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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 #104b-e meeting [3], [4]. 

Agreement:
The following NB-IoT timing relationships need enhancing for essential minimum functionality of IoT NTN:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1
· NPDSCH to HARQ-ACK on NPUSCH format 2
· Timing advance command activation
· FFS: NPDCCH order to NPRACH
· FFS: Other NB-IoT timing relationships

Agreement:
The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of NB-IoT timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.

Agreement:
The following eMTC timing relationships need enhancing for essential minimum functionality of IoT NTN:
· 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
· FFS: MPDCCH order to PRACH
· FFS: Other eMTC timing relationships

Agreement:
The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of eMTC timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.

Agreement:
For NB-IoT over NTN, the following timing relationship needs to be studied to check whether enhancement is necessary and beneficial: 
· PRACH preamble retransmission

Agreement: 
For eMTC over NTN, the following timing relationship needs to be studied to check whether enhancement is necessary and beneficial: 
· PRACH preamble retransmission

Agreement:
Capture the following in the TR:
The UE-specific TA and/or K_offset can be used by the eNB in its scheduling to avoid UL-DL collisions in FDD-HD.

Agreement:
The following aspects of Koffset are not to be studied further and can at least rely on decisions made in the NR NTN WI:
· Explicit or implicit indication in system information
· Support UE-specific Koffset after initial access

In this contribution, we provide our views on the topics of timing relationship, including the update of an agreement, the time offset acquisition in initial access and after initial access, and timing relationship enhancement for RAR window offset.
Discussion
A list of eMTC timing relationship enhancement for NTN was agreed [3]. One of the eMTC timing relationship enhancement is “PUSCH to HARQ-ACK on PUCCH”. We think this does not accurately capture the discussions and consensus [4]. Instead, this item should be replaced by “PDSCH to HARQ-ACK on PUCCH”. Hence, we have the following proposal.

Proposal 1: The following eMTC timing relationships need enhancing for essential minimum functionality of IoT NTN:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· MPDCCH to scheduled uplink SPS 
· PDSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· FFS: MPDCCH order to PRACH
· FFS: Other eMTC timing relationships
Note: This proposal is to replace the corresponding proposal in RAN1 #104b-e meeting. 

It was agreed [3] that the timing relationship enhancement based on , as in NR NTN, should be the starting point for the timing relationship enhancement in IoT NTN. To facilitate the timing relationship enhancement in initial access (e.g., transmission timing of RAR grant scheduled PUSCH), a cell specific  is carried in system information in NR NTN. Similarly, a cell specific  can be carried in system information in IoT NTN. This cell specific  is used to enhance the timing relationship in initial access, as well as after initial access. 

Proposal 2: A cell specific  is broadcasted in system information. 

Due to large cell size, the propagation delay of UEs in an NTN cell can have large variation. The cell specific time offset  used in initial access may not be accurate for each individual UE. In NR NTN, the update of  after initial access is supported. This  could be based on UE specific TA, which increases the scheduling efficiency. 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 an updated  after initial access is not strong. If a cell specific  is used after initial access, the scheduling may be inefficiency for some UEs, which increases latency for these UEs. However, the latency requirements for IoT service are quite relaxed. For example, the latency requirement is up to 15 ms for eMTC devices and up to 10 seconds for NB-IoT devices. Hence, the update of  after initial access does not seem to be necessary. 
On the other hand, the updated  value after initial access is closely related to UE specific TA. Note that the UE specific TA reporting to eNB may be needed for eNB’s scheduling to avoid UL-DL collisions in FDD-HD. Hence, the main additional effort to support the update of  after initial access is eNB’s signaling of . 

Overall, RAN1 needs to study the necessity of supporting the update of  after initial access. 

Proposal 3: RAN1 to study the necessity of updating  after initial access. 

In initial access, after UE sends PRACH, it waits for the RAR from network. In NB-IoT, RAR window starts 41 subframes after the last subframe of PRACH transmission. This gap is used for UE to switch from transmission mode to reception mode. 

The large TA value in NTN needs to be considered in determining the RAR window starting time. Due to the large propagation delay in NTN, a UE expects a larger gap than in terrestrial network to receive RAR after it transmits PRACH. It is beneficial to introduce an offset of RAR window starting time. 

The UE specific RTT to eNB accurately matches the expected earliest RAR reception time, and hence can be used as the RAR window offset. The UE specific RTT to eNB is equal to the sum of the RTT between UE and satellite and the feeder link RTT. The former RTT is based on UE measurement, and the feeder link RTT is broadcasted by network. Since the RAR window offset is used in initial access, it is necessary to carry feeder link RTT in system information. 

Proposal 4: RAR window offset is set as the UE specific RTT to eNB.  

Proposal 5: Feeder link RTT is broadcasted in system information. 

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

Proposal 1: The following eMTC timing relationships need enhancing for essential minimum functionality of IoT NTN:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· MPDCCH to scheduled uplink SPS 
· PDSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· FFS: MPDCCH order to PRACH
· FFS: Other eMTC timing relationships
Note: This proposal is to replace the corresponding proposal in RAN1 #104b-e meeting. 

Proposal 2: A cell specific  is broadcasted in system information. 

Proposal 3: RAN1 to study the necessity of updating  after initial access. 

Proposal 4: RAR window offset is set as the UE specific RTT to eNB.  

Proposal 5: Feeder link RTT is broadcasted in system information. 
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