UE specific TA report, eNB can configure UE specific K_offset as close to the UE specific TA, thus the difference between UE specific K_offset (K_offset) and current TA () may be less than 1ms.
Proposal 1: For NB-IoT in IoT NTN, if the UE determines that a preamble retransmission is necessary, further enhancement on the timing relationship as compared to current specifications is not needed.
Proposal 2: For timing relationship enhancement for NPDCCH monitoring restrictions in IoT NTN, the following modification candidates can be considered.
· For Type 1 restriction mode: 
· Option 1: 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.
· Option 2: 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.
· For Type 2 restriction mode: 
· Option 1: the UE is not required to monitor an NPDCCH candidate in any subframe starting from UL subframe n+k-2 to UL subframe n+k-1.
· Option 2: 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.
wherein,  is the current TA used by the UE expressed as an integer number of subframe durations.
Proposal 3: For timing relationship enhancement for NPDCCH monitoring restrictions in IoT NTN, for Type 1 restriction mode, further enhancement to reduce the enlarged NPDCCH monitoring restriction windows can be deprioritized.
Proposal 4: For UE specific TA reporting, the contents of the report can be:
· A delay
· UE location
Proposal 5: For UE specific TA reporting, if a delay is included in the content, Option 5 is preferred.
· Option 5: UE full TA via Msg3 + differential full UE TA thereafter.
Proposal 6: For UE specific TA reporting, for the thereafter differential full TA report in Option 5, two options can be further studied,
· Option 5a: Difference between UE-specific K_offset and cell-specific K_offset.
· Option 5b: 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.
[bookmark: _GoBack]Proposal 7: Deprioritize further enhancement on WUS configuration.
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