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Introduction
At the RAN#92 meeting, a new Work Item was approved for IoT Non Terrestrial Network (NTN) [1]. This TDoc addresses aspects of timing relationships for IoT NTN.
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Need and role for UE-specific TA
The need and role for UE-specific TA was discussed in IoT NTN Work Item in Section 7.1 in FL summary in [3]. In RAN1#106-e, the following FL proposal was made:
The following options represent quantities that can be considered for signalling to set and update the UE-specific TA (only some may be supported)
· Option 1: UE-specific NTA,UE-specific  
· Option 2: UE-specific full TA applicable to UL transmission
· Option 3: UE location 
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset 
· 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 6: Differential indication
· Option 7: Reporting of a stationarity indication + Option 1 or Option 2
· FFS whether to down select including combining options

Option 1: UE-specific NTA,UE-specific  ,  Option 2: UE-specific full TA applicable to UL transmission, and Option 4: Difference between UE-specific K_offset and cell-specific K_offset can all be used for reporting essentially the same thing. The difference is the signalling overhead and when these can be reported. 
It was agreed for NR NTN that the granularity of  K_offset can be a number of slots. It was further discussed whether the UE-specific K_offset should the partial K_offset over the service link (i.e. Option 1), the full K_offset over the service link and feeder link (i.e. Option 2), or the differential K_offset computed as the difference between the cell-specific K_offset and the UE-specific offset (i.e. Option 4). The determination of the value of the K_offset options are similar for NR NTN or IoT NTN, and these can be found in our sister contribution in AI 8.4.1. We repeat the proposal and observation below:  
Observation 1: The UE-specific differential K_offset has lower overhead that the UE-specific K_offset with low overhead and low frequency of  update: 
· UE-specific differential K_offset with granularity of 2 slots scaled by a factor 2µ has an overhead of 3 bits for LEO@600 km and 4 bits for LEO@1200 km, and 3 bits for GEO@35786 km.
· UE-specific differential K_offset with granularity of 3 slots scaled by a factor 2µ has an overhead of 2 bits for GEO@35786 km.
· The maximum UE-specific differential K_offset total overhead within a maximum LEO satellite coverage time of 2 minutes is 16 bits.
· For LEO@600 km and LEO@1200 km, the K_offset can be updated at most once per 22 seconds and once per 33 seconds respectively.
· For GEO, it may not be necessary to update the K_offset as it only needs to be updated at most every 391 seconds. The overhead is not significant. 

Proposal 1: The UE-specific differential K_offset determined as the difference between the cell-specific K_offset and the UE-specific K_offset is indicated by MAC CE.

	Scenario
	K_offset update & Granularity
	Full K_offset 
	Differential K_offset

	GEO@35786 km
	Maximum RTD=540 ms
Maximum differential RTD=32 ms 
K_offset update: once per 391 s 
K_offset granularity: 2 slot (2 ms) 
	10 bits
	2 bits

	LEO@1200 km
	Maximum RTD=41.6 ms
Maximum differential RTD=12.9 ms 
K_offset update: once per 33 s 
K_offset granularity: 3 slots (3 ms) 
	6 bits
	3 bits

	LEO@600 km
	Maximum RTD=25.6 ms
Maximum differential RTD=8.9 ms 
K_offset update: once per 22 s 
K_offset granularity: 2 slots (2 ms) 
	5 bits
	3 bits


Table 1: K_offset update, granularity, and overhead

Observation 2: For initial access, the UE-specific full TA seems a good choice since the UE anyway calculate the UE-eNB RTT to delay start of RAR window. The UE-specific full TA is effectively the UE-eNB RTT. This ensures UE and eNB have same understanding on the feeder link part of the full TA.
Proposal 2: For initial access, the UE-specific full TA is reported by MAC CE.
Observation 3: The granularity and frequency of UE-specific differential TA report is of same order than that for the UE-specific differential K_offset update – i.e.
· UE-specific differential TA report with granularity of 2 slots scaled by a factor 2µ has an overhead of 3 bits for LEO@600 km and 4 bits for LEO@1200 km, and 3 bits for GEO@35786 km.
· UE-specific differential TA report with granularity of 3 slots scaled by a factor 2µ has an overhead of 2 bits for GEO@35786 km.
· The maximum UE-specific differential TA report total overhead within a maximum LEO satellite coverage time of 2 minutes is 16 bits.
· For LEO@600 km and LEO@1200 km, the UE TA report can be updated at most once per 22 seconds and once per 33 seconds respectively.
· For GEO, it may not be necessary to update the TA report as it only needs to be updated at most every 391 seconds. The overhead is not significant. 
Proposal 3: The UE-specific differential TA determined as the difference between the cell-specific TA and the UE-specific TA is reported by UE on MAC CE.

