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Introduction

According to the WID on expanded and improved NR Positioning [1], one of the objectives is LPHAP. The detailed objectives are duplicated as following.

	Specify enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 including:

Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state towards meeting the battery life requirement for LPHAP [RAN2, RAN3, RAN4]
Positioning-specific enhancement for eDRX cycle beyond 10.24s to be defined as part of Rel-18 WI on expanded and improved NR positioning.

NOTE: Work on this objective should be coordinated with that in Rel-18 WI on eRedCap. Towards this, the feature of extending eDRX cycle beyond 10.24s should be defined as part of Rel-18 WI on eRedCap.

NOTE: Inputs from RAN1 as necessary may be facilitated via LSs

For UL and DL+UL positioning for UEs in RRC_INACTIVE state, specify SRS configuration enhancements based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration [RAN2, RAN1, RAN3].
SRS for positioning configurations in multiple cells [RAN2, RAN1]. 

Note: Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.

Pre-configuration of one or multiple SRS for positioning configurations [RAN2, RAN3].

SRS for positioning activation/request procedure(s) [RAN2, RAN1].

Specify solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state [RAN2].

Specify solutions for alignment between eDRX and PRS configurations [RAN2].

Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].




LPHA positioning was discussed in last RAN4 meeting, a WF was agreed[2]. This contribution provides further discussion on this topic.

Discussion  
In May meeting, RAN1 sent LS on UE based TA adjustment to RAN4, the content are duplicated as following:

	RAN1 LS (R1-2306248 )
In the Rel-18 WI Expanded and Improved NR Positioning, with regard to LPHAP (Low Power High Accuracy Positioning), RAN1 discussed the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity consists of multiple cells, and made the following agreement: 
Agreement
For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area, support the following to determine a valid TA:

By default, UE maintains the TA from the last serving cell.

UE can adjust its UL timing according to the change in DL reference timing.

If configured by the network, subject to UE capability, UE autonomously adjusts the TA, when cell-reselection happens.

Send LS to RAN4 asking the feasibility and necessary conditions (e.g., whether the above behaviour applies when the DL reference timing difference between the last camping cell and current camping cell exceeds a threshold and how UE adjusts it, or additional RRM procedure to obtain the timing difference needs to be defined.)

The DL reference timing follows the DL timing of current camping cell.
To RAN4:
ACTION: RAN1 respectfully asks RAN4 on the feasibility and necessary conditions on the UE autonomous TA adjustment when cell-reselection happens, e.g., whether the autonomous TA adjustment applies when the DL reference timing difference between the last camping cell and current camping cell exceeds a threshold and how UE adjusts it, or additional RRM procedure to obtain the timing difference needs to be defined.



According to RAN1 LS, RAN4 is asked to check whether it is feasible that UE autonomously adjusts the TA when the DL reference timing difference between the last camping cell and current camping cell exceeds a threshold. In August meeting, RAN4 agreed that it is feasible to perform UE based TA adjustment, but how to specify related requirements are FFS. In last meeting, there were further agreements on  how UE should autonomously adjust the TA when cell-reselection happens and the  thresholds for the one-shot autonomous TA adjustment. The detialed agreements are duplicated as following, and a reply LS [3] was sent to RAN1.
	Agreements in RAN4 #108 (R4-2314462)

Question 1: whether it is feasible for UE to autonomously adjust the TA when cell-reselection happens
Agreement (from AH session)

It is feasible for UE to autonomously adjust the TA when cell-reselection happens within the validity area.

Agreements in RAN4 #108bis (R4-2317378)

Question 2: how UE should autonomously adjust the TA when cell-reselection happens, if confirmed to be feasible

Question 3: thresholds for the one-shot autonomous TA adjustment, if agreed to be applied

Agreement (from AH session)

If the DL timing difference is ≥ CP/4, UE autonomously adjusts the TA based on twice of the DL timing difference (to maintain approximately the same UL Rx timing immediately before and after each cell reselection).

If the DL timing difference is < CP/4, UE follows the DL timing of the new camping cell by performing gradual timing adjustment as defined in clause 7.1.2.1.

Send reply LS to RAN1 LS in R1-2306248 (LS on determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE states).




