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Introduction
[bookmark: _Hlk510705081]In TR of IoT NTN [1], there are agreements timing relationships individually for NB-IoT and eMTC over NTN and some agreement on how to avoid UL/DL collision in HD-FDD case. How to achieve TA that is needed to avoid collision of UL and DL in HD-FDD is also still remaining issue. 
In this contribution we provide our observations/proposals related to the above issues for IoT over NTN scenario.
Discussion
Cell specific vs beam specific
As where NR has been designed to support multiple NR beams for cmWave and mmWave, there is agreement as FFS for whether NR beam specific K_offset will be configured and utilized in NR NTN. 
But LTE does not support beam related processing for e.g. initial access based on different beam, beam detection and management, beam failure recovery etc. Therefore for IoT over NTN, still there could be multiple satellite beams to improve the coverage, but the beams are transparent to UE and we need to avoid large standardization effort to discuss beam specific processing. Additionally, to support beam related processing will also increase UE cost/complexity, a lot. 
Additionally, as the traffic load is smaller for IoT UE than NR normal UE, especially for short sporadic transmission of IoT UE, there will be less requirement for update of K_offset for IoT UE.
Observation 1: Large complexity for IoT UE and large standardization effort are needed for IoT UE in NTN to support beam specific processing, especially considering less requirement for update of K_offset when with short sporadic transmission.
Proposal 1: Beam specific processing is not introduced into LTE IoT NTN and Cell-specific K_offset could be used for time relation in IoT NTN. 
[bookmark: OLE_LINK2]Half duplex operation
The NB-IoT UEs capable of frequency division duplexing (FDD) are by specification half duplex (TS 36.101, 36.306). The eMTC UE categories M1 and M2 support both half and full duplex FDD. For both technologies, the half duplex FDD operation is type B. For FDD the frame structure 1 is applied (TS 36.211), which means 10 subframes are available for downlink and 10 subframes are available for uplink in each 10 ms radio frame. The type B operation mode means (TS 36.211 section 6.2.5):
For type B half-duplex FDD operation, guard periods, each referred to as a half-duplex guard subframe, are created by the UE by
-	not receiving a downlink subframe immediately preceding an uplink subframe from the same UE, and
-	not receiving a downlink subframe immediately following an uplink subframe from the same UE.

