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[bookmark: _Hlk521259925]In RAN1#106-e meeting, agreements were achieved on time and frequency synchronization for IoT NTN [1].
	Agreement:
For NB-IoT, on receiving UL grant on DCI format N0 in subframe n, NPUSCH Format 1 is transmitted with a delay of Koffset as compared to transmission as per current specification.

Agreement:
For NB-IoT, on receiving a NPDSCH with a RAR message that ends in subframe n, the corresponding Msg3 is transmitted on NPUSCH format 1, with a delay of Koffset as compared to transmission as per current specification.

Agreement:
For NB-IoT, a UE upon detection of a NPDSCH transmission for which it should provide an ACK/NACK feedback, shall transmit the HARQ ACK/NACK with a delay of Koffset as compared to transmission as per current specification.

Agreement:
For NB-IoT, on receiving a timing advance command ending in DL subframe n, the corresponding adjustment of the uplink transmission timing by the received time advance shall be delayed by Koffset as compared to current specification.

Agreement:
For eMTC, on receiving an UL grant via MPDCCH that ends in DL subframe n, PUSCH is transmitted with a delay of Koffset as compared to transmission as per current specification.

Agreement:
For eMTC, on receiving a RAR in a PDSCH that ends in subframe n, PUSCH for Msg3 is transmitted with a delay of Koffset as compared to transmission as per current specification.

Agreement:
For eMTC, when an MPDCCH ending in subframe n activates UL SPS, the time of the first subframe in which the UE is allowed to transmit SPS-PUSCH is delayed by Koffset as compared to transmission per current specification.

Agreement:
For eMTC, on reception of a PDSCH ending in subframe n, the corresponding HARQ-ACK feedback on PUCCH is transmitted with a delay of Koffset as compared to transmission as per current specification.

Agreement:
For eMTC, the ending time for DL physical resources forming a CSI reference resource set is advanced by Koffset as compared to current specification.

Agreement:
For eMTC, for an MPDCCH received in subframe n that triggers aperiodic SRS transmission, SRS is transmitted with a delay of Koffset as compared to transmission as per current specification.

Agreement:
For eMTC, on receiving a timing advance command ending in subframe n, the corresponding adjustment of the uplink transmission timing by the received time advance shall be delayed by Koffset as compared to current specification.

Agreement:
For IoT NTN, support cell-specific Koffset configuration for use during initial access.

Agreement:
For IoT NTN, support the use of UE-specific Koffset in CONNECTED mode.

Agreement:
UE-specific TA reporting is supported in IoT-NTN
· FFS: Detailed contents of report

Conclusion:
In IoT NTN the initialisation of generators for scrambling codes for UL channels and DM-RS shall use the subframe number of the UL channel or UL signal that is indicated by the Koffset-modified timing relationship. 
NOTE: In the view of RAN1, this does not necessarily involve a specification change.

Conclusion:
For IoT NTN, no modifications are needed for the calculation in NR NTN for estimate of UE-eNB RTT.


In this contribution, we will discussion on timing relationship enhancements for IoT over NTN.
Discussion
[bookmark: _Toc80991977]Other Timing Relationships for eMTC/NB-IoT
[bookmark: _Toc80991978]PDCCH order to PRACH
In RAN1#106-e meeting, agreements were achieved on PDCCH order PRACH in NR NTN [1]:
	Agreement
For random access procedure initiated by a PDCCH order received in downlink slot , UE determines the next available PRACH occasion after uplink slot  to transmit the ordered PRACH.
· Note: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  , where  is assumed for PDCCH ordered PRACH.
· FFS: Which value of  should be applied
· FFS: Whether the  timing relationship is impacted by UE behavior within or after the validity duration.


