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[bookmark: DocumentFor]Introduction
[bookmark: _Hlk521259925]In RAN1#104b-e meeting, agreements were achieved on timing relationship enhancements for NB-IoT/eMTC application over NTN [1]:
	Agreement:
The following NB-IoT timing relationships need enhancing for essential minimum functionality of IoT NTN:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1
· NPDSCH to HARQ-ACK on NPUSCH format 2
· Timing advance command activation
· FFS: NPDCCH order to NPRACH
· FFS: Other NB-IoT timing relationships

Agreement:
The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of NB-IoT timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.

Agreement:
The following eMTC timing relationships need enhancing for essential minimum functionality of IoT NTN:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· FFS: MPDCCH order to PRACH
· FFS: Other eMTC timing relationships

Agreement:
The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of eMTC timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.

Agreement:
For NB-IoT over NTN, the following timing relationship needs to be studied to check whether enhancement is necessary and beneficial: 
· PRACH preamble retransmission

Agreement: 
For eMTC over NTN, the following timing relationship needs to be studied to check whether enhancement is necessary and beneficial: 
· PRACH preamble retransmission

Agreement:
Capture the following in the TR:
The UE-specific TA and/or K_offset can be used by the eNB in its scheduling to avoid UL-DL collisions in FDD-HD.


Agreement:
The following aspects of Koffset are not to be studied further and can at least rely on decisions made in the NR NTN WI:
· Explicit or implicit indication in system information
· Support UE-specific Koffset after initial access


In this contribution, we will discussion on timing relationship enhancements for IoT over NTN.
Discussion
[bookmark: _Toc69814773]NB-IoT Timing relationships under study
In RAN1#104b-e meeting, agreements were achieved on NB-IoT timing relationships need enhancing for essential minimum functionality of IoT NTN [1]:
	Agreement:
[bookmark: _Hlk71530099][bookmark: _Hlk71530070][bookmark: _Hlk71529824]The following NB-IoT timing relationships need enhancing for essential minimum functionality of IoT NTN:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1
· NPDSCH to HARQ-ACK on NPUSCH format 2
· Timing advance command activation
· [bookmark: _Hlk71530089][bookmark: _Hlk71529863]FFS: NPDCCH order to NPRACH
· FFS: Other NB-IoT timing relationships

Agreement:
The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of NB-IoT timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.


Regarding similar discussions on timing relationship enhancement for PDCCH order to PRACH occur in NR NTN, the discussion on timing relationship enhancement for NPDCCH order to NPRACH in NB-IoT over NTN may be postponed to wait for the conclusion in NR NTN.
Proposal 1: Postpone the discussion on timing relationship enhancement for NPDCCH order to NPRACH in NB-IoT over NTN to wait for the conclusion in NR NTN.
[bookmark: _Toc69814778]eMTC Timing relationships under study
In RAN1#104b-e meeting, agreements were achieved on eMTC timing relationships need enhancing for essential minimum functionality of IoT NTN [1]:
	Agreement:
The following eMTC timing relationships need enhancing for essential minimum functionality of IoT NTN:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· [bookmark: _Hlk71530466]FFS: MPDCCH order to PRACH
· FFS: Other eMTC timing relationships

Agreement:
The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of eMTC timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.


Regarding similar discussions on timing relationship enhancement for PDCCH order to PRACH occur in NR NTN, the discussion on timing relationship enhancement for MPDCCH order to PRACH in eMTC over NTN may be postponed to wait for the conclusion in NR NTN.
Proposal 2: Postpone the discussion on timing relationship enhancement for MPDCCH order to PRACH in eMTC over NTN to wait for the conclusion in NR NTN.
[bookmark: _Toc69814793]Preamble Retransmission
In RAN1#104b-e meeting, further study to check whether enhancement on timing relationship for PRACH preamble retransmission for NB-IoT/eMTC over NTN is necessary and beneficial was agreed [1]:
	Agreement:
[bookmark: _Hlk71534401][bookmark: _Hlk71534380][bookmark: _Hlk71534357]For NB-IoT over NTN, the following timing relationship needs to be studied to check whether enhancement is necessary and beneficial: 
· [bookmark: _Hlk71534614]PRACH preamble retransmission

Agreement: 
For eMTC over NTN, the following timing relationship needs to be studied to check whether enhancement is necessary and beneficial: 
· PRACH preamble retransmission


As cited by Moderator [2], the specification description for PRACH preamble retransmission is as following
	From section 6.1.1 of TS 36.213, it says for eMTC:
b) If a random access response is received and its reception ends in subframe n, and the corresponding DL-SCH transport block 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 in subframe n+5 .
c) If the most recent PRACH coverage enhancement level for the UE is 0 or 1,
· if no 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 in subframe n+4 .
If the most recent PRACH coverage enhancement level for the UE is 2 or 3,
· if no MPDCCH 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 in subframe  n+4;
· if an MPDCCH 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 in subframe n+4 . 

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.


