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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:
In IoT NTN, for a random access procedure initiated by a N/MPDCCH order, the UE shall delay the transmission of the random access preamble by Koffset as compared to the current specification.

Agreement:
For IoT NTN, with respect to the granularity, configuration, indication and update of K_Offset, the mechanisms concluded in NR-NTN shall be taken as baseline.

Agreement:
For eMTC in IoT NTN, if the UE determines that a preamble retransmission is necessary, the choice of a suitable preamble retransmission subframe shall be delayed by Koffset as compared to current specifications.

Agreement:
For NB-IoT, if the UE has initiated an NPUSCH transmission using pre-configured uplink resources ending in subframe n, the UE shall start or restart to monitor the NPDCCH from DL subframe n+4+K_mac (where K_mac is defined as in NR-NTN).

Agreement:
For eMTC, if the UE has initiated an PUSCH transmission using pre-configured uplink resources ending in subframe n, the UE shall start or restart to monitor the MPDCCH from DL subframe n+4+K_mac (where K_mac is defined as in NR-NTN).

Agreement:
Support PUR at least for GEO-based IoT NTN in Rel-17
FFS: for NGSO-based IoT NTN.

Agreement:
NPDCCH monitoring restrictions have been identified for further checking to see if changes for NB-IoT need to be made for the following cases:
· case 1: MTBG NPUSCH
· case 2: 2 NPUSCH HARQ processes scheduled
· case 3: long single NPUSCH when MTBG or 2HARQ configured
· case 4: single NPUSCH scheduled by DCI format N0 or RAR
· case 5: NPUSCH format 2 in response to DCI format N1
· case 6: NPRACH in response to PDCCH order
· case 7: NPUSCH with same HARQ process when 2 HARQ configured
· case 8: subframes after NPUSCH processing
· case 9: subframes after NPUSCH carrying Msg3
· case 10: NPRACH for SR for long NPRACH transmissions
· case 11: NPRACH for SR for short NPRACH transmissions
· FFS: the changes in each case
· FFS: additional cases

In this contribution, we provide our views on the remaining issues of timing relationship enhancement, including the signaling of , the UE specific TA reporting, and the signaling of . 
Discussion
Signaling of Koffset
It was agreed [3] that in IoT NTN, with respect to the granularity, configuration, indication and update of , the mechanisms concluded in NR NTN is taken as baseline. 

It was agreed [3] that NR NTN supports signaling one value for cell specific . Hence, we could have the similar scheme for IoT NTN. 

Proposal 1: In IoT NTN, signaling one value for cell specific  is supported.

It was agreed [3] that in NR NTN, the reference subcarrier spacing value for the unit of  in FR1 is 15 kHz. 

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

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

Proposal 3: In IoT NTN, the UE specific  is provided and updated by network with MAC CE. 


It was agreed [3] that in NR NTN, the value range of  should be down selected from one of the two options. In Option 1, one value range of  is used to cover all scenarios. In Option 2, three different value ranges of  are used for LEO, MEO and GEO scenarios, respectively. The first option is simple, but has large signaling overhead than Option 2, especially for LEO and GEO scenarios. It is open whether additional bits are used to distinguish between LEO, MEO and GEO scenarios when network broadcasts . Considering the time limitation, we prefer a single value range of  is used to cover all scenarios. 

Proposal 4: In IoT NTN, the value range of  is 0 - 542 ms for all scenarios. 

UE’s TA reporting
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. Furthermore, the UE specific  is based on the reported information about UE specific TA. 

It was agreed to support UE specific TA reporting in IoT NTN. The detailed contents of report are open. 

A delay-based UE specific TA reporting was considered [4], where five options were listed: Option 1: UE specific TA; Option 2: UE full TA; Option 3: differential UE specific TA; Option 4: differential UE full TA; Option 5: UE full TA via Msg 3 plus differential UE full TA hereafter. 

Among the options, we prefer differential UE full TA reporting. This differential value is between the UE current full TA and the last successfully reported UE full TA. This option saves the signaling overhead, since only 1 or 2 bits are used to report the differential UE full TA. 

Specifically, UE may initially report its full TA, and then UE may its differential full TA hereafter. In Option 5, the UE full TA reporting via Msg 3 may not be always hold. It was agreed in RAN2 NR NTN that the UE specific TA reporting during RACH procedure is enabled/disabled by system information. If such reporting is disabled, then UE cannot report its full TA via Msg3. 

Proposal 5: For UE specific TA reporting, UE initially reports its full TA and then reports its differential full TA hereafter.  

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. 

It was agreed [3] that in NR NTN, the granularity of the reported TA is slot. We think the similar conclusion could be extended to IoT NTN. 

Proposal 6: The granularity of the reported TA is sub-frame. 

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 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 full TA and the last successfully reported UE 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 7: Support at least event triggered TA reporting. 

Signaling of Kmac
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.

Proposal 8: For UE-eNB RTT estimation, information of  is carried in system information.

It was agreed [3] that in NR NTN, the reference subcarrier spacing value for the unit of  in FR1 is 15 kHz. Similarly, the unit of  in IoT NTN is subframe in 15 kHz subcarrier spacing. 

Proposal 9: In IoT NTN, the unit of  is subframe in 15 kHz subcarrier spacing.

It was agreed [3] that in NR NTN, the value range of  should be down selected from one of the two options. In Option 1, one value range of  is used to cover all scenarios. In Option 2, three different value ranges of  are used for LEO, MEO and GEO scenarios, respectively. Similar to  case, we prefer a single value range of  is used to cover all scenarios. 

Proposal 10: In IoT NTN, the value range of  is 1 - 271 ms for all scenarios. If  is not indicated by network, the default value of  is 0 ms. 

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

Proposal 1: In IoT NTN, signaling one value for cell specific  is supported.

Proposal 2: In IoT NTN, the unit of  is subframe in 15 kHz subcarrier spacing. 

Proposal 3: In IoT NTN, the UE specific  is provided and updated by network with MAC CE. 

Proposal 4: In IoT NTN, the value range of  is 0 - 542 ms for all scenarios. 

Proposal 5: For UE specific TA reporting, UE initially reports its full TA and then reports its differential full TA hereafter.  

Proposal 6: The granularity of the reported TA is sub-frame. 

Proposal 7: Support at least event triggered TA reporting. 

Proposal 8: For UE-eNB RTT estimation, information of  is carried in system information.

Proposal 9: In IoT NTN, the unit of  is subframe in 15 kHz subcarrier spacing.

Proposal 10: In IoT NTN, the value range of  is 1 - 271 ms for all scenarios. If  is not indicated by network, the default value of  is 0 ms. 
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