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1. Introduction 
In RAN2#116e meeting, several agreements have been made with respect to TA reporting 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 current progress, the following issues still need to be addressed in this meeting:
1. the content of TA report;
2. the size of the TA report MAC CE;
3. the exact priority of the TA report MAC CE.
In this contribution, we further provide our views on the above remaining issues.
2. Discussion 
2.1 The content and size of the TA report MAC CE

In last meeting, the LS from RAN1 was received regarding formula of UE’s TA [1]. The main part is as below:
	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.



The content of TA report MAC CE has been discussed accordingly since it is stated in [1] that 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, but no agreement was made. 
According to [2], currently there are four candidate solutions on table:
Option 1: Full TA (i.e., T_TA 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., T_TA-N_(TA,common))
Option 4: The difference between full TA and the cell-specific Koffset (i.e., [Cell-specific-Koffset * 10-3 – T_TA] / [slot time] rounded down to closest integer)
For option 1, full TA means the whole RTT UE experiences in an NTN cell needs to be reported to network. According to the evaluation outcome in [3], the value can be up to 541.46 ms in GEO case and 25.77 ms in LEO case (600km). Considering the granularity of the reported TA is slot, with 15KHz SCS (slot length is 1ms), the MAC CE size should be at most 10bit (GEO) and 5bit (LEO); with 120KHz SCS (slot length is 0.125ms), the MAC CE size should be at most 13bit (GEO) and 8bit (LEO).
For option 2 and option 3, they are basically the same from MAC CE size point of view, i.e., 1bit less than option 1, since service link RTT can be roughly considered as equal to feeder link RTT.
For option 4, the Cell-specific-Koffset is supposed to be the largest RTT among all UEs in this NTN cell. [Cell-specific-Koffset * 10-3 – T_TA] is similar to the differential delay within a cell. So with 15KHz SCS (slot length is 1ms), the MAC CE size should be at most 4bit (maximum 10.3ms for GEO) and 2bit (maximum 3.12ms for LEO 600km); with 120KHz SCS (slot length is 0.125ms), the MAC CE size should be at most 7bit (GEO) and 5bit (LEO). In this case one byte is enough.
The reason why 240KHz SCS is not taken into account here is that it is only used for SSB in FR2, and the TA report MAC CE is delivered by PUSCH, so they are not relevant. The corresponding description in specification is as below:
	subcarrierSpacing
Subcarrier spacing of this carrier. It is used to convert the offsetToCarrier into an actual frequency. Only the values 15 kHz, 30 kHz or 60 kHz (FR1), and 60 kHz or 120 kHz (FR2) are applicable.



To sum up, the following table is used to show the MAC CE sizes with all options.
Table 1 different options’ MAC CE size
	
	15KHz SCS
Slot time= 1ms
	120KHz
Slot time= 0.125ms
	MAC CE size for all scenarios

	
	GEO
Maximum TA = 541.46 ms
	LEO 600km
Maximum TA = 25.77 ms
	GEO
Maximum TA = 541.46 ms
	LEO 600km
Maximum TA = 25.77 ms
	

	Option 1
	10bit
	5bit
	13bit
	8bit
	2 bytes

	Option 2
	9bit
	4bit
	12bit
	7bit
	2 bytes

	Option 3
	9bit
	4bit
	12bit
	7bit
	2 bytes

	Option 4
	4bit
(Maximum differential delay=10.3ms)
	2bit
(Maximum differential delay=3.12ms)
	7bit
(Maximum differential delay=10.3ms)
	5bit
(Maximum differential delay=3.12ms)
	1 byte



We can see that if we use one MAC CE to cover both GEO and LEO, both FR1 and FR2, two bytes are needed with option 1/2/3. And only one byte is needed with option 4, that’s why companies argued that there is one byte benefit. But if we go with option 4, it means TA reporting feature depends on the existence of parameter Cell-specific-Koffset, which means if this parameter is not provided in system information, the formula of option 4 cannot work as there is no default value applied. 
Observation 1: compared with option 1/2/3, the size of TA report MAC CE with option 4 is one byte less.
Observation 2: with option 4, TA reporting depends on the existence of parameter Cell-specific-Koffset, which means if this parameter is not provided in system information, the formula of option 4 cannot work.
The further improvement can focus on how to reduce the MAC CE size of option 1/2/3. Considering the similar principle applied in option 4, UE can report the difference between the full TA/service link TA and the corresponding minimum theoretical value. According to TR 38.821, the minimum full TA in GEO case is 477.48 ms, and the minimum service link TA is 238.74 ms (equal to the RTT in GEO regenerative payload case). For LEO 600km case, the minimum values are 8ms and 4ms respectively.
For option 4, further improvement can be made that UE can report the difference between the full TA/service link TA and the corresponding minimum practical value within current NTN cell. So it is equal to report the differential delay, but the formula is changed to [T_TA – minimum TA] / [slot time] rounded down to closest integer. The minimum TA can be provided by system information, and the default value is 477.48 ms for GEO and 8ms for LEO 600KM, which means when minimum TA is not broadcast this option can still work.
With this update, the MAC CE sizes of improved option 1/2/3/4 are as below:
Table 1 different options’ MAC CE size
	
