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Introduction
At the RAN#86 meeting, the study item on NR Positioning Enhancements [1] was approved, which includes the following objective to evaluate the positioning latency:
1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]

In RAN1#101-e, agreements, including the following two shown below, have been achieved to evaluate positioning latency:
Agreement:
Physical layer latency can be evaluated through analysis and, optionally, numerical evaluation.
Agreement:
Higher layer positioning latency can be evaluated in this SI.
· FFS: how to evaluate higher-layer positioning latency
· FFS: which higher-layers should be included in the evaluation

In this contribution, we present our results of the achievable positioning latency and describe the corresponding methods we applied for the evaluation.

Discussion
Rel-16 supports 5GS-based LCS service with MT-LR, MO-LR, and NI-LR, among which MT-LR and MO-LR are generalized assumed as commercial use cases.
In the following sections, the service latency for MT-LR and MO-LR using NR positioning is analyzed for  the ticked positioning modes shown in Table 1 below.
[bookmark: _Ref46319847]Table 1 Positioning modes latency analyzed in this discussion paper
	
	MT-LR
	MO-LR

	UE-assisted, LMF based (DL-TDOA, DL-AoD)
	√
	√

	Network assisted, LMF based (UL-TDOA, UL-AoA)
	√
	

	UE-based (DL-TDOA, DL-AoD)
	
	√


As illustrated in [2], positioning service latency is defined by the time elapsed between the event that triggers the determination of the position-related data and the availability of the position-related data at the system interface. The overall service latency depends on the delay on the radio interface, transmission within the 5G system, transmission to a server which may be outside the 5G system, and data processing.
For the sake of brevity, procedures external to the PLMN (between LCS client and GMLC), procedures related to roaming case (between V-PLMN and H-PLMN), and privacy verification procedures (e.g. between GMLC and UDM) are not included in the latency evaluation.
The simplified procedures are based on the SA2 stage-2 specification [1], in the respective clauses 6.1.2 and 6.2.
MT-LR with UE assisted, LMF based positioning
The procedure uses DL-TDOA and/or DL-AoD positioning as the exemplary positioning method, as the two methods share similar mechanisms.
The overall delay and signaling flow are summarized in Table 2 and Figure 1, respectively.
[bookmark: _Ref45550142]Table 2 Overall delay analysis
	Step No.
	Procedure
	Delay:
Tntw is the delay for signaling between network entities
TUL-RRC is the delay for UL RRC signaling between UE and RAN
TDL-RRC is the delay for DL RRC signaling between RAN and UE
TPhy is the delay for physical layer delay

	1
	AMF Location request (GMLC  AMF)
	Tntw

	2
	LMF Location request (AMF  LMF)
	Tntw

	3
	LPP Provide assistance data
	2Tntw+TDL-RRC

	4
	LPP Request location information
	2Tntw+TDL-RRC

	5
	RRC Gap request
	TUL-RRC

	6
	RRC Gap configuration
	TDL-RRC

	7
	Physical layer measurement
	TPhy

	8
	LPP Provide location information
	2Tntw+TUL-RRC

	9
	LMF Location calculation
	TlocCal

	10
	LMF Location response (LMF  AMF)
	Tntw

	11
	AMF Location response (AMF  GMLC)
	Tntw

	Total 
	10Tntw+3TDL-RRC+2TUL-RRC+TlocCal+TPhy
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[bookmark: _Ref45550134]Figure 1 MT-LR with UE-assisted, LMF based positioning (DL-TDOA/DL-AoD)

MT-LR with network assisted, LMF based positioning
The procedure uses UL-TDOA and/or UL-AoA positioning as the exemplary positioning method, as the two methods share similar mechanisms.
The overall delay and signaling flow are summarized in Table 3 and Figure 2, respectively.
[bookmark: _Ref45551447]Table 3 Overall delay analysis
	Step No.
	Procedure
	Delay:
Tntw is the delay for signaling between network entities
TPhy is the delay for physical layer delay

	1
	AMF Location request (GMLC  AMF)
	Tntw

	2
	LMF Location request (AMF  LMF)
	Tntw

	3
	NRPPa POSITIONING INFORMATION REQUEST
	2Tntw

	4
	RRC SRS configuration
	0 (Assuming existing SRS is used)

	5
	NRPPa POSITIONING INFORMATION RESPONSE
	2Tntw

	6
	NRPPa MEASUREMENT REQUEST
	2Tntw

	7
	Physical layer measurement
	TPhy

	8
	NRPPa MEASUREMENT RESPONSE
	2Tntw

	9
	LMF Location calculation
	TlocCal

	10
	LMF Location response (LMF  AMF)
	Tntw

	11
	AMF Location response (AMF  GMLC)
	Tntw

	Total 
	12Tntw+TlocCal+TPhy
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[bookmark: _Ref45551456]Figure 2 MT-LR with network-assisted, LMF based positioning (UL-TDOA/UL-AoA)

