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In the RAN#92 plenary meeting, a work item for Rel.17 NBIoT/eMTC support for NTN was approved. One of the objectives is to specify the following enhancements to NBIoT/eMTC on NTN:
Specify the following  IoT NTN specific timing relationships enhancements according to Section 8 in TR 36.763:
-	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.

The following agreements on timing relationship for IoT NTN were achieved:

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 initialization 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, detailed considerations of potential NBIoT/eMTC enhancement for NTN, especially timing relationship enhancement are presented.

Discussion
The timing relationship between PUSCH/NPUSCH and MPDCCH/NPDCCH UE-specific search space by PUR-RNTI
For timing relationship of uplink transmission by PUR to corresponding search space by PUR-RNTI, RAN2 has made the following agreements with respect to PUR:
· From RAN2’s perspective, delayed start of pur-ResponseWindowTimer with UE-eNB RTT can be supported. This can be revised if RAN1 finds issues to support PUR that are not small. 
· pur-ResponseWindowSize is not extended for IoT NTN.

To align the above agreement, we propose the following update for timing relationship in current specification in TS36.213
· If the UE has initiated a PUSCH transmission using preconfigured uplink resource ending in subframe n, the UE shall monitor the MPDCCH UE-specific search space in a search space window starting in subframe n+4+Kmac with duration given by higher layer parameter pur-MPDCCH-SS-window-duration. Kmac  is the timing offset for DL & UL at eNB side and Kmac  equals to 0 if DL & UL timing are aligned.
Proposal 1: For NB-IoT/eMTC, if the UE has initiated an NPUSCH/PUSCH transmission using pre-configured uplink resource ending in subframe n, the time at which the UE shall start to monitor the NPDCCH/PDCCH UE-specific search space shall be delayed by Kmac  as compared to current specification. Kmac  is the timing offset for DL & UL at eNB side and Kmac  equals to 0 if DL & UL timing are aligned.

UE-specific TA maintenance and reporting
Considering the satellite orbital speed of 7.5 km/s at 600km altitude, and a minimum elevation angle on earth of approximately 10 degrees, the maximum delay drift between UE and satellite alone will be on the order of ±20 𝜇𝑠/𝑠
UE with location information and satellite ephemeris information, UE can update TA based on TA command and self-derived TA. However, eNB may not know the exact TA adopted in UE side.
In IoT NTN discussion, due to large RTT in NTN, additional scheduling delay cell-specific Koffset for NBIoT is proposed, and Koffset is always configured to large enough to cover all UE in the cell.
For HD-FDD UE, UE should not receive NPDCCH/NPDSCH and transmit NPUSCH simultaneously, so eNB should schedule NPDSCH and NPUSCH carefully to avoid UL/DL subframe collision. eNB should needs to know the actual start/end subframe of NPUSCH transmission due to uncertain TA for further scheduling of NPDSCH/NPUSCH to avoid UL/DL subframe collision.
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Figure 1.  UE TA reporting to avoid collision UL/DL

In initial access, UE report the TA value in msg3 and report the TA value in the following NPUSCH, the TA can be propagation delay/UE-specific TA part (reflecting all or partial of round-trip delay) (e.g., one way delay, excluding the feeder link delay).
In order to saving the signaling overhead, differential TA value can be reported in msg3 or NPUSCH, and the differential TA can be the relative value to 1) broadcast common TA; 2) configured cell specific Koffset; 3) (previous) reported TA.

Proposal 2: UE report the TA value in msg3 and report the TA value in the following NPUSCH, the TA can be propagation delay/UE-specific TA (reflecting all or partial of round-trip delay) (e.g., one way delay, excluding the feeder link delay).
Proposal 3: Differential TA value can be reported in msg3 or NPUSCH and the differential TA can be the relative value to 1) broadcast common TA; 2) configured cell specific Koffset; 3) (previous) reported TA.

Conclusions
In this contribution, considerations of timing relationship enhancement for IoT NTN are provided. The following proposals are given.
Proposal 1: For NB-IoT/eMTC, if the UE has initiated an NPUSCH/PUSCH transmission using pre-configured uplink resource ending in subframe n, the time at which the UE shall start to monitor the NPDCCH/PDCCH UE-specific search space shall be delayed by Kmac  as compared to current specification. Kmac  is the timing offset for DL & UL at eNB side and Kmac  equals to 0 if DL & UL timing are aligned.
Proposal 2: UE report the TA value in msg3 and report the TA value in the following NPUSCH, the TA can be propagation delay/UE-specific TA (reflecting all or partial of round-trip delay) (e.g., one way delay, excluding the feeder link delay).
Proposal 3: Differential TA value can be reported in msg3 or NPUSCH and the differential TA can be the relative value to 1) broadcast common TA; 2) configured cell specific Koffset; 3) (previous) reported TA.
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