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1 Introduction

In RAN2#116e meeting, RACH and TA report in NTN were discussed, and the following agreements have been made.

Agreements:

1. Enhancements for RA type selection in NTN will not be pursued in Rel-17. FFS for BSR

Agreements via email - from offline 106:

1. Do not mandate Msg3/MsgA or Msg5 to include TA report MAC CE, and whether it can be included depends on the TB size of Msg3/MsgA or Msg5. No spec change is needed for this

2. Reserved LCID is used for the TA report MAC CE.

3. Postpone the discussion on the size of the TA report MAC CE until RAN2 concludes on the content of TA report.

4. RAN2 do not pursue any enhancements to allow inclusion of TA information without extending Msg3 size.

5. Logical channel priority of the TA report MAC CE should be lower than that of “C-RNTI MAC CE or data from UL-CCCH” and higher than that of “data from any Logical Channel, except data from UL-CCCH”.

Agreements via email - from offline 106 (second round):

1. Do not introduce additional enhancement on BSR over 2-step RACH in Rel-17.

Agreements online:

1. RAN2 further discuss the exact priority of the TA report MAC CE between “C-RNTI MAC CE or data from UL-CCCH” and “MAC CE for BSR, with exception of BSR included for padding

2. If the reported content of information about UE specific TA is TA pre-compensation value in connected mode, MAC CE is used to report

3. In case UE location information can be reported to network, dedicated signaling is used to configure UE to report the UE location and/or the UE specific TA information for the purpose of TA reporting in connected mode. FFS if both mechanisms are needed in parallel

In this contribution, we discuss left open issues on the following aspects:
· TA reporting
· UE-specific K_offset configuration
· UL synchronization maintenance and recovery due to NTN assistance information (i.e. Serving satellite ephemeris and Common TA) invalidity
· Handling of ra-ContentionResolutionTimer
2 Discussion

2.1 TA reporting
RAN2 has agreed that the content of UE specific TA pre-compensation reported using MAC CE is UE specific TA, and has also received RAN1 LS on TA reporting in [1]. The definition of UE’s TA is provided to RAN2 as below, and based on the LS, it is up to RAN2 to decide which component or what combination of the components in the UE’s TA formula to use in TA reporting.

	Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:
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Where:
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 is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command.
· FFS: details of NTA update/accumulation.
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  is UE self-estimated TA to pre-compensate for the service link delay.
· [image: image7.png]NTa common



 is network-controlled common TA, and may include any timing offset considered necessary by the network.
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 with value of 0 is supported.
· FFS:  details of signaling including granularity.
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 is a fixed offset used to calculate the timing advance.

Agreement:
The granularity of the reported TA is slot.

· FFS how to round TA value to slot level granularity




In RAN2#116e meeting, RAN2 discussed the content of TA reporting using MAC CE, but have not reached consensus. Based on the offline discussion, there are following candidate options.
· Option 1: Full TA (i.e., TTA as defined in the UE’s TA formula) 

· Option 2: UE’s service link TA (i.e., NTA, UE-specific as defined in the UE’s TA formula) 
· Option 3: The difference between the full TA that UE applies and the configured common TA (i.e., TTA - NTA, common) 

· Option 4: The difference between full TA and the cell-specific Koffset (i.e., [Cell-specific-Koffset * 10-3 –  TTA ] / [slot time] rounded down to closest integer)
In our view, reporting full TA is more simple and straightforward for network to configure UE-specific K-offset. For option 2, network needs to derive UE’s full TA based on the reported TA value together with the accumulated NTA and the common TA used by UE. And for option 3, network needs to derive UE’s full TA based on the reported TA value together with the common TA used by UE. Both options (i.e. option 2 and option 3) would be complex for NW implementation. Besides, since the common TA may change over time, the common TA used by network to derive UE’s full TA may differ from the actual common TA pre-compensated by the UE, which makes it even more difficult for network to derive UE’s full TA. The motivation of option 4 is to limit the size of TA report MAC CE within 1 byte to have minimum impact on the size increase of MsgA/Msg3. However, even we limit the size of TA report MAC CE to 1 byte, reporting TA via MsgA/Msg3 may also have impact on PUSCH coverage. As we have agreed before, including TA reporting MAC CE in MsgA/Msg3 is not mandatory, which depends on the TA reporting enabled/disabled configuration in SI and UL grant size for MsgA/Msg3. If network has concern on PUSCH coverage for MsgA/Msg3，it could configure TA reporting during RACH with disabled or it may allocate PUSCH resource for MsgA/Msg3 with a small UL grant size, which is up to network implementation. Based on above, we prefer option1.
Proposal 1 Include UE’s full TA (i.e. TTA) in TA Report MAC CE.
In RAN2#115e meeting, RAN2 has agreed to introduce event-triggered TA reporting for RRC connected UEs. More specifically, for a UE in RRC connected, a TA offset threshold is used for event-triggered TA reporting. If the difference between current UE specific TA and the last successfully reported UE specific TA exceeds the offset threshold, UE triggers a TA reporting.

