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Introduction
The study item description of NB-IoT/eMTC support for NTN was provided in [1]. One objective of this study item is to enhance timing relationship, where the conclusions of the studies performed for NR NTN in [2] should be reused as much as possible. 

In this contribution, we provide our views on the topics of timing relationship, including the acquisition of time offset, and the usage of time offset in initial access and after initial access. 
Discussion
In NR over NTN [3] [4], the time offset  is introduced for UE’s downlink-uplink timing interaction, which is aimed to compensate the large propagation delay in NTN. This time offset is used to enhance the timing relationships of DCI scheduled PUSCH, RAR grant scheduled PUSCH, HARQ-ACK on PUCCH, aperiodic SRS and CSI reference resource timing [3]. This time offset is further extended to 2-step RACH and type 2 configured grant [4]. In general, the  should be larger than the timing advance to ensure an uplink transmission occurs after receiving the corresponding scheduling information.

The network scheduling will be affected by the large propagation delay in NTN. Although the scheduling mechanism in NR is different from that in NB-IoT/eMTC, we think the principle of introducing a time offset for scheduling could be applied for both cases. For example, if network schedules an uplink transmission for an IoT device, it expects to receive the uplink transmission much later than the scheduled timing (e.g., in DCI) due to the large propagation delay in NTN. Here, the  should be used for network to calculate the timing of receiving the uplink transmission. 

Proposal 1: IoT over NTN reuses the principle of the timing relationship enhancement in NR over NTN. 

In NR over NTN [3], a cell specific  configuration, which is configured in system information and used in initial access, is supported. This  is mainly used to enhance the timing relationship of RAR grant scheduled PUSCH and HARQ-ACK to Msg 4/Msg B. We think the similar scheme could be used for IoT over NTN. A cell specific  is configured as system information and is used to enhance the timing relationship at least in initial access. The selection of  value should be larger than the RTT between a timing reference point (e.g., at satellite) and the farthest UE in the coverage. 

Proposal 2: A cell specific  is configured as system information and is used in initial access.

Proposal 3: A cell specific  is used to enhance the timing relationship of RAR grant scheduled PUSCH and HARQ-ACK to Msg 4.  

Due to large cell size, the propagation delay of UEs in an NTN cell can have large variation. For example, the maximum differential delay in a GEO-based cell is up to 10.3 ms [4]. The cell specific time offset  used in initial access is not accurate for each individual UE. 

It is open in NR over NTN where a UE specific time offset is used after the initial access. The value of UE specific time offset depends on the distance between UE and serving satellite. For network to calculate a UE specific , UE may need to frequently report its TA or related information to network due to satellite and UE movement. This involves additional signaling from UE to network.

In IoT over NTN, the motivation of using a UE specific time offset is not strong. The latency is not the critical KPI for IoT devices. For example, the latency requirement is up to 15 ms for eMTC devices and up to 10 seconds for NB-IoT devices. The maximum differential delay in an NTN cell is acceptable in network scheduling, comparing with the latency requirements of NB IoT devices. On the other hand, using a cell specific  for all UEs in an NTN cell after initial access could save the signaling related to calculating UE specific . This signaling saving is significant in case the number of IoT devices in an NTN cell is large. Hence, we have the following proposal.

Proposal 4: A cell specific  is used after initial access at least for NB-IoT devices. 

Like in NR over NTN, the  used by a UE after initial access could be applied to enhance the timing relationships of DCI scheduled PUSCH, DCI scheduled aperiodic SRS, HARQ-ACK on PUCCH and CSI reference resource timing. 

Proposal 5: The  is used to enhance the timing relationship of DCI scheduled PUSCH, DCI scheduled aperiodic SRS, HARQ-ACK on PUCCH, and CSI reference resource timing.

In IoT over terrestrial network, it seems the timing related to uplink scheduling and HARQ-ACK feedback takes the timing advance (TA) into account. For example, in NB IoT over terrestrial network [5], upon detecting a DCI format N0 ending in NB-IoT downlink subframe  intended for a UE, the UE transmits the corresponding NPUSCH using format 1, starting from the first NB-IoT uplink slot after the end of downlink subframe , where  is determined by the DCI format N0 “scheduling delay” field. Note that the uplink transmission time is determined on top of the DCI reception time. This implies TA is already taken into account. 

In another example of NB IoT over terrestrial network [5], upon detecting a NPDSCH transmission ending in NB-IoT downlink subframe  intended for a UE, the UE transmits the corresponding ACK/NACK in NPUSCH format 2, starting from the first NB-IoT uplink slot after the end of downlink subframe , where  is determined by DCI format N1 “HARQ-ACK resource” field. Again, the HARQ-ACK feedback time is determined on top of the NPDSCH reception time, which implies TA is already taken into account. 

The current specification of IoT over terrestrial network ensures the uplink transmission is always after the reception of scheduling. However, it is not obvious to directly expand this specification to IoT over NTN. To align the uplink transmission timing between network and UE in IoT over NTN,  needs to be used at UE side to determine its uplink transmission time, since it is used at network side to determine the uplink reception time. However, the usage of   in determining UE’s uplink transmission slot needs to remove the impact of TA. Further study is needed to align the scheduling timing between UE and network.

Proposal 6: RAN1 to study how to align the scheduling timing between UE and network.  

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

Proposal 1: IoT over NTN reuses the principle of the timing relationship enhancement in NR over NTN. 

Proposal 2: A cell specific  is configured as system information and is used in initial access.

Proposal 3: A cell specific  is used to enhance the timing relationship of RAR grant scheduled PUSCH and HARQ-ACK to Msg 4.  

Proposal 4: A cell specific  is used after initial access at least for NB-IoT devices. 

Proposal 5: The  is used to enhance the timing relationship of DCI scheduled PUSCH, DCI scheduled aperiodic SRS, HARQ-ACK on PUCCH, and CSI reference resource timing.

Proposal 6: RAN1 to study how to align the scheduling timing between UE and network.  
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