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[bookmark: _Hlk521259925]In RAN#92-e meeting, the Rel-17 work item of NB-IoT/eMTC support for Non-Terrestrial Networks was approved with the following RAN1 objectives [1].
	RAN1
Specify the following time and frequency synchronization enhancements, using NR_NTN_solutions WI  agreements as baseline, according to Section 8 in TR 36.763: 
-	UE pre-compensation including ephemeris format (orbital / Position -Velocity)
-	UE pre-compensation for UL synchronization in RRC_IDLE and RRC_CONNECTED states based at least on its GNSS-acquired position and the serving satellite ephemeris 
-	Timing advance formula (granularity of the timing advance may be different)
-	Combination of Open (i.e. UE autonomous TA estimation, and common TA estimation) and Closed TA (i.e., received TA commands) control loops in RRC_CONNECTED state
Agreements on the above are up to the decision in NR_NTN_Solutions WI and will be used for IoT NTN with minimum changes, if any. 
 
Specify the following time and frequency synchronization enhancements that are not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:
-	Long PUSCH and PRACH Transmission enhancements: segmented UE pre-compensations, new UL gaps and/or implementation solutions, time units and duration of segments.
-	Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects
-	DL synchronization enhancements: A single solution will be selected between: new channel raster, (part of) ARFCN-indication-in-MIB. 
-	GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission

Specify the following  IoT NTN specific timing relationships enhancements according to Section 8 in TR 36.763:
-	Timing relationships for NB-IoT / eMTC: as listed in Section 6.6.3 in TR 36.763 
-	UL scheduling for FDD-HD: Use of UE-specific TA and/or K_offset to avoid UL-DL collisions in FDD-HD
-	Signalling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signalling load and determination of the UE-specific TA.


In this contribution, we will discussion on timing relationship enhancements for IoT over NTN.
Discussion
[bookmark: _Hlk79135836]UL scheduling for FDD-HD: Use of UE-specific TA and/or K_offset to avoid UL-DL collisions in FDD-HD
In RAN1#104b-e meeting, agreements were achieved on UL scheduling for FDD-HD in IoT NTN[3]:
	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.
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Figure 1: Restriction on Scheduling for TDD/HD-FDD.
As shown in Figure 1, for FDD-HD, the large TA in NTN scenarios may result in interrupted UL/DL transmissions. 
If the eNB is aware of the UE- specific TA, it can avoid UL-DL collisions in FDD-HD through appropriate scheduling.
Otherwise, cell-specific Koffset, beam-specific Koffset, and UE-specific Koffset can also be used to solve the UL-DL collision issue in FDD-HD.
It is noted that cell-specific Koffset >= beam-specific Koffset >= UE-specific Koffset >= UE- specific TA, thus, among the above four solutions, 
· UE-specific TA based solution can achieve the minimum latency with the cost of potential large signaling overhead and power consumption to obtain UE- specific TA via frequent UE-specific TA reporting.
· In the contrary, cell/beam-specific Koffset based solution don’t need UE report, with the cost of larger latency. Nevertheless, from the perspective of network, network efficiency reduction may be neglectable, since the reserved time-domain resource GAP for one FDD-HD UE can be filled by scheduling other FDD-HD UEs.
Based on the above discussion, UE-specific TA and cell/beam/UE-specific Koffset based solutions need further study, taking latency, signaling overhead, power consumption, and network efficiency into account.
Proposal 1: For UL scheduling for FDD-HD to avoid UL-DL collisions, cell/beam/UE-specific Koffset and UE-specific TA based solutions need further study, taking latency, signaling overhead, power consumption, and network efficiency into account.
Signalling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signalling load and determination of the UE-specific TA.
Regarding TA reporting, the similar discussions occur in NR NTN [4].
	Moderator recommendation on TA reporting:
Companies are encouraged to provide input on this issue at the next RAN1 meeting, taking into account the questions asked by RAN2 LS:
1) At least for uplink scheduling adaptation, what is the exact content of UE reporting of information about the UE specific TA pre-compensation?
a. Option 1: UE specific TA: [Apple, MediaTek, CATT, Lenovo/MM(?)]
b. Option 2: Full TA: [ZTE, Lenovo/MM(?)]
c. Option 3: UE location: [Panasonic]
d. Option 4: Difference between UE-specific K_offset and cell-specific K_offset: [CMCC]
e. Other option(s)?


As discussed in our company’s contribution [5], for UE-specific TA reporting, we prefer Option 5 (a new option), Option 4 and Option 3 for less signaling overhead, wherein, 
· Option 5: Difference between the last applied K_offset (e.g., cell-specific K_offset or UE-specific K_offset indicated by the network) and one new K_offset suggested by UE.
· A UE reports a delta value to the gNB, where, the delta value is equal to the difference between the last applied K_offset and one new K_offset suggested by UE. If the UE-specific K_offset has never been indicated, the last applied K_offset is equal to the cell-specific K_offset; otherwise, the last applied K_offset is equal to or the last indicated UE-specific K_offset.
· After receiving the UE reported delta value, gNB may update the UE-specific K_offset based on the reported the delta value, and indicate a new UE-specific K_offset to UE.
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset.
· Option 3: UE location.
Furthermore, the decision on UE-specific TA reporting achieved in NR NTN may be reused in IoT NTN with minimum changes, if any, when it is agreed.
Proposal 2: UE-specific TA reporting is supported with at least one of following information:
· Option 5: Difference between the last applied K_offset (e.g., cell-specific K_offset or UE-specific K_offset indicated by the network) and one new K_offset suggested by UE.
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset.
· Option 3: UE location.
Proposal 3: The decision on UE-specific TA reporting achieved in NR NTN may be reused in IoT NTN with minimum changes, if any, when it is agreed.
Conclusions
In this contribution, we share our views on related issues on timing relationship enhancements for IoT over NTN. The observations and proposals are summarised as follows:
Proposal 1: For UL scheduling for FDD-HD to avoid UL-DL collisions, cell/beam/UE-specific Koffset and UE-specific TA based solutions need further study, taking latency, signaling overhead, power consumption, and network efficiency into account.
Proposal 2: UE-specific TA reporting is supported with at least one of following information:
· Option 5: Difference between the last applied K_offset (e.g., cell-specific K_offset or UE-specific K_offset indicated by the network) and one new K_offset suggested by UE.
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset.
· Option 3: UE location.
Proposal 3: The decision on UE-specific TA reporting achieved in NR NTN may be reused in IoT NTN with minimum changes, if any, when it is agreed.
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