For event triggered TA reporting, UE needs to evaluate the difference between the current UE’s TA and the last successfully reported UE’s TA to determine whether to trigger a TA reporting. A question is how UE triggers the first TA reporting if the UE has never reported TA before. We think a simple way is that UE triggers a TA reporting upon reception of configuration or reconfiguration of UE-specific TA reporting and if UE has not reported TA before.
Proposal 2 Upon receiving configuration or reconfiguration of UE-specific TA reporting, if the UE has not reported TA before, the UE triggers a TA reporting.

In RAN2#115-e meeting, following agreement has been made.
	1. UE specific TA reporting during RACH procedure is enabled/disabled by SI (FFS for RACH in connected mode)





In RAN2#116e meeting, RAN2 discussed whether TA reporting during RACH in connected mode should be controlled by the enable/disable indication configured in SI, but has no reached agreement. In our view, in connected mode, whether UE can report TA is up to the configuration of event, and the indication configured in SI should only be used to control RACH procedure that is not triggered in connected mode. In other words, whenever TA update event is triggered, it should be reported in any available UL resources.

Proposal 3 TA reporting during RACH in connected mode should not be controlled by the enable/disable indication configured in SI, but should depend on whether a TA update event is triggered.
In RAN2#116e meeting, RAN2 discussed the logical channel priority of TA report MAC CE and made the following agreements.
Agreements:

1. Logical channel priority of the TA report MAC CE should be lower than that of “C-RNTI MAC CE or data from UL-CCCH” and higher than that of “data from any Logical Channel, except data from UL-CCCH”.
2. RAN2 further discuss the exact priority of the TA report MAC CE between “C-RNTI MAC CE or data from UL-CCCH” and “MAC CE for BSR, with exception of BSR included for padding.
In our view, LBT failure MAC CE is essential for the subsequent data transmission and should have higher priority. TA report MAC CE is used for network to configure UE-specfic K_offset, so it would also affect UL transmission but not as essential as LBT failure MAC CE. The priority of TA report MAC CE should be lower than LBT failure MAC CE and higher than BSR MAC CE.

Proposal 4 Logical channel priority of the TA report MAC CE is lower than LBT failure MAC CE and higher than MAC CE for SL-BSR prioritized. 
For TA reporting using MAC CE, if a UE has triggered TA reporting, but there is no available UL-SCH resources for a new transmission, or if the UL-SCH resources cannot accommodate the TA report MAC CE plus its subheader as a result of LCP, the UE cannot report TA. 

The motivation of TA reporting is to assist network to configure the UE with a proper UE-specific K_offset. For example, if the UE specific TA has increased very close to the configured K_offset value, the UE needs to inform network so that network can re-configure the UE-specific K_offset with a larger value. If the UE cannot report TA, it may lead to UL scheduling failure in case the UE-specific TA exceeds the UE-specific K_offset. Note that for a UE who triggers BFR for an SCell, if there is no UL-SCH resources to accommodate BFR MAC CE, the UE will trigger SR. In our view, the same procedure should also be applied for TA reporting using MAC CE.

Observation 1 If a UE triggers TA reporting but cannot report TA due to no available UL-SCH resources, it may lead to UL scheduling failure in case the UE-specific TA exceeds the UE-specific K_offset.
Proposal 5 SR can be triggered if TA reporting has been triggered but there is no available UL-SCH resources, or if the UL-SCH resources cannot accommodate the TA report MAC CE plus its subheader as a result of LCP.
Since SR can be used for different cases, including BSR for logical channel(s), SCell beam failure recovery, consistent LBT failure recovery, Pre-emptive BSR. According to the MAC spec, except Pre-emptive BSR, each logical channel, SCell beam failure recovery, and consistent LBT failure recovery may be mapped to zero or one SR configuration, which is configured by RRC, e.g. schedulingRequestID-BFR-SCell-r16 and schedulingRequestID-LBT-SCell-r16 for SCell beam failure recovery and consistent LBT failure recovery respectively. In order to enable network to identity SR triggered by TA reporting and allocate UL radio resources for TA reporting, we can also consider mapping TA reporting to one SR configuration in the similar way, and a new parameter, e.g. schedulingRequestID-TA-Report-r17 can be introduced in RRC configuration. If no SR configuration is configured for TA reporting, then UE should trigger random access procedure.