Determining, which guard subframes is used by a UE, i.e. which downlink subframes are blocked, is challenging in NTN, where the cell differential delay can be large (e.g. about 3 ms for LEO-based deployments according to TR 38.821). To handle the issue of blocked downlink subframes, the network can either rely on knowing the UE specific Timing Advance or operate the cell according to the maximum propagation delay. The latter will potentially leave many resources unused, which is problematic from system efficiency perspective.
As discussed in SI phase, with UE specific TA and K_offset, scheduler can avoid the collision of UE specific UL and corresponding DL, by allocating non-colliding resources respectively. While for cell specific DL transmission, e.g. SIB, in some way the scheduler can schedule all UL transmission (considering the largest differential TA) to be outside of the time duration of cell specific DL transmission, although there may be some resource waste and additional latency. 
Observation 2: Operating according to maximum propagation delay in half duplex deployment is resource inefficient.
Observation 3: scheduler may avoid UL-DL collision in HD-FDD for UE specific transmission by considering UE specific TA and K_offset, while it does not work well for cell specific transmission.
In SI, it was proposed [2] that the UE reports its TA to ensure synchronized understanding between UE and network about the potentially blocked subframes. This solution will work, but it may lead to a large signalling overhead if each UE reports every (little) change of TA to the network. 
Observation 4: Reporting each UE specific Timing Advance change leads to high uplink signalling load.
The previous contribution [2] noted that the UE-specific TA updating mechanism can depend on when the TA changes. This will reduce the signalling overhead, but since the service and feeder link propagation delays continuously change, the TA change reporting mechanism will still result in some signalling. 
Observation 5: Limiting Timing Advance reporting to events where the TA has changed reduces the signalling, but due to moving satellites the signalling is not completely minimized.
Additionally, TA reporting will lead to additional UL resource utilization, especially considering large number of repetitions for UE with worse channel status. This will limit the utilization of HD-FDD pattern, which is actually selected based on UL/DL traffic data.
Observation 6: TA reporting may cause additional large UL resource utilization with UL repetitions.
In SI phase, solution for location reporting is also discussed as to save the overhead. One way may be to define a reference TA and configure the UE to only report when the difference between the actual TA and the reference TA exceeds a threshold. For example, the reference TA can be based on the current UE location and satellite position and potentially feeder link delay. In this way, the UE does not need to provide any TA reporting updates if it is stationary. To utilize such a reference TA, the UE can report its location instead of the TA, because it would allow the network to also determine the reference TA. The UE location is also noted to be useful in other aspects of system operation. As an alternative, the UE can report a reference point location in order not to disclose its actual position. 
Observation 7: Defining a TA reference, based on UE location, can minimize signalling overhead, because network and UE can both predict TA. UE only needs to report if it has moved.
Proposal 2: Reporting UE location for determining UE-specific Timing Advance in half duplex deployments is one method, which can be used by eNB scheduler to avoid UL-DL collisions. 
It is also worth noting that the network only needs to understand which subframes will be blocked, meaning that µs accuracy of the TA is not required. 
Timing relationship application
In RAN1 105-e meeting, there is a conclusion as
Conclusion: 
The description of timing relationships for eMTC and NB-IoT in Rel-16 do not take the TA into account in general.
· Note: Exceptions to this may be identified as work on eMTC and NB-IoT over NTN progresses further.

This is mainly about which slot index is used for DM RS generation.As in 36.211, the scrambling ID for DM RS is decided by the UL slot index, which take the TA into account, as “where [image: ] is the first slot of the transmission of the codeword”.
If take TA into account, then eNB need to know the exact TA used by UE, which should be common understanding/calculation by UE and eNB, i.e. TA reporting or location reporting. 
If not take TA into account, then it depends on Dl subframe index + K_offset to determine scrambling ID.
As TA is anyway needed by Node B, it is better to take TA into account as the current definition in 36.211, as no modification to specification and UE implementation in LTE.
Proposal 3: It is preferred to avoid additional modification on specification and UE implementation. Thus it is preferred to keep the definition of RS generation in 36.211, i.e. taking the TA into account.
Conclusion
In this contribution, we presented our observations and proposals on timing relationship enhancements for NB-IoT/eMTC over NTN, as following:
Observation 1: Large complexity for IoT UE and large standardization effort are needed for IoT UE in NTN to support beam specific processing, especially considering less requirement for update of K_offset when with short sporadic transmission.
Observation 2: Operating according to maximum propagation delay in half duplex deployment is resource inefficient.
Observation 3: scheduler may avoid UL-DL collision in HD-FDD for UE specific transmission by considering UE specific TA and K_offset, while it does not work well for cell specific transmission.
Observation 4: Reporting each UE specific Timing Advance change leads to high uplink signalling load.
Observation 5: Limiting Timing Advance reporting to events where the TA has changed reduces the signalling, but due to moving satellites the signalling is not completely minimized.
Observation 6: TA reporting may cause additional large UL resource utilization with UL repetitions.
Observation 7: Defining a TA reference, based on UE location, can minimize signalling overhead, because network and UE can both predict TA. UE only needs to report if it has moved.

Proposal 1: Beam specific processing is not introduced into LTE IoT NTN and Cell-specific K_offset could be used for time relation in IoT NTN. 
Proposal 2: Reporting UE location for determining UE-specific Timing Advance in half duplex deployments is one method, which can be used by eNB scheduler to avoid UL-DL collisions.
Proposal 3: To avoid additional modification on specification and UE implementation, it is preferred to keep the definition of RS generation in 36.211, i.e. taking the TA into account.
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