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In RAN2#116e meeting [1], some agreements for UE specific TA reporting have been reached as below:
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 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
Based on the progress in earlier meetings and the summary of [AT116-e][106][NTN] [2], this contribution discusses the remaining issues on UE specific TA reporting for Rel-17 NR NTN.
Discussion
Details of TA reporting MAC CE
Based on the issues listed in [2] and the agreements for UE specific TA reporting, there were some stage-3 details that remain open on TA reporting MAC CE design. We list them as follows:
· Issue 1: Content of UE specific TA reporting: Full TA or UE’s service link TA;
· Issue 2: The size of TA reporting MAC CE;
· Issue 3: The exact priority of the TA report MAC CE.
These issues are addressed one by one in the rest of this section.
· Issue 1: Content of UE specific TA reporting: Full TA or UE’s service link TA
According to the LS on TA reporting from RAN1 [3] below, 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. Furthermore, during the email discussion [2] in RAN2#116e meeting, RAN2 has down-selected two options regarding the content of TA reporting during RACH, i.e., full TA or UE’s service link TA.
	RAN1 definition of UE’s TA is given by the following agreement:
Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·  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.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported.
· FFS:  details of signaling including granularity.
·  is a fixed offset used to calculate the timing advance.

In addition, RAN1 has agreed the following for UE TA reporting:
Agreement:
The granularity of the reported TA is slot.
· FFS how to round TA value to slot level granularity

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.


According to the agreement in RAN1#107e [4], UE calculates the actual common TA (i.e., ) it applies based on these three parameters: Common TA, Common TA drift rate and Common TA drift rate variation. This means that the actual common TA used by the UE may change over time. If the actual common TA calculated and compensated by the UE is not directly reported to NW, the NW has to calculate the actual common TA by itself after it receives the TA MAC CE from the UE, which may deviate from the common TA actually compensated by the UE (as calculated upon the initiation of TA reporting). With only the service link TA reported by the UE available, the deviation of the common TA value further leads to the misalignment between the NW and the UE on the TA pre-compensation value actually applied by each specific UE.
	Agreement
Using indicated Higher-layer Common TA parameters, if configured, the UE can determine the one-way propagation time ( used for  calculation as follows:

where:
· ,  and 
· TACommon, TACommonDrift and TACommonDriftVariation are Common TA parameters defined in RAN1#106-bis-e
·  is the distance between the satellite and the uplink time synchronization reference point divided by the speed of light. DL and UL are frame aligned at the reference point with an offset given by .
·  is derived by the UE based on  to pre-compensate the two-way transmission delay between the uplink time reference point and the satellite.

Agreement
Confirm the Working assumption on granularity and bits allocation for Common TA parameters: Value range, granularity and bits allocation of Higher-layer parameters TACommon, TACommonDrift, TACommonDriftVariation are as follows:

	Parameter name 
	Value range
	Granularity
	Bits allocation

	
	0 ...66485757 
(i.e: 0… 270.73 ms) 
	
	26 bits

	TACommonDrift
	- 261935… + 261935
(i.e: --53.33   … +-53.33 ) 
	
	19 bits

	TACommonDriftVariation
	0…29470
(0…0.60 )
	
	15 bits

	· Value ranges are given in unit of corresponding granularity





Considering that the intention of reporting UE specific TA is to inform the gNB of the TA value which is actually compensated by UE, it is more reasonable to report the full TA rather than UE’s service link TA only.
Proposal 1: The content of UE specific TA reporting is full TA (i.e., TTA as defined in the UE’s TA formula).
· Issue 2: The size of TA reporting MAC CE
According to the TR 38.821 table 4.2-2 [5], the max round trip delay is 541.46 ms, and the granularity of the reported TA is in slot based on the LS from RAN1 [3]. In order to accommodate existing numerology, at least 14 bits are needed to cover all possible UE specific TA values with such a max round trip delay. So, we propose that the TA reporting MAC CE has a fixed size and consists of two octets. An example of TA reporting MAC CE is described below.


