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Introduction
In RAN#91e, the new WI on positioning enhancement was approved and the updated WID (RP-210903) indicates the following objective regarding latency aspects [1]:
	· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]


In this paper, we discuss on UE Capability information enhancement regarding the low latency request and response of location information.
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As a result of the study on NR Positioning Enhancement [2], the target requirements for NR Positioning enhancements in Rel17 are defined as follows:
	In Rel-17 target positioning requirements for commercial use cases are defined as follows:
-	Horizontal position accuracy (< 1 m) for 90% of UEs
-	Vertical position accuracy (< 3 m) for 90% of UEs
-	End-to-end latency for position estimation of UE (< 100 ms)
-	Physical layer latency for position estimation of UE (< 10 ms)



According to the above requirements, the end-to-end procedures for position estimation should be able to take place within 100ms. However, based on the evaluation result of high layer latency (i.e., Table 8.1.3.1-1 in [2]), it is easily found that there is a big gap between the latency requirement (<100ms) and the evaluation result (>200ms) [3]. Also, we can see that the latency for requesting and providing location information have quite large portion among the overall end-to-end latency as shown in the Table 8.1.3.1-1 below. 

Table 8.1.3.1-1: Latency performance analysis for UE assisted DL-TDOA and DL-AoD
	Step
	Delay Value [ms]
	Description of Latency Component

	Step 1 LPP Request capabilities
	18-34.5
	Processing delays: 14 ms
-	UE: TUEProc-RRCDLInfo
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF
Note 1: the LPP capability processing delay is counted together in response message.

	Step 2 LPP Provide Capabilities
	25-54.5
	Processing delays: 21-34 ms
-	UE: 
-	TUEProc-RRCULInfo
-	TUEProc-LPPCapab
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 3 LPP Provide Assistance Data
	28-44.5
	Processing delays: 24 ms
-	UE: 
-	TUEProc-RRCDLInfo
-	TUEProc-LPPAssi
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 4 LPP Request Location Information
	23-39.5
	Processing delays: 19 ms
-	UE: 
-	TUEProc-RRCDLInfo
-	TUEProc-LPPLocationRe
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 5 RRC Location Measurement Indication
	5-8.5
	Processing delays: 5-8 ms
-	UE: TUEProc-RRCLocationMeas
-	gNB: TgNBProc-RRC
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB

	Step 6 RRC Measurement Gap configuration
	13-13.5
	Processing delays: 13 ms
-	UE: TUEProc-RRCReconf
-	gNB: TgNBProc-RRC
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB

	Step 7 DL PRS measurement
	88.5
	TDL-Meas

	Step 8 LPP Provide Location Information
	20-39.5
	Processing delays: 16-19 ms
-	UE: 
-	TUEProc-RRCULInfo
-	TUEProc-LPPLocationRe
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 9 LMF calculation
	2-30
	TLMF-Calc

	Total values
	222.5-353
	




To restrict the time for that location information exchange, LMF can include responseTime IE when it sends the LPP Request Location Information message to the UE. However, from the current TS 37.355, the minimum representable value of the response time (1sec) is too large to meet the Rel-17 latency requirement (100ms). 
ResponseTime ::= SEQUENCE {
	time								INTEGER (1..128),
	...,	
	[[	responseTimeEarlyFix-r12		INTEGER (1..128)		OPTIONAL		-- Need ON
	]],
	[[	unit-r15				ENUMERATED { ten-seconds, ... }	OPTIONAL		-- Need ON
	]]
}

Regarding this problem, at the previous RAN2#113-bis-e meeting, two companies submitted the contributions to introduce additional finer (under 1 sec) time granular values for the responseTime IE [4][5]. In the discussion at that time, any agreement to those proposals was not made and postponed to stage3 phase, but majority of companies agreed on the motivation of the contributions.
Assuming that the sub-second level response time could be introduced later, the following question will be how LMF can determine the value of the response time in a reasonable way. As commented in [6], during the response time, a UE has to do many kinds of operations (i.e., QoS analysis, measurement, measurement GAP handling, etc.), all of which should be considered by LMF in determining the response time. Also, the time required for the UE to perform all the related actions will depend on the UE capability. From these observation, it can be expected that LMF will need to get some UE capability information related to low latency operation and refer to that information when it schedules the overall positioning procedures and/or determines the feasible response time. The expected flows can be illustrated as in the following figure.


Figure 1. Example of signalling flows with response time determination by LMF
However, from the current TS 37.355, there is no information indicating the UE capability regarding operation latency in LPP Provide Capabilities message now. Hence, we would like to propose the following.
Proposal 1: RAN2 to introduce a new capability for the support of latency reduction in the ProvideCapabilities message body.
Conclusion
[bookmark: OLE_LINK3]Based on the discussion above, we have the following proposals:
Proposal 1: RAN2 to introduce a new capability for the support of latency reduction in the ProvideCapabilities message body.
References
[1]. RP-210903, Revised WID on NR Positioning Enhancements.
[2]. TR 38.857, Study on NR Positioning Enhancements (Release 17)
[3]. R2-2102789, "Discussion on latency enhancement for R17 positioning", vivo.
[4]. R2-2103382, "Positioning Latency Reduction Enhancements", Lenovo, Motorola Mobility.
[5]. R2-2103541, "Discussion on positioning latency", Huawei, HiSilicon.
[6]. R2-2104498, “Summary of Agenda Item 8.11.2: Positioning Latency Enhancements”, Qualcomm.

3GPP
image1.emf
UE LMF

LPP Request Capabilities

LPP Provide Capabilities

(w/ information related to UE operation latency)

LPP Provide Assistance Data

LPP Request Location Information

(w/ responseTime)

measurement

/estimation

LPP Provide Location Information

determine 

response time


Microsoft_Visio____.vsdx
UE
LMF
LPP Request Capabilities
LPP Provide Capabilities
(w/ information related to UE operation latency)
LPP Provide Assistance Data
LPP Request Location Information
(w/ responseTime)
measurement
/estimation
LPP Provide Location Information
determine response time



