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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. The following agreements have been made in RAN1 #104-e meeting [3], [4]. 

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.
[bookmark: _Hlk63428477]
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, 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], [5], [6], 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 [5]. This time offset is further extended to 2-step RACH and type 2 configured grant [6]. 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 [5], 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. 

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. 

Specifically, for NB-IoT over NTN, RAN1 needs to enhance the timing relationship of NPDCCH to NPUSCH format 1, RAR grant to NPUSCH format 1, NPDCCH to HARQ-ACK on NPUSCH format 2. 

For eMTC over NTN, RAN1 needs to enhance the timing relationship of MPDCCH to PUSCH, RAR grant to PUSCH, MPDCCH to scheduled uplink SPS, PUSCH to HARQ-ACK on PUCCH, CSI reference resource timing and MPDCCH to aperiodic SRS. 

Proposal 2: In NB-IoT, RAN1 to enhance the timing relationship of NPDCCH scheduled NPUSCH format 1, RAR grant scheduled NPUSCH format 1, NPDCCH scheduled HARQ-ACK on NPUSCH format 2. 

Proposal 3: In eMTC, RAN1 to enhance the timing relationship of MPDCCH scheduled PUSCH, RAR grant scheduled PUSCH, MPDCCH scheduled HARQ-ACK on PUCCH, MPDCCH scheduled uplink SPS, MPDCCH scheduled aperiodic SRS, and CSI reference resource timing.
There are some discussions on the MAC CE activation timing for IoT over NTN. It was agreed to identify IoT-NTN configurations needing MAC CE activation/deactivation. We think at least the timing advance command MAC CE needs to be examined. From the current specifications [7] that 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. It is not straightforward whether the TA is included in determining the downlink and uplink subframes.

Proposal 4: RAN1 to study the TA command MAC CE activation 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 [7], 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 [7], 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 straightforward 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 5: RAN1 to study how to align the scheduling timing between UE and network.  

There are two types of half-duplex FDD (HD-FDD). In type A HD-FDD, a UE is not receiving the last part of a downlink subframe immediately preceding an uplink subframe. In type B HD-FDD, a UE is not receiving a downlink subframe immediately preceding and downlink subframe immediately following an uplink subframe. Such UE-specific reception restriction should be considered by eNB in IoT over NTN in the context of large timing advance. If a timing offset is introduced to enhance the timing relationship between DL-UL transit, then the timing with downlink scheduling restriction due to HD-FDD at UE needs to be studied accordingly.  

Proposal 6: RAN1 to study the downlink scheduling restriction due to HD-FDD at UE.
 
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: In NB-IoT, RAN1 to enhance the timing relationship of NPDCCH scheduled NPUSCH format 1, RAR grant scheduled NPUSCH format 1, NPDCCH scheduled HARQ-ACK on NPUSCH format 2. 

Proposal 3: In eMTC, RAN1 to enhance the timing relationship of MPDCCH scheduled PUSCH, RAR grant scheduled PUSCH, MPDCCH scheduled HARQ-ACK on PUCCH, MPDCCH scheduled uplink SPS, MPDCCH scheduled aperiodic SRS, and CSI reference resource timing.

Proposal 4: RAN1 to study the TA command MAC CE activation timing. 

Proposal 5: RAN1 to study how to align the scheduling timing between UE and network. 
 
Proposal 6: RAN1 to study the downlink scheduling restriction due to HD-FDD at UE.
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