Fig. 1 Example of TA reporting MAC CE
Proposal 2: TA reporting MAC CE has a fixed size and consists of two octets.
· Issue 3: The exact priority of the TA report MAC CE
After the discussion on the priority of the TA report MAC CE at the last meeting, RAN2 should further determine 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, TA reporting MAC CE may be with a priority higher than CG confirmation MAC CE. Based on the progress in earlier meetings, event-triggered based UE specific TA reporting is supported for RRC_CONNECTED UEs, i.e., relying on the offset threshold between current information about UE specific TA and the last successfully reported information about UE specific TA as the criterion of the trigger event. This typically means that when the UE specific TA reporting is triggered in RRC_CONNECTED, the change of UE specific TA is already obvious. Then there could be the case that after the NW sends PDCCH to indicate configured grant Type 2 activation, the UE specific TA may have already changed obviously from the previously reported value based on which the NW assigned the CG resources. In such a case, some transmission opportunities of the CG resources assigned based on the outdated TA may already become unavailable from the UE’s perspective, due to the variation of the TA.	In this sense, it seems that the TA reporting MAC CE is with higher urgency to avoid such resource wastage, when there are both pending TA reporting MAC CE and CG confirmation MAC CE triggered but cannot be accommodated in the same grant.
Therefore, with respect to the relative position between TA reporting MAC CE and configured grant confirmation MAC CE in the LCP priority list, we propose that the priority of TA reporting MAC CE is higher than CG confirmation MAC CE.
[bookmark: _GoBack]Proposal 3: The priority of TA reporting MAC CE is higher than CG confirmation MAC CE.
TA reporting in connected mode
Based on the issues listed in [2] and the agreements for TA reporting, the remaining issues on TA reporting procedure in connected mode are listed below: 
· Issue 1: Whether TA reporting during RACH in connected mode should be controlled by the enable/disable indication configured in SI;
· Issue 2: Whether TA reporting can trigger SR/RACH;
· Issue 3: Whether the timeAlignmentTimer is started or restarted after UE reports its TA.
In this section, we will share our views on the above issues.
· [bookmark: _Hlk92444065]Issue 1: Whether TA reporting during RACH in connected mode should be controlled by the enable/disable indication configured in SI
In our understanding, TA reporting during RACH in connected mode should not be controlled by the flag in SI except in handover procedure. Furthermore, since RAN2 has agreed that UE shall not report TA in the RACH procedure for requesting other SI, we think RAN2 can follow the similar principle to conclude whether TA reporting can be supported during RACH in connected mode by specific RACH trigger events.
Proposal 4: Except handover procedure, TA reporting during RACH in connected mode should not be controlled by the enable/disable indication configured in SI.
Next, we will analyse in which RACH procedures the UE needs to report TA. As described in TS 38.300 [6], The random access procedure can be triggered by a number of events:
1) Initial access from RRC_IDLE;
2) RRC Connection Re-establishment procedure;
3) DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
4) UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available;
5) SR failure;
6) Request by RRC upon synchronous reconfiguration (e.g. handover);
7) RRC Connection Resume procedure from RRC_INACTIVE;
8) To establish time alignment for a secondary TAG;
9) Request for Other SI;
10) Beam failure recovery;
11) Consistent UL LBT failure on SpCell.
For bullet 2), 6) and 7) above, the UE may perform RRC resume/RRC re-establishment/handover to another cell during related RRC procedures; similar to initial access from RRC_IDLE, the TA reporting is essential for the gNB to schedule the appropriate grant. 
For bullet 3) and 5), when these events occur, an abnormality in communication has occurred, the TA is also an essential part of the RACH procedure. 
For bullet 4), even though the event occurs, the UE and the network can communicate normally, and the timing is considered aligned during RACH. So, we think the UE does not need to report TA when this event occurs.
For bullet 10), when the random access procedure is triggered by beam failure recovery, if CFRA is triggered, there is no chance for the UE to report TA, so the TA reporting is not needed. If CBRA is triggered and if beam failure recovery is for SpCell, TA reporting is needed.
For bullet 11), from our perspective, RAN2 does not need to consider the RACH triggered by this event in Rel-17, since the shared spectrum channel access is not introduced in Rel-17 NR NTN.
Based on the above analyses, we give the following proposals.
Proposal 5: For an RRC_CONNECTED UE, UE specific TA is reported during the RACH triggered due to the following events:
· RRC Connection Re-establishment procedure;
· DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
· SR failure;
· Request by RRC upon synchronous reconfiguration (e.g. handover);
· RRC Connection Resume procedure from RRC_INACTIVE;
· CBRA due to beam failure recovery for SpCell.
· Issue 2: Whether TA reporting can trigger SR/RACH
One left-over issue for UE specific TA reporting in connected mode as listed in [2] is “whether TA reporting can trigger SR/RACH when there is no available UL-SCH resources”. In our view, TA reporting MAC CE is beneficial for the subsequent scheduling. UE should report it to NW in time, when TA reporting is triggered. If the UE does not report TA MAC CE triggered due to lack of PUSCH, UE may miss DL transmission which is scheduled by NW based on the outdated TA information. So, we propose that SR/RACH should be triggered when TA reporting has been triggered but there is no available UL-SCH resources for TA reporting.
Proposal 6: SR/RACH is triggered when TA reporting has been triggered but there is no available UL-SCH resources for TA reporting.
· Issue 3: Whether the timeAlignmentTimer is started or restarted after UE reports its TA
At the last meeting, there was contribution [7] proposing that the timeAlignmentTimer should be started/restarted after UE reports its TA. Although there was a preliminary discussion of the issue, no agreement was reached. In our view, the MAC PDU carrying TA MAC CE may suffer from multiple retransmissions. If UE starts or restarts the timeAlignmentTimer after UE reports its TA, there’ll be misalignment between the UE and NW on the understanding of the actual starting point of timeAlignmentTimer, which may impact the subsequent scheduling. Thus, we think the TAT should not be restarted after UE reports the UE specific TA. Besides, the difference between the TA compensated by UE and the TA calculated by gNB may be well adjusted by gNB relying on the existing uplink time alignment mechanism.
Proposal 7: The timeAlignmentTimer is not started/restarted after UE reports its TA.
[bookmark: _Toc502437832]Conclusions
Based on the analyses given above, we have the following proposals:
Proposal 1: The content of UE specific TA reporting is full TA (i.e., TTA as defined in the UE’s TA formula).
Proposal 2: TA reporting MAC CE has a fixed size and consists of two octets.
Proposal 3: The priority of TA reporting MAC CE is higher than CG confirmation MAC CE.
Proposal 4: Except handover procedure, TA reporting during RACH in connected mode should not be controlled by the enable/disable indication configured in SI.
Proposal 5: For an RRC_CONNECTED UE, UE specific TA is reported during the RACH triggered due to the following events:
· RRC Connection Re-establishment procedure;
· DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
· SR failure;
· Request by RRC upon synchronous reconfiguration (e.g. handover);
· RRC Connection Resume procedure from RRC_INACTIVE;
· CBRA due to beam failure recovery for SpCell.
Proposal 6: SR/RACH is triggered when TA reporting has been triggered but there is no available UL-SCH resources for TA reporting.
Proposal 7: The timeAlignmentTimer is not started/restarted after UE reports its TA.
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