Based on the cited specification, whether the above timing of retransmission is based on a DL subframe n or a UL subframe n is not clear. If it is based on a DL subframe n, no enhancement on timing relationship enhancement is needed, nevertheless FFS whether specification modification for clarification is needed; otherwise, timing enhancement based on K_offset may be needed.
Observation 1: If DL subframe n is used for timing of PRACH preamble retransmission, there is no need for enhancement on timing relationship enhancement.
Proposal 3: If DL subframe n is used for timing of PRACH preamble retransmission, FFS whether specification modification for clarification is needed, e.g.,
For eMTC:
b) If a random access response is received and its reception ends in subframe n, and the corresponding DL-SCH transport block 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 in DL subframe n+5 .
c) If the most recent PRACH coverage enhancement level for the UE is 0 or 1,
· if no 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 in DL subframe n+4 .
If the most recent PRACH coverage enhancement level for the UE is 2 or 3,
· if no MPDCCH 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 in DL subframe  n+4;
· if an MPDCCH 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 in DL subframe n+4 . 
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 DL 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 DL 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 DL subframe n.
Proposal 4: If UL subframe n is used for timing of PRACH preamble retransmission, support timing enhancement based on K_offset.
[bookmark: _Toc69814804]GNSS Measurements
In RAN1#104b-e meeting, there was a discussion about the time validity of GNSS measurements, but no consensus was agreed [2].
	FL Proposed Conclusion 4.7-1:  Prior to UL transmission the UE may have to perform GNSS measurements to aid UL synchronisation if its previous GNSS measurement is no longer valid. 


As discussed in our company’s contribution [3], in our view, prior to UL transmission the UE may have to perform GNSS measurements to aid UL synchronization if its previous GNSS measurement is no longer valid. Nevertheless, when to perform GNSS measurements is up to UE implementation.
Firstly, when focus on the “short, sporadic connection” case, UE would make GNSS measurements for initial access, and there is no need to do GNSS measurements in connected mode.
For sporadic UL traffic, UE may make GNSS measurements up to UE implementation before sending Msg 1/Msg A, thus, no specification change is needed.
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 5: Prior to UL transmission the UE may have to perform GNSS measurements to aid UL synchronization if its previous GNSS measurement is no longer valid.
Proposal 6: There is no need to specify GNSS measurements windows.
[bookmark: _Hlk71541003]Timing offset for the start of RAR window
In RAN1#104b-e meeting, Moderator suggested for further study on timing offset for the start of RAR window issue at next meeting [2].
	FL Recommendation 3.8-1: Study the value for the RAR window offset and how it is determined both at UE and eNB for discussion at next meeting. 


Regarding the timing offset for the start of RAR window in IoT over NTN, we share the similar view as obtained in NR-NTN. The following proposal may be still valid [3].
Proposal 7: The start of RAR window is compensated by UE-gNB RTT.
· If downlink and uplink frame timing are aligned at gNB, no additional signal is needed.
· If downlink and uplink frame timing are not aligned at gNB, an additional K_RAR_offset is needed, wherein,
K_RAR_offset = UE-gNB RTT - 
The start of ra-ResponseWindow and msgB-ResponseWindow = K_RAR_offset + 
where,  is the timing advance applied by an NR NTN UE.
· In scenario 2-b (RU located at gateway, with gateway and gNB located away from each other), 
K_RAR_offset = 2 * the propagation delay between NTN GW and gNB
· In scenario 3 (RU located at satellite) if supported,
K_RAR_offset = feeder link RTT
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: If DL subframe n is used for timing of PRACH preamble retransmission, there is no need for enhancement on timing relationship enhancement.
Proposal 1: Postpone the discussion on timing relationship enhancement for NPDCCH order to NPRACH in NB-IoT over NTN to wait for the conclusion in NR NTN.
Proposal 2: Postpone the discussion on timing relationship enhancement for MPDCCH order to PRACH in eMTC over NTN to wait for the conclusion in NR NTN.
Proposal 3: If DL subframe n is used for timing of PRACH preamble retransmission, FFS whether specification modification for clarification is needed, e.g.,
For eMTC:
b) If a random access response is received and its reception ends in subframe n, and the corresponding DL-SCH transport block 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 in DL subframe n+5 .
c) If the most recent PRACH coverage enhancement level for the UE is 0 or 1,
· if no 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 in DL subframe n+4 .
If the most recent PRACH coverage enhancement level for the UE is 2 or 3,
· if no MPDCCH 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 in DL subframe  n+4;
· if an MPDCCH 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 in DL subframe n+4 . 
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 DL 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 DL 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 DL subframe n.
Proposal 4: If UL subframe n is used for timing of PRACH preamble retransmission, support timing enhancement based on K_offset.
Proposal 5: Prior to UL transmission the UE may have to perform GNSS measurements to aid UL synchronization if its previous GNSS measurement is no longer valid.
Proposal 6: There is no need to specify GNSS measurements windows.
Proposal 7: The start of RAR window is compensated by UE-gNB RTT.
· If downlink and uplink frame timing are aligned at gNB, no additional signal is needed.
· If downlink and uplink frame timing are not aligned at gNB, an additional K_RAR_offset is needed, wherein,
K_RAR_offset = UE-gNB RTT - 
The start of ra-ResponseWindow and msgB-ResponseWindow = K_RAR_offset + 
where,  is the timing advance applied by an NR NTN UE.
· In scenario 2-b (RU located at gateway, with gateway and gNB located away from each other), 
K_RAR_offset = 2 * the propagation delay between NTN GW and gNB
· In scenario 3 (RU located at satellite) if supported,
K_RAR_offset = feeder link RTT
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