The similar timing relationship enhancement should be aligned between NR NTN and IoT NTN. Thus, in NB-IoT/eMTC over NTN, introducing K_offset should be supported to enhance the timing of PDCCH order to PRACH.
Proposal 1: For NB-IoT/eMTC, introducing K_offset to enhance the timing of PDCCH order to PRACH.
[bookmark: _Toc80991982]Preamble Retransmission
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 2: 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 3: If UL subframe n is used for timing of PRACH preamble retransmission, support timing enhancement based on K_offset.
[bookmark: _Ref80215195][bookmark: _Toc80991986]NPUSCH using PUR
In RAN1#105-e meeting, agreements were achieved on the starts of ra-ResponseWindow and msgB-ResponseWindow in NR NTN [2]:
	Agreement:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.


As a general case for NTN, if a UE initiates an UL transmission, the time at which it shall start to monitor the corresponding PDCCH shall be delayed by the UE-eNB RTT as compared to current specification.
The similar principle can be considered for PUSCH using PUR if supported, i.e., if the UE initiates an PUSCH transmission using pre-configured uplink resource ending in subframe n, the time at which the UE shall start to monitor the PDCCH UE-specific search space shall be delayed by the UE-eNB RTT as compared to current specification.
Proposal 4: For NB-IoT/eMTC, if PUSCH using PUR is to be supported and if the UE initiates an PUSCH transmission using pre-configured uplink resource ending in subframe n, the time at which the UE shall start to monitor the PDCCH UE-specific search space shall be delayed by the UE-eNB RTT as per current specification.
[bookmark: _Toc80992000][bookmark: _Hlk80030196]UE specific TA 
[bookmark: _Ref80215110][bookmark: _Toc80992001]Need and role for UE-specific TA
There was a discussion on UE-specific TA report but no consensus was achieved [3].
	Modified FL Proposal 7.1.2
The following options represent quantities that can be considered for signalling to set and update the UE-specific TA (only some may be supported)
· Option 1: UE-specific NTA, UE-specific 
· Option 2: UE-specific full TA applicable to UL transmission
· Option 3: UE location 
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset 
· Option 5: 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 
· Option 6: Differential indication
· Option 7: Reporting of a stationarity indication + Option 1 or Option 2
· FFS whether to down select including combining options


Regarding the above options, we prefer to Option 3, Option 4 and Option 5.
Option 3 is considered for reduced signaling overhead. For example, for stationary UEs, only one report is sufficient. The most challenge is privacy issue, as UE location is private information, which may only be reported to location server. Thus, option 3 may cannot be taken as a universal solution. It may only be applied for part UEs, who is open to report its location information for efficiency. RAN2 has sent a LS to SA3 for clarifcation on support of UE location report.
Option 4 is preferred for less signaling overhead. In order to avoid the ambiguity during the period when cell-specific K_offset is updated, a clear definition of the reference cell-specific K_offset associated with one TA report may be needed.
Option 5 is preferred for straightforward and less signaling overhead. In this case, a UE reports 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
Based on the above discussion, for UE reporting of information about the UE specific TA pre-compensation, at least one of the following options is supported.
· Option 3: UE location.
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset.
· Option 5: 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.
Proposal 5: For UE reporting of information about the UE specific TA pre-compensation, at least one of the following options is supported.
· Option 3: UE location.
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset.
· Option 5: 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.
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: For NB-IoT/eMTC, introducing K_offset to enhance the timing of PDCCH order to PRACH.
Proposal 2: 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 3: If UL subframe n is used for timing of PRACH preamble retransmission, support timing enhancement based on K_offset.
Proposal 4: For NB-IoT/eMTC, if PUSCH using PUR is to be supported and if the UE initiates an PUSCH transmission using pre-configured uplink resource ending in subframe n, the time at which the UE shall start to monitor the PDCCH UE-specific search space shall be delayed by the UE-eNB RTT as per current specification.
Proposal 5: For UE reporting of information about the UE specific TA pre-compensation, at least one of the following options is supported.
· Option 3: UE location.
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset.
· Option 5: 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.
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