Option 3 of UE location report with truncated position co-ordinates X, Y, Z with granularity of 2 km, a grid 2 km x 2 km x 2 km, and a beam diameter of 1700 km at low elevations, would require about 10 bits for X co-ordinate, 10 bits for Y co-ordinates, and 3 bits for Z co-ordinated. Assuming further that the UE is not moving, a single location report of 23 bits could be sufficient.
Observation 4: Report of UE-specific location with 23 bits is comparable to the total UE-specific differential TA overhead of 16 bits within time the UE is in coverage of satellite of up to 2 minutes. 
Observation 5: Because of low update rate of UE-specific TA report, there seems to be no significant gain in signalling overhead if UE location report is used. The complexity and security issues associated with reporting, processing, and latency of UE location in the core network also need to be taken into account.
Option 5 seems similar to Option 4 assuming that the UE-specific K_offset is derived from the UE-specific TA report.
Option 6 on differential indication needs clarification as it is not clear what its meaning is.
Option 7 seems a sub-case of option 2 or Option 3 where the network knows that the UE is stationary. Since the satellite is moving, the UE-specific TA report can be transmitted by UE to help the eNB update the K_offset. In Rel-15 NB-IoT specified UE differentiation feature in TS 36.413. The stationary indication is provided by the NB-IoT module vendor in Subscription Based UE Differentiation Information and is stored in UE context. This information is included in INITIAL CONTEXT SETUP REQUEST message, CONNECTION ESTABLISHMENT INDICATION message , UE INFORMATION TRANSFER message , HANDOVER REQUEST message, RETRIEVE UE CONTEXT RESPONSE message, and so on. There is no impact on UE since these messages are not exchanged over the Uu interface – i.e. no dedicated signalling. These are S1/X2 messages specified in TS 36.413. This implies the network knows the UE is stationary, but the UE does not know it is stationary.
Proposal 4: NB-IoT NTN can re-use Rel-15 UE differentiation feature for indication of stationarity. 

Conclusion
In this contribution, we summarize issues and discuss impact on specifications for solutions for IoT timing relationships. 
Need and role for UE-specific TA:
Proposal 1: The UE-specific differential K_offset determined as the difference between the cell-specific K_offset and the UE-specific K_offset is indicated by MAC CE.
Observation 2: For initial access, the UE-specific full TA seems a good choice since the UE anyway calculate the UE-eNB RTT to delay start of RAR window. The UE-specific full TA is effectively the UE-eNB RTT. This ensures UE and eNB have same understanding on the feeder link part of the full TA.
Proposal 2: For initial access, the UE-specific full TA is reported by MAC CE.
Observation 3: The granularity and frequency of UE-specific differential TA report is of same order than that for the UE-specific differential K_offset update – i.e.
· UE-specific differential TA report with granularity of 2 slots scaled by a factor 2µ has an overhead of 3 bits for LEO@600 km and 4 bits for LEO@1200 km, and 3 bits for GEO@35786 km.
· UE-specific differential TA report with granularity of 3 slots scaled by a factor 2µ has an overhead of 2 bits for GEO@35786 km.
· The maximum UE-specific differential TA report total overhead within a maximum LEO satellite coverage time of 2 minutes is 16 bits.
· For LEO@600 km and LEO@1200 km, the UE TA report can be updated at most once per 22 seconds and once per 33 seconds respectively.
· For GEO, it may not be necessary to update the TA report as it only needs to be updated at most every 391 seconds. The overhead is not significant. 
Proposal 3: The UE-specific differential TA determined as the difference between the cell-specific TA and the UE-specific TA is reported by UE on MAC CE.
Observation 4: Report of UE-specific location with 23 bits is comparable to the total UE-specific differential TA overhead of 16 bits within time the UE is in coverage of satellite of up to 2 minutes. 
Observation 5: Because of low update rate of UE-specific TA report, there seems to be no significant gain in signalling overhead if UE location report is used. The complexity and security issues associated with reporting, processing, and latency of UE location in the core network also need to be taken into account.
Proposal 4: NB-IoT NTN can re-use Rel-15 UE differentiation feature for indication of stationarity. 
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