One of the remaing issue is UL timing requirements. In our view, the UL timing requirements for the subsequent SRS transmission after the one-shot autonomous TA adjustment could be same as legacy timing requirements, which is ±Te as specified in clause 7.1.2 of TS38.133. In detail, after UE autonomous TA adjustment in RRC_INACTIVE state within the SRS positioning validity area, the UL transmission timing error requirements as specified in clause 7.1.2 of TS38.133 (Te) is reused.

Proposal 1: for UL timing requirements for the SRS transmission after the one-shot autonomous TA adjustment, , it is proposed to reuse the UL transmission timing error requirements as specified in clause 7.1.2 of TS38.133 (Te).
One thing to be noted is that in the SRS positioning validity area, UE aotunomous TA adjustment could happen mutiple times. For the case with subsequent UE  aotunomous TA adjustment, 2 issues are observed. 
In last meeting, it was agreed that if the DL timing difference is ≥ CP/4, UE autonomously adjusts the TA based on twice of the DL timing difference. With this agreement,  the UE transmit timing immediately after UE aotunomous TA adjustment shall be TDL_new - NTA + 2*(TDL_old - TDL_new).

TDL_new is the DL timing defined as the time when UE receives downlink frame with current camping cell. For the 1st UE aotunomous TA adjustment, when deciding UE transmit timing after the adjustment, NTA is the signalled timing advance from last  serving cell, TDL_old is the DL timing defined as the time when UE receives downlink frame with last capming cell. 

One issue is for the subsuqent UE aotunomous TA adjustment (except the 1st UE aotunomous TA adjustment), it is not clear which NTA is in use when deciding the UE transmit timing after adjustment. One option is that NTA is still the signalled timing advance from last  serving cell (which is TA_1 signalled from cell A as shown in Figure 1.). In this way, TDL_old is the DL timing defined as the time when UE receives downlink frame with last serving cell cell (i.e. T5 from cell A). The other option is that NTA is the calculated TA after UE aotunomous TA adjustment from last  camping cell (which is TA_2 as shown in Figure 1). In this way, TDL_old is the DL timing defined as the time when UE receives downlink frame with last camping cell cell (i.e. T3 from cell B). 
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Figure 1 UE perform subsequent autonomous TA adjustment during SRS positioning validity area
To make it more clear, above issue can be discussed with the scenario shown in Figure 1. 

UL tramisting time at point C = TDL_new - NTA + 2*(TDL_old - TDL_new)

TDL_new is the DL timing from current camping cell
NTA
Option 1: NTA = TA_1, which is the signalled TA from last serving cell (i.e. cell A)

TDL_old  is the DL timing from lasting serving cell (i.e. T5 from cell A) 
Option 2: NTA = TA_2, which is new TA after UE aotunomous TA adjustment from last  camping cell (i.e. cell B)

TDL_old  is the DL timing from lasting camping cell (i.e. T3 from cell B) 
According to our RAN1 colleague, it is RAN1 common understanding that NTA is the calculated TA after UE aotunomous TA adjustment from last  camping cell, which is option 2 . We would like to further check with RAN4 whether RAN4 also share the same view. 

Proposal 2: UL tramisting time after UE autonomous TA adjustment = TDL_new - NTA + 2*(TDL_old - TDL_new), TDL_new is the DL timing from current camping cell. For the 1st UE aotunomous TA adjustment, NTA  is the signalled TA from last serving cell. TDL_old  is the DL timing from lasting serving cell
Proposal 3: UL tramisting time after UE autonomous TA adjustment = TDL_new - NTA + 2*(TDL_old - TDL_new), TDL_new is the DL timing from current camping cell. In SRS positioning validity area, UE aotunomous TA adjustment could happen mutiple times. For the subsequent UE aotunomous TA adjustment (except 1st UE aotunomous TA adjustment ), it is proposed to further discuss how to decide NTA and TDL_old.
Option 1: NTA   is the signalled TA from last serving cell (i.e. cell A as shown in Figure 1)

TDL_old  is the DL timing from lasting serving cell (i.e. T5 from cell A as shown in Figure 1) 
Option 2: NTA  is the new TA after UE aotunomous TA adjustment from last  camping cell (i.e. cell B as shown in Figure 1)

TDL_old  is the DL timing from lasting camping cell (i.e. T3 from cell B as shown in Figure 1) 
The other issue is that with subsquent TA adjustment, with the number of UE performing autonomous TA adjustment incease, the TA value decrease, the accumulated TA could be zero, which would be a problem. Taking Figure 1 as an example, 

