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Introduction
The study of NB-IoT/eMTC support for NTN was concluded [1]. Several topics were identified for further work in Release 17. This is summarized in the work item descriptions [2]. 

One RAN1 objective of this work item is to specify the timing relationship enhancements, which include the timing relationships for NB-IoT/eMTC, UL scheduling for half duplex (HD) FDD, and signaling aspects in UE specific TA maintenance and reporting. 

In the last RAN1 meeting [3], [4], the timing relationship enhancements in IoT NTN were discussed and the following agreements have been made.

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 provide our views on the remaining issues of timing relationship enhancement, including the usage of , the signaling details of , the UE specific TA reporting, and the signaling details of . 
Discussion
It was agreed [3] that the time offset  is used to enhance the NB-IoT timing relationship for several cases, including NPDCCH to NPUSCH format 1, RAR grant to NPUSCH format 1, NPDSCH to HARQ-ACK on NPUSCH format 2 and timing advance command activation. 

There are some discussions [4] on the usage of  to enhance the timing relationship for NPDCCH ordered NPRACH transmission. In NR over NTN, it was agreed [3] that  is used to enhance the timing relationship for PDCCH ordered PRACH transmission. The similar design could be applied to NB-IoT over NTN. Specifically,  is used to enhance the timing relationship for NPDCCH ordered NPRACH transmission. 

It was supported [3] that in IoT over NTN, a cell specific  is configured for use during initial access and a UE specific  is used in RRC_CONNECTED state. It is open whether a cell specific  or a UE specific  is used in NPDCCH ordered NPRACH transmission for NB-IoT. In our view, the NPDCCH ordered NPRACH transmission belongs to initial access, and a cell specific  should be used to enhance the timing relationship of NPDCCH ordered NPRACH transmission. 

Proposal 1: In NB-IoT over NTN, enhance the timing relationship of NPDCCH ordered NPRACH transmission based on cell specific .

It was agreed [3] that the time offset  is used to enhance the NB-IoT timing relationship for several cases, including 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. 

Similar to NB-IoT over NTN, we think in eMTC over NTN, a cell specific  is used to enhance the timing relationship for MPDCCH ordered PRACH transmission.

Proposal 2: In eMTC over NTN, enhance the timing relationship of MPDCCH ordered PRACH transmission based on a cell specific .

It was agreed [3] that for NR over NTN, the unit of  is number of slots for a given subcarrier spacing. In LTE, we do not have flexibility on subcarrier spacing. In general, the subcarrier spacing of 15 kHz is assumed. In LTE, a subframe is used as a minimum scheduling unit in time domain, where each subframe is 1 ms duration. Hence, the unit of  is subframe in 15 kHz subcarrier spacing, or equivalent of 1 ms. 

Proposal 3: In IoT over NTN, the unit of  is subframe in 15 kHz subcarrier spacing. 

It was agreed [3] that for NR over NTN, the UE specific  is provided and updated by network with MAC CE. The similar design could be applied to IoT over NTN. 

Proposal 4: In IoT over NTN, the UE specific  is provided and updated by network with MAC CE. 

For IoT devices with HD FDD, the uplink transmission and downlink reception could not occur simultaneously. This restriction on the device requires the accurate network scheduling. In IoT NTN, the UE specific TA is measured by UE itself based on its GNSS location and satellite ephemeris. This information is not autonomously known to network. Without the knowledge of UE specific TA, accurate network scheduling to avoid uplink-downlink collision is infeasible. Hence, it is desirable for HD FDD devices to report information about UE specific TA for scheduling to avoid uplink-downlink collision. 

It was agreed [3] to support UE specific TA reporting in IoT over NTN. The detailed contents of report are open. Seven options were discussed in RAN1 #106-e meeting [4]. 

Among the options, we prefer Option 1 and Option 2. The reporting of UE location may have security concern, which makes Option 3 non-preferred. Option 7 provides an add-on reporting on top of Option 1 or Option 2, where the stationarity indication reporting may not be useful for fast moving devices. 

In our view, the main purpose of UE reporting to eNB is to facilitate eNB’s derivation of UE specific  for uplink scheduling adaptation, as well as to avoid eNB’s scheduling leading to half duplex operations at UE side. Since the scheduling is assumed to have granularity of subframes, the UE’s reporting does not need to have a smaller granularity. This could save the signaling overhead of UE reporting. 

The signaling overhead could be further reduced if a differential value is reported. For example, UE could report the differential UE specific TA or differential full TA, i.e., the difference between the current UE specific TA or full TA and last reported UE specific TA or full TA. 

Proposal 5: For UE specific TA reporting, the contents of report are differential UE specific TA or differential UE’s full TA with coarse granularity (e.g., subframe-level granularity).  

Regarding the UE reporting frequency, we think at least the event triggered approach should be supported. Basically, a UE reports to eNB only if it detects the necessity of updating UE specific . When there is a large update on UE specific TA or full TA, which implies that the current UE specific  value is about to be invalid or inefficient, UE needs to report to eNB to facilitate the UE specific  update. Specifically, if the offset between the current UE specific TA or full TA and the last reported UE specific TA or full TA is larger than a threshold (e.g., a subframe), then UE reports its the differential UE specific TA or differential full TA, in subframe-level granularity. 

Proposal 6: Support at least event triggered TA reporting. 

It was concluded that for IoT NTN, no modifications are needed for the calculation in NR NTN for estimate of UE-eNB RTT. This implies that  is used in the estimation of UE-eNB RTT. The signaling details of  need to be considered.

Since the UE-eNB RTT is estimated and is used during UE’s initial access procedure,  has to be carried in system information. Like , the unit of  is subframe in 15 kHz subcarrier spacing, or equivalent of 1 ms. 

Proposal 7: For UE-eNB RTT estimation, information of  is carried in system information. The unit of  is subframe in 15 kHz subcarrier spacing.


Conclusion
In this contribution, we provided our views on timing relationship enhancement for IoT NTN. Our proposals are as follows: 

Proposal 1: In NB-IoT over NTN, enhance the timing relationship of NPDCCH ordered NPRACH transmission based on cell specific .

Proposal 2: In eMTC over NTN, enhance the timing relationship of MPDCCH ordered PRACH transmission based on a cell specific .

Proposal 3: In IoT over NTN, the unit of  is subframe in 15 kHz subcarrier spacing. 

Proposal 4: In IoT over NTN, the UE specific  is provided and updated by network with MAC CE. 

Proposal 5: For UE specific TA reporting, the contents of report are differential UE specific TA or differential UE’s full TA with coarse granularity (e.g., subframe-level granularity).  

Proposal 6: Support at least event triggered TA reporting. 

Proposal 7: For UE-eNB RTT estimation, information of  is carried in system information. The unit of  is subframe in 15 kHz subcarrier spacing.
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