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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.

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

Discussion
Timing relationships for NB-IoT / eMTC
The propagation delays in terrestrial mobile systems are usually less than 1 ms. In contrast, the propagation delays in NTN are much longer, ranging from several milliseconds to hundreds of milliseconds depending on the altitudes of the space borne or airborne platforms and payload type in NTN. Dealing with such long propagation delays requires modifications of many timing aspects from physical layer to higher layers, including the timing advance (TA) mechanism [1].
In NR NTN, RAN1 has agreed to include additional timing offset Koffset value (proportional to at least a portion of the propagation delay) to applicable timing equations. Although details of this Koffset value are yet to be determined, a similar solution should be adopted for NB-IoT/eMTC NTN. The introduced timing offset Koffset is mostly used for transmission timing where UE switches downlink reception to uplink transmission. 
For NR NTN, cell specific Koffset is configured to take the maximum TA (e.g., for cell edge UE) within one cell into account, the scheduling delay is very large, while beam specific Koffset is configured to UE in particular beam and Koffset only covers UE in the small range of beam footprint, which saves the transmission delay. 
However, for IoT NTN, there is no beam sweeping, beam specific timing offset is not required. IoT device is not sensitive to transmission delay; cell specific Koffset configuration will save additional signaling overhead compared to potential UE-specific Koffset configuration. So cell-specific timing offset Koffset  is broadcasted in SIB, and the value of Koffset  should be large enough to cover all UE in the cell and potential time offset drift in a period. Furthermore, Koffset  should be multiple of valid-subframe pattern period (e.g., 40ms) and facilitate the eNB scheduling.

Proposal 1: Cell specific timing offset Koffset is broadcasted in SIB.

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: Cell specific timing offset Koffset is broadcasted in SIB.
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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