	15KHz SCS
Slot time= 1ms
	120KHz
Slot time= 0.125ms
	MAC CE size for all scenarios

	
	GEO
Maximum full TA difference= 63.98 ms
	LEO 600km
Maximum full TA difference= 17.77 ms
	GEO
Maximum full TA difference= 63.98 ms
	LEO 600km
Maximum full TA difference= 17.77 ms
	

	Option 1
	7bit
	5bit
	10bit
	8bit
	2 bytes

	Option 2
	6bit
	4bit
	9bit
	7bit
	2 bytes

	Option 3
	6bit
	4bit
	9bit
	7bit
	2 bytes

	Option 4
	4bit
(Maximum differential delay=10.3ms)
	2bit
(Maximum differential delay=3.12ms)
	7bit
(Maximum differential delay=10.3ms)
	5bit
(Maximum differential delay=3.12ms)
	1 byte



From the above Table, we can see that two bytes are still needed for all cases when only the minimum theoretical value is removed. But when the minimum practical TA is removed, one byte is enough for all cases. It means in order to have less MAC CE size, the UE specific differential delay can be reported, i.e., [T_TA – minimum TA] / [slot time] rounded down to closest integer. Minimum TA is broadcast in system information, and if it is not provided in system information the default value is used, i.e., 477.48 ms for GEO and 8ms for LEO.
Proposal 1: the content of TA report MAC CE is UE specific differential delay, i.e., [T_TA – minimum TA] / [slot time] rounded down to closest integer. Minimum TA is broadcast in system information, and the default value is 477.48 ms for GEO and 8ms for LEO.
Proposal 2: if P1 is agreed, the TA report MAC CE consists of a single field with 8 bits length.

[bookmark: _Hlk89856605]2.2 The priority of the TA report MAC CE

According to TS 38.321, current priority order is as shownbelow. Then the remaining task is to determine the exact priority of TA report MAC CE
	Logical channels shall be prioritised in accordance with the following order (highest priority listed first):
-	C-RNTI MAC CE or data from UL-CCCH;
-	Configured Grant Confirmation MAC CE or BFR MAC CE or Multiple Entry Configured Grant Confirmation MAC CE;
-	Sidelink Configured Grant Confirmation MAC CE;
-	LBT failure MAC CE;
-	MAC CE for SL-BSR prioritized according to clause 5.22.1.6;
-	MAC CE for BSR, with exception of BSR included for padding;
-	Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;
-	MAC CE for the number of Desired Guard Symbols;
-	MAC CE for Pre-emptive BSR;
-	MAC CE for SL-BSR, with exception of SL-BSR prioritized according to clause 5.22.1.6 and SL-BSR included for padding;
-	data from any Logical Channel, except data from UL-CCCH;
-	MAC CE for Recommended bit rate query;
-	MAC CE for BSR included for padding;
-	MAC CE for SL-BSR included for padding.
NOTE 2:	Prioritization among Configured Grant Confirmation MAC CE, Multiple Entry Configured Grant Confirmation MAC CE, and BFR MAC CE is up to UE implementation.



 We understand the TA report MAC CE is used for uplink scheduling in delay aspect, i.e., network can set appropriate UE specific K_offset based on this reported TA value. And BSR is also applied for uplink scheduling, but from data size point of view. So the priority of the TA report MAC CE can be the same as BSR. Considering current agreement is to make it between BSR and CCCH, the priority of the TA report MAC CE can be right above BSR.
Proposal 3: the priority of the TA report MAC CE is right above “MAC CE for BSR, with exception of BSR included for padding.”

3. Conclusion
In this paper, we further discuss the remaining issues of TA report MAC CE, and we have the following observations:
Observation 1: compared with option 1/2/3, the size of TA report MAC CE with option 4 is one byte less.
Observation 2: with option 4, TA reporting depends on the existence of parameter Cell-specific-Koffset, which means if this parameter is not provided in system information, the formula of option 4 cannot work.
And we propose:
Proposal 1: the content of TA report MAC CE is UE specific differential delay, i.e., [T_TA – minimum TA] / [slot time] rounded down to closest integer. Minimum TA is broadcast in system information, and the default value is 477.48 ms for GEO and 8ms for LEO.
Proposal 2: if P1 is agreed, the TA report MAC CE consists of a single field with 8 bits length.
Proposal 3: the priority of the TA report MAC CE is right above “MAC CE for BSR, with exception of BSR included for padding.”
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