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Introduction
A RAN2-led Rel-17 Working Item on Solutions for NR to support non-terrestrial networks (NTN) was revised in RAN Plenary #88e [1]. The study item phase has identified issues and made recommendations on NR timing relationships in a TP to 38.811 agreed in RAN1#99 [2]. In this contribution, we make observations and proposals to address issues discussed in RAN1#106e and summarized in FL summary  for NTN timing relationships [3].
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K_offset update 
This section addresses Issue #1 and issue #2 in FL summary in [3]. RAN1#016-e made agreement:
Agreement: 
· The UE-specific K_offset can be provided and updated by network with MAC CE.
· FFS: UE can be provided and updated by network with a UE-specific K_offset in RRC reconfiguration
· FFS: Details on whether and how the two solutions work together
Agreement:
The unit of K_offset is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.
Moderator made the following recommendations in RAN1#105-e
· Proponents are encouraged to further justify the necessity of the RRC reconfiguration method for updating UE-specific K_offset at the next RAN1 meeting.
The purpose of the UE specific TA pre-compensation report is for the UL scheduling operations with K_offset. The granularity of  K_offset can be a number of slots. The one-way delay drift over the service are 0.93 us/s, 21 us/s and 24 us/s for GEO@35786 km, LEO@1200 km, and LEO@600 km respectively. Table 1 shows the K_offset update, granularity, and overhead. More details on the calculations can be found in the ANNEX.












	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

The maximum number of K_offset updates will be for LEO=600 km with low elevation angle of 10 degrees on the service link and feeder link assuming a maximum LEO satellite coverage time in the order of 2 minutes as shown in [4]. This will give a total overhead of about 27 bits for full K_offset and 16 bits for differential K_offset with one K_offset update per 22.1 s and a K_offset granularity of 2 slots (1 ms) assuming numerology µ=0. For higher numerologies, it is preferable that the granularity of update of K_offset is a larger number of slots. This seems reasonable way as there is no need to update K_offset with a smaller slot for higher numerology. Hence, the number of slots could be scaled by a factor 2µ.
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.

Since the K_offset does not need to be updated frequently, it seems reasonable to use RRC signalling. However, since RAN1 agree that MAC CE can be used to update the K_offset, the need for it is questionable and required specification effort should be justified. 
Observation 2: Since UE-specific K_offset can be provided and updated by network with MAC CE, it seems not needed to also support update of K_offset via RRC reconfiguration.

K_offset value determination
This section addresses Issue #2 in FL summary in [3]. RAN1#106-e made agreement:
Agreement:
The unit of K_offset is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.
Agreement:
For defining value range(s) of K_offset, down-select one option from below:
· Option 1: One value range of K_offset covering all scenarios.
· Option 2: Different value ranges of K_offset for different scenarios.

Moderator made recommendation:
· It is recommended that companies check each other’s comments, analyze the implications of coupling K_offset with common TA, and bring more inputs to the next RAN1 meeting.

Coupling K_offset with common TA would suggest that the K_offset is updated frequently. With full optimization, the K_offset will be updated to compensate the delay drift over the feeder link at least once every second. This seems contrary to the RAN1#106-e agreement that the unit of K_offset is number of slots for a given subcarrier spacing which would require much less frequent update of K_offset.
Observation 3: Coupling the K_offset with common TA for UL scheduling would require update of K_offset at least once every second with significant increase in signalling overhead.
Since the unit of K_offset is number of slots for a given subcarrier spacing, different numerologies can be supported. It can be up to the network to schedule SSBs with a given numerology and also schedule data on DL or UL with a given numerology. This may depend on the satellite constellation LEO or GEO, the size and number of beamspots per satellite, and so on. The flexibility of NR air interface should be retained as much as possible. It can be up to the network configuration. Hence, the network could configure different value ranges of K_offset for different scenarios to improve signalling efficiency.
Observation 4: The unit of K_offset is number of slots for a given subcarrier spacing, where the K_offset if configured for one subcarrier spacing value or different subcarrier spacing values may allow more efficient signalling for different scenarios.
Observation 5: It can be up to the network to configure different value ranges of K_offset for different scenarios to improve signalling efficiency.