UE reslect to cell B from cell A, 

UE UL tramisting time at point B = TDL_new_B - TA_1 + 2*RSTD= TDL_new_B - (TA_1 - 2*RSTD)

the Timing advance value after UE autonomous TA adjustment is TA_2 = TA_1 - 2*RSTD = 20- 2*(15-10) =10

UE reslect to cell C from cell B, 

UE UL tramisting time at point C = TDL_new_C - TA_2 + 2*RSTD= TDL_new_C - (TA_2 - 2*RSTD)
the Timing advance value after UE autonomous TA adjustment is TA_3 = TA_2 - 2*RSTD = 10- 2*(15-10) =0

In above analysis, for the UL transmit timing after UE autonomous TA adjustment, NTA  is the new TA after UE aotunomous TA adjustment from last  camping cell (i.e. option 2 in proposal 3). If we go with option 1 in proposal 3, NTA   is the signalled TA from last serving cell, the issue cannot be solved either. Since the TDL_old from last serving cell could be much larger than the TDL_new from current camping cell, which result in nagetive TA. It is proposed to further discuss how to solve this issue.

Proposal 4: In SRS positioning validity area, UE autonomous TA adjustment could happen mutiple times. With the number of UE performing autonomous TA adjustment incease, the accumulated TA value decrease. As a result, the accumulated TA  used for determining UE UL transmit timing could be zero. It is proposed for RAN4 to discuss how to solve this issue.
In our understanding, both above two issues are due to subsequent aotunomous TA adjustment. If there is no good solution, and considering the limited timeline, one simple way is that subsequent aotunomous TA adjustment is not allowed in this release. In detail, UE only need to perform up to 1 time aotunomous TA adjustment after receiving the signalled TA from last serving cell.

Proposal 5: it is proposed that if aotunomous TA adjustment is enabled by network, UE only perform up to 1 time autonomous TA adjustment after receiving the signalled TA from last serving cell in Rel-18.

Conclusion

This contribution provides discussion on LPHAP. The proposals are:

Proposal 1: for UL timing requirements for the SRS transmission after the one-shot autonomous TA adjustment, , it is proposed to reuse the UL transmission timing error requirements as specified in clause 7.1.2 of TS38.133 (Te).
Proposal 2: UL tramisting time after UE autonomous TA adjustment = TDL_new - NTA + 2*(TDL_old - TDL_new), TDL_new is the DL timing from current camping cell. For the 1st UE aotunomous TA adjustment, NTA  is the signalled TA from last serving cell. TDL_old  is the DL timing from lasting serving cell
Proposal 3: UL tramisting time after UE autonomous TA adjustment = TDL_new - NTA + 2*(TDL_old - TDL_new), TDL_new is the DL timing from current camping cell. In SRS positioning validity area, UE aotunomous TA adjustment could happen mutiple times. For the subsequent UE aotunomous TA adjustment (except 1st UE aotunomous TA adjustment ), it is proposed to further discuss how to decide NTA and TDL_old.
Option 1: NTA   is the signalled TA from last serving cell (i.e. cell A as shown in Figure 1)

TDL_old  is the DL timing from lasting serving cell (i.e. T5 from cell A as shown in Figure 1) 
Option 2: NTA  is the new TA after UE aotunomous TA adjustment from last  camping cell (i.e. cell B as shown in Figure 1)

TDL_old  is the DL timing from lasting camping cell (i.e. T3 from cell B as shown in Figure 1) 
Proposal 4: In SRS positioning validity area, UE autonomous TA adjustment could happen mutiple times. With the number of UE performing autonomous TA adjustment incease, the accumulated TA value decrease. As a result, the accumulated TA  used for determining UE UL transmit timing could be zero. It is proposed for RAN4 to discuss how to solve this issue.
Proposal 5: it is proposed that if aotunomous TA adjustment is enabled by network, UE only perform up to 1 time autonomous TA adjustment after receiving the signalled TA from last serving cell in Rel-18.
Reference

RP-223549, New WID on Expanded and Improved NR Positioning

R4-2317378,WF on R18 NR positioning – LPHAP, Huawei, HiSilicon
R4-2317379, Reply LS on determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE states
R4-2314462, WF on NR Positioning- LPHAP, Huawei, HiSilicon
[4] R4-2310074, WF on NR Positioning- LPHAP, Huawei, HiSilicon
[5] R4-2306353, WF on RRM requirements for LPHAP, Huawei, HiSilicon