Proposal 6 TA report MAC CE can be mapped to one SR configuration, which is configured by RRC using a new parameter, e.g. schedulingRequestID-TA-Report-r17.
In RAN2#115-e meeting, the following agreements have been made.
Agreements via email - from offline 106 third round:

1. Under the work assumption "the UE location information cannot be reported in connected mode", the content of UE specific TA reported in connected mode is UE specific TA pre-compensation(for the details of the TA value, confirmation from RAN1 is needed).

2. If the reported content of information about UE specific TA is UE location information in connected mode, RRC signalling is used to report.

Agreements online:

1. Under the work assumption "the UE location information can be reported in connected mode", for TA reporting purposes in connected mode, the network can configure the UE to send either the UE specific TA pre-compensation (for the details of the TA value, confirmation from RAN1 is needed) or the UE location information

Working Assumption:

1. If the reported content of information about UE specific TA is TA pre-compensation value in connected mode, MAC CE is used to report

Before we discuss more details about UE location information reporting in RRC connected mode for TA reporting purpose, we should first confirm whether to support UE location information as the content of TA reporting in RRC connected mode. 
In RAN2#115e meeting, RAN2 has made following agreements for UE location report, and sent a LS to ask SA3 to decide whether NTN specific user consent is required before the gNB can configure UE to report the UE location information.
Agreements:

1. After AS security is established, gNB can obtain a GNSS-based location information from the UE using existing signalling method, i.e., by configuring includeCommonLocationInfo in the corresponding reportConfig. It is up to SA3 to decide whether User Consent is required before NW acquires location information from the UE in NTN.

2. If accepted by SA3, if the gNB has user consent to obtain UE location in NTN, reporting of finer location information/full GNSS coordinates in RRC_CONNECTED can be supported after AS security is enabled

After RAN2#116e meeting, we have received SA3 reply LS in [2], in which it is stated that NTN specific user consent may be needed before gNB can configure the UE to report the UE location information. Although SA3 has not studied how this user consent handling can be used for the NTN use case, from RAN2’s perspective, if the gNB has NTN specific user consent to obtain UE location, UE location information reporting in RRC_CONNECTED can be supported after AS security is enabled.

Observation 2 SA3 has confirmed that NTN specific user consent may be needed before gNB can configure the UE to report the UE location information

Proposal 7 If the gNB has NTN specific user consent to obtain UE location, the UE location information can be reported for TA reporting purposes in connected mode
If proposal 6 is agreed, the next issue is that if the content of TA reporting is UE location information, how to trigger UE location information reporting. For simplicity, we prefer to reuse the same event for UE specific TA reporting..
Proposal 8 If the content of TA reporting is UE location information, reuse the TA-based trigger condition, i.e. when TA change between current UE-estimated TA and the last successfully reported TA (corresponding to the last successfully reported UE location) is larger than the network configured threshold.

2.2 UE-specific K_offset configuration
In the last RAN1 meetings, RAN1 discussed how to configure UE-specific K_offset, and has reached the following agreements.

RAN1#106e:

	Agreement: 

· The UE-specific K_offset can be provided and updated by network with MAC CE.


RAN1#107e:

	Agreement

For determining UE specific K_offset 

· Option 2: MAC CE provides a differential UE specific K_offset value. The full UE specific K_offset value equals the cell specific K_offset value minus the differential UE specific K_offset value.

· FFS: whether/how to resolve ambiguity of which cell-specific K_offset value to use during the SIB modification period

Agreement
The value range of the differential UE specific K_offset provided in MAC CE is 0 – 63 ms.


Based on the agreements above, MAC CE is used for UE-specific K_offset configuration. It should be RAN2 to design the new K_offset MAC CE. Since RAN1 has agreed that the value range of the differential UE specific K_offset provided in MAC CE is 0 – 63 ms, with the assumption of 1ms step size, 6 bits are needed for the UE specific K_offset configuration. So the size of new K_offset MAC CE can be fixed to 1 byte。
Proposal 9 The size of K_offset MAC CE is fixed to 1 byte.
2.3 UL synchronization maintenance and recovery 
In previous RAN1 meetings, RAN1 discussed validity time for NTN assistance information (i.e. serving satellite ephemeris data or common TA parameters), and made the following agreements.
RAN1#106 e-meeting:

	Agreement:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.

· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.

· FFS: Whether the same validity duration can be applied for Common TA.
Agreement:
Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.

· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network



RAN1#106bis e-meeting：
	Agreement:
Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.

· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network

· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.

Agreement:
The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.

· FFS: details on how to acquire new or additional assistance information

Agreement:
NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)

Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA related parameters are signaled in the same SIB message. 


RAN1#107 e-meeting:

	Agreement

The serving satellite ephemeris and common TA related parameters are signalled in the same SIB message and have the same epoch time.

Agreement

A single validity duration for both serving satellite ephemeris and common TA related parameters is broadcast on the SIB.

Agreement

NTN validity duration is configured per cell and indicated to the UE in X bits with:

· Value range { 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240, Infinity}

· Unit is second

· FFS (to be resolved in current meeting): Additional values for GEO
Agreement
· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 

· Otherwise, when indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.

Agreement
The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point.


According to RAN1 agreements, an epoch time together with a validity timer for NTN assistance information are introduced, where the validity timer indicates the maximum time during which the UE can apply the satellite ephemeris and common TA for TA pre-compensation without re-acquiring new NTN assistance information. UE starts or restarts the validity timer at the epoch time of the NTN assistance information, and the UE assumes that it has lost uplink synchronization if the validity timer expires. The details on how to re-acquire NTN assistance information is still FFS.

As stated in another our contribution [3], both serving satellite ephemeris data and common TA parameters may change over time, and thus it is proposed that the update of NTN assistance information does not trigger system information change notification. For a UE in RRC connected mode, in order to avoid the NTN assistance information used by the UE being out of date, the UE needs to acquire SIBs to update NTN assistance information before the validity timer expires, if the UE is configured with common search space includingsearchSpaceSIB1 and searchSpaceOtherSystemInformation on the active BWP. The exact time for UE to re-acquire new NTN assistance information could be up to UE implementation.
Proposal 10 UE may re-acquire new NTN assistance information before the validity timer expires, if the UE is provided with common search space including searchSpaceSIB1 and searchSpaceOtherSystemInformation on the active BWP. The exact time for the UE to re-acquire new NTN assistance information is up to UE implementation.

Based on RAN1 agreements, the UE assumes that it has lost uplink synchronization if new NTN assistance information is not available within the associated validity duration. Similar to the legacy UL out of synchronization caused by the expiry of TAT, UL out of synchronization caused by the expiry of validity timer leads to the infeasible UL transmission. Therefore, upon expiry of the validity timer, the UE should flush all HARQ buffers and release all resource configuration including PUCCH, SRS, CG, SPS, etc. In order to recover UL synchronization, the UE needs to firstly acquire the serving satellite ephemeris data and common TA parameters from SIB, and then trigger a RACH. If the UE is not configured with searchSpaceSIB1 or searchSpaceOtherSystemInformation on the active BWP, the UE should switch to initialDownlinkBWP to acquire the serving satellite ephemeris data and common TA parameters.
Proposal 11 Upon expiry of the validity timer, the UE should flush all HARQ buffers and release all resource configuration including PUCCH, SRS, CG, SPS, etc.

Proposal 12 Upon expiry of the validity timer, UE needs to firstly acquire the serving satellite ephemeris data and common TA parameters from SIB, and then trigger a RACH to recover UL synchronization.

Proposal 13 If the UE is not configured with searchSpaceSIB1 or searchSpaceOtherSystemInformation on the active BWP, the UE should switch to initialDownlinkBWP to acquire the serving satellite ephemeris data and common TA parameters.
2.4 Handling of ra-ContentionResolutionTimer
In RAN2#111-e and RAN2#115-e meeting, following agreements have been made regarding ra-ContentionResolutionTimer.

	RAN2#111-e agreement:
An offset to the start of the ra-ContentionResolutionTimer is introduced for both LEO and GEO scenarios.

RAN2#115-e agreement:

In the MAC specification section 5.1.5, delay the start of ra-ContentionResolutionTimer by the UE-gNB RTT (i.e. sum of UE’s TA and K_mac).