UE reporting of UE specific TA pre-compensation
This section addresses Issue #14 in FL summary in [3]. RAN1#106-e made agreement
Agreement: 
· The UE-specific K_offset can be provided and updated by network with MAC CE.
· FFS: UE can be provided and updated by network with a UE-specific K_offset in RRC reconfiguration
· FFS: Details on whether and how the two solutions work together

In RAN1#106-e, the moderator made the recommendations: made agreement:
It is recommended that companies provide further input at the next RAN1 meeting to make progress by:
· Reviewing holistically the related RAN2 agreements to have a good understanding of the big picture
· Minimizing repetition of discussions that happened in RAN2 already
· Focusing on RAN1 aspects such as frequency of the reports, granularity of the reported content, partial/full/differential TA, latency and complexity at gNB and UE, etc.
· Reviewing considerately other companies’ comments
· Providing constructive proposals on how to move forward as a group instead of insisting on each company’s own favorite option(s).

RAN2#115-e agreements on UE-specific TA report in NR NTN:
· The content of UE specific TA pre-compensation reported in RA procedure using MAC CE is UE specific TA (this can be revisited after receiving RAN1 response).
· Reporting on the information about UE specific pre-compensation in connected mode is supported, FFS via RRC signalling or MAC CE
· Event-triggers for reporting on the information about UE specific TA in connected mode is supported. FFS on the details. Confirmation by RAN1 is also needed
· If configured, the UE shall report information of the UE specific TA pre-compensation to the target cell during the random access. FFS if a new indication in RRC reconfiguration with sync is needed or not (besides the SIB indication carried in HO command on whether TA report is enabled/disabled in the target cell).
· Information about UE specific TA pre-compensation is not reported in RA procedures triggered due to “Request for Other SI”
· The event-triggers for reporting information about UE specific TA are based on TA values (confirmation from RAN1 is needed)
· A TA offset threshold can be used for event-triggered reporting, at least the offset threshold can be between current information about UE specific TA and the last successfully reported information about UE specific TA
· The event-triggers for reporting information about UE specific TA based on time threshold is not supported in NTN.
· No new indication in RRC reconfiguration with sync is needed to configure the UE to report information about UE specific TA in handover procedure (besides the SIB indication carried in HO command on whether TA report is enabled/disabled in the target cell).

Based on the RAN2 agreements and moderator recommendation, this issue of UE TA report is highly dependent on the discussions on update of K_offset. It is clear from RAN2 agreement that the purpose of the UE TA report is linked to the UE-specific TA, since RAN2 agreed
· The content of UE specific TA pre-compensation reported in RA procedure using MAC CE is UE specific TA (this can be revisited after receiving RAN1 response).
· Reporting on the information about UE specific pre-compensation in connected mode is supported, FFS via RRC signalling or MAC CE
The purpose of the UE specific TA pre-compensation report is for the UL scheduling operations with K_offset. It seems reasonable to assume a similar granularity and frequency of UE-specific TA report than that needed for the K_offset update as was discussed previously. For higher numerologies, it is preferable that the granularity of TA reports is a larger number of slots. This seems reasonable way as there is no need to update TA with a smaller slot for higher numerology. Hence, the number of slots could be scaled by a factor 2µ. 
Observation 6: 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 7: 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.

If RAN1 do not revisit the RAN2 agreements related to the UE specific TA pre-compensation report, then it is fine. The RAN2 agreements would be the default. Since RAN1#106-e made agreement that the UE-specific K_offset can be provided and updated by network with MAC CE, it seems logical that the UE-specific TA report is also reported via MAC CE
Proposal 4: The content of UE specific TA pre-compensation reported in RA procedure using MAC CE is UE specific TA 
Proposal 5: Reporting on the information about UE specific pre-compensation in connected mode via MAC CE is supported.
Proposal 6: The unit of UE-specific TA report is number of slots for a given subcarrier spacing.
Proposal 7: The event-triggers for reporting information about UE specific TA are based on TA values.
 
MAC CE timing relationships
This section addresses Issue #5 in FL summary in [3]. RAN1#106e made the following agreement:
Agreement:
The information of K_mac is carried in system information.
Agreement:
The unit of K_mac is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.

