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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].




In last meeting, RAN1 sent LS on determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE states [2]. This contribution provides our views on this LS.

Discussion  
The RAN1 LS 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. 

This mechanism is similar like one shot large UL timing adjustment introduced for FR2 Power Class 6 UE (FR2 HST UE). If the timing difference between the time when UE receives downlink frame with new target TCI state and the DL timing defined as the time when UE receives downlink frame with old source TCI state is larger than CP/4,  gradual timing adjustment is not enough, one shot large UL timing adjustment is in use and UE UL transmission timing error shall be less than or equal to ±Te as specified in clause 7.1.2 TS 38.133 if the new target TCI state is within active TCI state list.

However, eventhough one shot large UL timing adjustment is introduced, we cannot simply say that UE  autonomous TA adjustment is  feasible for positioning. The applied scenario is different. For FR2 HST, the reason to introduce one shot large UL timing adjustment for FR2 HST is the large DL receive timing difference due to the TCI state switch between different TRPs, but they come from the same serving cell, no need to consider timing error between cells.  For SRS transmission for positioning,  DL reference timing difference is between the last camping cell and current camping cell, synchronization error between cells need to be considered.

UE initial transmission timing error shall be less than or equal to Te. The allowed synchronization error between cells for UE autonomous TA adjustment could be obtained by (CP-Te)/2 considering that 2 times synchronization error between source and target gNB will be introduced when UE compensates 2 times of RTD. With this understanding, table 1 provide the allowed synchronization error between cells.

Table 1 allowed synchronization error between cells
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	Allowed synchronization error between cells: (CP-Te)/2

	1
	15
	15
	12*64*Tc
	2us

	
	
	30
	10*64*Tc
	1us

	
	
	60
	10*64*Tc
	0.5us

	
	30
	15
	8*64*Tc
	2us

	
	
	30
	8*64*Tc
	1us

	
	
	60
	7*64*Tc
	0.5us

	2-1
	120
	60
	3.5*64*Tc
	0.5us

	
	
	120
	3.5*64*Tc
	0.2us

	
	240
	60
	3*64*Tc
	0.5us

	
	
	120
	3*64*Tc
	0.2us


According to TS38.101, the maximum TAE could be 3us, but this is the minimum requirements. In pactical deployment, gNB may be synchrozied well. According to the observation in our network, typical TAE of the BS is about 300ns–700ns, the best case could be 65ns, which is within the calculated allowed synchronization error between cells. On the other hand, the typical scenario of LPHAP is indoor factory, the cell is well synchronized normally. In addition, according to RAN1 agreements, whether to use UE autonomously TA adjustment is up to network configuration. If network has confidence on the synchronization between cells, UE autonomously TA adjustment can be enabled. In summary, if the synchronization error between cells could be within a threshold (as shown in the last column of Table 1), it is feasible to autonomously adjusts the TA. Otherwise, it is not feasible to autonomously adjusts the TA.
Proposal 1:UE autonomously TA adjustment is feasible if synchronization error between cells is no larger than a threshold, and the threshold is shown as following table. Otherwise, it is not feasible.
	SCS of uplink signals (kHz)
	Te
	 Threshold on synchronization error between cells: 

	15
	12*64*Tc
	2us

	30
	10*64*Tc
	1us

	60
	10*64*Tc
	0.5us

	120
	8*64*Tc
	0.2us


Normally, it is expected that TA adjustment is under control of network. For UE autonomously TA adjustment during the SRS positioning validity area, to guaratee performance, it is necessary to specify the timing realted requirements as we do for one shot large UL timing adjustment, e.g. UE autonomously TA adjustment is allowed under which condition, the UL transmission error after adjustment, etc.

Proposal 2: for UE autonomously TA adjustment, it is proposed to specify the timing realted requirements as we do for one shot large UL timing adjustment.
Conclusion

This contribution provides discussion on RAN1 LS on UL timing for SRS transmission. The proposals are:

Proposal 1:UE autonomously TA adjustment is feasible if synchronization error between cells is within a threshold, and the threshold is shown as following table. Otherwise, it is not feasible.
	SCS of uplink signals (kHz)
	Te
	 Threshold on synchronization error between cells: (CP-Te)/2

	15
	12*64*Tc
	2us

	30
	10*64*Tc
	1us

	60
	10*64*Tc
	0.5us

	120
	8*64*Tc
	0.2us


Proposal 2: for UE autonomously TA adjustment, it is proposed to specify the timing realted requirements as we do for one shot large UL timing adjustment.
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1. Overall Description:
RAN4 thanks RAN1 for the LS (R1-2304082) on determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE states. RAN4 has discussed this issue and agreed on the following:

UE autonomously TA adjustment is feasible if synchronization error between cells is within a threshold, and the threshold is shown as following table. Otherwise, UE autonomously TA adjustment is not feasible.
	SCS of uplink signals (kHz)
	Te
	 Threshold on synchronization error between cells

	15
	12*64*Tc
	2us

	30
	10*64*Tc
	1us

	60
	10*64*Tc
	0.5us

	120
	8*64*Tc
	0.2us


2. Actions:

To RAN WG1:

RAN4 kindly asks RAN1 to take the above information into account. 
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