Based on the agreements and current MAC spec running CR, after each Msg3 retransmission, ra-ContentionResolutionTimer would be restarted after the end of Msg3 retransmission plus UE-gNB RTT. Therefore, ra-ContentionResolutionTimer may expire before it is restarted, which would lead to the issue that the UE considers contention resolution as not successful, even if Msg4 would arrive later.

This issue was raised and discussed offline in RAN2#116e meeting, and the following proposal was given to solve the issue. 
	Proposal: the UE should stop ra-ContentionResolutionTimer once receiving PDCCH which schedules Msg3 retransmission and then start ra-ContentionResolutionTimer after the end of the Msg3 retransmission plus UE-gNB RTT.


During the offline discussion, most companies agreed to this proposal but one company disagreed and would like to further discuss it. The main concern of the opponent is that blind scheduling of Msg3 retransmissions would not be possible if ra-ContentionResolutionTimer is stopped after UE receiving PDCCH which schedules Msg3 retransmission and therefore they think this proposal would limit the scheduling flexibility for network. In our understanding, RAN2 has agreed to delay the start of ra-ContentionResolutionTimer by the UE-gNB RTT, during this UE-gNB RTT, UE is not required to monitor PDCCH, which means blind scheduling of Msg3 retransmissions is not expected from UE. This logic should apply for both the first Msg3 retransmissions and the subsequent Msg3 retransmissions, otherwise (i.e. if blind scheduling for subsequent Msg3 retransmissions is expected), UE should restart ra-ContentionResolutionTimer immediately after each Msg3 retransmission rather than waiting for a UE-gNB RTT. With the proposal above, not only unexpected expiry of ra-ContentionResolutionTimer could be avoided, but also it would be beneficial for UE power saving.
Proposal 14 The UE stops ra-ContentionResolutionTimer once receiving PDCCH which schedules Msg3 retransmission and then starts ra-ContentionResolutionTimer after the end of the Msg3 retransmission plus UE-gNB RTT.
3 Conclusion

Based on the discussion above, we propose the following:

Proposal 15 Include UE’s full TA (i.e. TTA) in TA Report MAC CE.

Proposal 16 Upon receiving configuration or reconfiguration of UE-specific TA reporting, if the UE has not reported TA before, the UE triggers a TA reporting.

Proposal 17 TA reporting during RACH in connected mode should not be controlled by the enable/disable indication configured in SI, but should depend on whether a TA update event is triggered.
Proposal 18 Logical channel priority of the TA report MAC CE is lower than LBT failure MAC CE and higher than MAC CE for SL-BSR prioritized. 
Proposal 19 SR can be triggered if TA reporting has been triggered but there is no available UL-SCH resources, or if the UL-SCH resources cannot accommodate the TA report MAC CE plus its subheader as a result of LCP.
Proposal 20 TA report MAC CE can be mapped to one SR configuration, which is configured by RRC using a new parameter, e.g. schedulingRequestID-TA-Report-r17.
Proposal 21 If the gNB has NTN specific user consent to obtain UE location, the UE location information can be reported for TA reporting purposes in connected mode
Proposal 22 If the content of TA reporting is UE location information, reuse the TA-based trigger condition, i.e. when TA change between current UE-estimated TA and the last successfully reported TA (corresponding to the last successfully reported UE location) is larger than the network configured threshold.

Proposal 23 The size of K_offset MAC CE is fixed to 1 byte.
Proposal 24 UE may re-acquire new NTN assistance information before the validity timer expires, if the UE is provided with common search space including searchSpaceSIB1 and searchSpaceOtherSystemInformation on the active BWP. The exact time for the UE to re-acquire new NTN assistance information is up to UE implementation.

Proposal 25 Upon expiry of the validity timer, the UE should flush all HARQ buffers and release all resource configuration including PUCCH, SRS, CG, SPS, etc.

Proposal 26 Upon expiry of the validity timer, UE needs to firstly acquire the serving satellite ephemeris data and common TA parameters from SIB, and then trigger a RACH to recover UL synchronization.

Proposal 27 If the UE is not configured with searchSpaceSIB1 or searchSpaceOtherSystemInformation on the active BWP, the UE should switch to initialDownlinkBWP to acquire the serving satellite ephemeris data and common TA parameters.
Proposal 28 The UE stops ra-ContentionResolutionTimer once receiving PDCCH which schedules Msg3 retransmission and then starts ra-ContentionResolutionTimer after the end of the Msg3 retransmission plus UE-gNB RTT.
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