A good summary on K_mac is provided by RAN1 rapporteur in 
K_mac is a scheduling offset provided by network if downlink and uplink frame timing are not aligned at gNB. It is needed for UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH.
· If a UE is provided with a K_mac value, when the UE would transmit a PUCCH with HARQ-ACK information in uplink slot n corresponding to a PDSCH carrying a MAC CE command on a downlink configuration, the UE action and assumption on the downlink configuration shall be applied starting from the first slot that is after slot n+〖3N〗_slot^(subframe,µ)+K_mac, where µ is the SCS configuration for the PUCCH.
When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
The K_mac put simply is a parameter used for MAC CE relationships, similarly to the K_offset which is a parameter used for UL scheduling. The arguments used for the K_offset with one subcarrier spacing value or different subcarrier spacing values for different scenarios seem to be valid for K_mac. Hence, we make similar observation
Observation 8: The unit of K_mac is number of slots for a given subcarrier spacing, where the K_mac if configured for one subcarrier spacing value or different subcarrier spacing values may allow more efficient signalling for different scenarios.

Conclusion
In this contribution, we summarize issues and discuss impact on specifications for solutions for NR timing relationships. 
K_offset update:
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.
Observation 2: Since UE-specific K_offset can be provided and updated by network with MAC CE, it seems not needed to also support update of K_offset via RRC reconfiguration.
K_offset value determination:
Observation 3: Coupling the K_offset with common TA for UL scheduling would require update of K_offset at least once every second with significant increase in signalling overhead.
Observation 4: The unit of K_offset is number of slots for a given subcarrier spacing, where the K_offset if configured for one subcarrier spacing value or different subcarrier spacing values may allow more efficient signalling for different scenarios.
Observation 5: It can be up to the network to configure different value ranges of K_offset for different scenarios to improve signalling efficiency.
UE reporting of information about the UE-specific TApre-compensation:
Observation 6: 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 7: 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. 
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Proposal 4: The content of UE specific TA pre-compensation reported in RA procedure using MAC CE is UE specific TA 
Proposal 5: Reporting on the information about UE specific pre-compensation in connected mode via MAC CE is supported.
Proposal 6: The unit of UE-specific TA report is number of slots for a given subcarrier spacing.
Proposal 7: The event-triggers for reporting information about UE specific TA are based on TA values.

MAC CE Timing RelationshipsK_offset usage:
Observation 8: The unit of K_mac is number of slots for a given subcarrier spacing, where the K_mac if configured for one subcarrier spacing value or different subcarrier spacing values may allow more efficient signalling for different scenarios.

ANNEX
Calculations for K_offset update, granularity, and overhead
GEO@35786 km: 
Satellite velocity V=3.07 km/s 
Max Doppler shift = 0.93 ppm
RTD=270 ms + 270 ms = 540 ms
Differential RTD=32 ms
UE-specific  K_offset derived from full TA with 10 bits:   540 ms / 1024 = 0.52 ms or 78 km (=0.52 ms * c /2)
UE-specific  K_offset derived from differential TA with 2 bits:   32 ms / 4 = 8 ms or 1200 km (= 8 ms * c /2)
K_offset update: once per 390.9 s = 1200 km / 3.07 km/s
Delay drift during K_offset update period: 1.45 ms = 390.9 s * 4 * 0.93 µs/s
Granularity of K_offset: 2 slot (2 ms) 

LEO@1200 km: 
Satellite velocity V=7.25 km/s 
Max Doppler shift = 21 ppm
RTD=20.8 ms + 20.8 ms = 41.6 ms
Differential RTD=12.9 ms
UE-specific  K_offset derived from full TA with 6 bits:   41.6 ms / 64 = 0.65 ms or 97.5 km (=0.65 * c /2)
UE-specific  K_offset derived from differential TA with 3 bits:   12.9 ms / 8 = 1.6 ms or 242 km (= 1.6 * c /2)
K_offset update: once per 33.4 s = 242 km / 7.25 km/s
Delay drift during K_offset update period: 2.8 ms = 33.4 s * 4 * 21 µs/s
Granularity of K_offset: 3 slots (3 ms) 


LEO@600 km: 
Satellite velocity V=7.55 km/s 
Max Doppler shift = 24 ppm
RTD=12.8 ms + 12.8 ms = 25.6 ms
Differential RTD=8.9 ms
UE-specific  K_offset derived from full TA with 5 bits:   25.6 ms / 32 = 0.8 ms or 120 km (=0.8 * c /2)
UE-specific  K_offset derived from differential TA with 3 bits:   8.9 ms / 8 = 1.1 ms or 167 km (= 1.1 * c /2)
Differential K_offset update: once per 22.1 s = 167 km / 7.55 km/s
Delay drift during differential K_offset update period: 2.1 ms = 22.1 s * 4 * 24 µs/s
Granularity of differential K_offset: 2 slots (2 ms) 
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