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In the RAN#86 plenary meeting, a study item for Rel.17 NBIoT/eMTC support for NTN was approved. One of the objective is to specify the following enhancements to NBIoT/eMTC on NTN.

The second objective is, for the above identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
-	Aspects related to random access procedure/signals [RAN1, RAN2]
-	Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
-	Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]
-    Aspects related to HARQ operation [RAN2, RAN1]
-	General aspects related to timers (e.g. SR, DRX, etc.) [RAN2]
-	RAN2 aspects related to idle mode and connected mode mobility [RAN2]
-	RLF-based for NB-IoT
-	Handover-based for eMTC
-	System information enhancements [RAN2]
-	Tracking area enhancements [RAN2]
NOTE 3: 	GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.

The following agreements on timing relationship for IoT NTN were achieved:
Agreement:
For NB-IoT over NTN, at least the following timing relationships need to be studied individually for checking whether enhancement is necessary and beneficial: 
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation
· FFS: Other NB-IoT timing relationships
Agreement:
For eMTC over NTN, at least the following timing relationships can be studied individually for checking whether enhancement is necessary and beneficial:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· FFS: Other eMTC timing relationships
Agreement: 
Identify IoT-NTN configurations needing activation/de-activation via MAC CE and their timing relationships. 
Agreement:
Study the impact of large RTD (which impacts TA) on HD-FDD UL-DL timing relationships and check whether enhancement is necessary and beneficial.
Agreement:
Study the impact on any timing relationships for IoT-NTN due to the need to perform GNSS measurements for time and frequency synchronization

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

Discussion
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. 
Timing relationship of timing advance command activation
For timing relationship of timing advance command activation, the specification of NBIoT and eMTC is slightly different. 
TS36.213 Section 16.1.2 (NB-IoT)
For a timing advance command reception ending in DL subframe n, the corresponding adjustment of the uplink transmission timing shall apply from the first available NB-IoT uplink slot following the end of n+12 DL subframe and the first available NB-IoT uplink slot is the first slot of a NPUSCH transmission.
TS36.213 Section 4.2.3 (eMTC)
For a BL/CE UE, for a timing advance command received on subframe n, the corresponding adjustment of the uplink transmission timing shall apply for the uplink PUCCH/PUSCH/SRS transmissions in subframe n+6.
For NBIoT, in legacy TN network, the propagation delay is very short, the subframes for uplink and downlink are aligned, there is no misunderstanding for the NB-IoT uplink slot and DL subframe in current specification, so network and UE have common understanding of the first available NB-IoT uplink slot. 
However, in NTN network, the network does not know the exact TA adopted by UE and does not know the first available NB-IoT uplink slot is, so the NB-IoT uplink slot and DL subframe should be aligned for network and UE first and then the additional timing offset Koffset should be introduced to the NB-IoT uplink slot. we should follow NR TAC timing relationship specification in TS38.211, and define the NBIoT uplink slot m is the last slot among NBIoT uplink slot(s) overlapping with the subframe of 12 DL subframes after NPDSCH reception assuming , and then add the additional timing offset Koffset to the NBIoT uplink slot m.
For eMTC, additional timing offset Koffset should be added similar as NR.
Timing relationship of NPDCCH order to NPRACH
For timing relationship of NPDCCH order to NPRACH, the network does not know the exact TA adopted by UE, and does not know which PRACH occasion is selected by the UE. However, different from the timing relationship of TAC, it is reasonable and acceptable for network to perform blind detections in all possible RO candidates with prior information (e.g., cell/beam maximal and minimum range information). So the additional timing offset Koffset is not needed.
Timing relationship of configurations activation/de-activation via MAC CE
Regarding the timing relationship of configurations activation/de-activation via MAC CE, the same principal should be adopted for NTN IoT. The additional time offset K_mac to the MAC CE is needed for the case that DL and UL frame timing are not aligned at the eNB and the MAC CE command indicates the UE action on a downlink configuration.
Proposal 1: At least the following timing relationship should be enhanced by additional timing offset 
For NBIoT:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation
For eMTC:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation

Proposal 2: The timing relationship of configurations activation/de-activation via MAC CE is the same as NR NTN.

For the additional time offset Koffset, the following agreement has been achieved in NR NTN,
Agreement:
· For K_offset configured in system information and used in initial access, at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported.
· FFS: Beam specific K_offset configured in system information and used in initial access.
Agreement:
· Update of K_offset after initial access is supported

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 3: Cell specific timing offset Koffset is broadcasted in SIB.

Conclusions
In this contribution, considerations of timing relationship enhancement for IoT NTN are provided. The following proposals are given.
Proposal 1: At least the following timing relationship should be enhanced by additional timing offset 
For NBIoT:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation
For eMTC:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation

Proposal 2: The timing relationship of configurations activation/de-activation via MAC CE is the same as NR NTN.
Proposal 3: Cell specific timing offset Koffset is broadcasted in SIB.
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