MO-LR with UE assisted, LMF based positioning
The procedure uses DL-TDOA and/or DL-AoD positioning as the exemplary positioning method, as the two methods share similar mechanisms.
The overall delay and signaling flow are summarized in Table 4 and Figure 3, respectively.
[bookmark: _Ref45554230]Table 4 Overall delay analysis
	Step No.
	Procedure
	Delay:
· Tntw is the delay for signaling between network entities
· TUL-RRC is the delay for UL RRC signaling between RAN and UE
· TDL-RRC is the delay for DL RRC signaling between RAN and UE
· TPhy is the delay for physical layer delay

	1
	NAS Location request (UE  AMF)
	Tntw+TUL-RRC

	2
	LMF Location request (AMF  LMF)
	Tntw

	3
	LPP Provide assistance data
	2Tntw+TDL-RRC

	4
	LPP Request location information
	2Tntw+TDL-RRC

	5
	RRC Gap request
	TUL-RRC

	6
	RRC Gap configuration
	TDL-RRC

	7
	Physical layer measurement
	TPhy

	8
	LPP Provide location information
	2Tntw+TUL-RRC

	9
	LMF Location calculation
	TlocCal

	10
	LMF Location response (LMF  AMF)
	Tntw

	11
	NAS Location response (AMF  UE)
	Tntw+TDL-RRC

	Total 
	10Tntw+4TDL-RRC+3TUL-RRC+TlocCal+TPhy
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[bookmark: _Ref45554222]Figure 3 MO-LR with UE-assisted, LMF based positioning (DL-TDOA/DL-AoD)

MO-LR with UE based positioning
The procedure uses DL-TDOA and/or DL-AoD positioning as the exemplary positioning method, as the two methods share similar mechanisms.
The overall delay and signaling flow are summarized in Table 5 and Figure 4, respectively.
[bookmark: _Ref45554400]Table 5 Overall delay analysis
	Step No.
	Procedure
	Delay:
Tntw is the delay for signaling between network entities
TUL-RRC is the delay for UL RRC signaling between RAN and UE
TDL-RRC is the delay for DL RRC signaling between RAN and UE
TPhy is the delay for physical layer delay

	1
	NAS Location request (UE  AMF)
	Tntw+TUL-RRC

	2
	LMF Location request (AMF  LMF)
	Tntw

	3
	LPP Provide assistance data
	2Tntw+TDL-RRC

	4
	RRC Gap request
	TUL-RRC

	5
	RRC Gap configuration
	TDL-RRC

	6
	Physical layer measurement
	TPhy

	7
	UE Location calculation
	TlocCal

	Total 
	4Tntw+2TDL-RRC+2TUL-RRC+TPhy+TlocCal
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[bookmark: _Ref45554415]Figure 4 MO-LR with UE-based positioning (DL-TDOA/DL-AoD)

Summary
The overall latency analysis is given in Table 6. The typical value assumes the following individual components.
1. Tntw=0.5ms
TDL-RRC=5ms
TUL-RRC=2ms
TlocCal=5ms
TPhy=20ms for SRS and DL PRS
[bookmark: _Ref45554897]Table 6 Summary of positioning service delay
	Case
	Overall delay
	Typical value

	MT-LR (UE assisted, LMF based)
	10Tntw+3TDL-RRC+2TUL-RRC+TlocCal+TPhy
	49ms

	MT-LR (Network assisted, LMF based)
	12Tntw+TlocCal+TPhy
	31ms

	MO-LR (UE assisted, LMF based)
	10Tntw+4TDL-RRC+3TUL-RRC+TlocCal+TPhy
	56ms

	MO-LR (UE based)
	4Tntw+2TDL-RRC+2TUL-RRC+TPhy+TlocCal
	41ms



Based on the analysis, we have the following observations.
Observation 1: Physical measurement delay is the main contributor to the overall positioning service delay.
Observation 2: The typical positioning service end-to-end delay is between 30ms to 50ms.

Conclusion
In this contribution, we have the following proposals.
Observation 1: Physical measurement delay is the main contributor to the overall positioning service delay.
Observation 2: The typical positioning service end-to-end delay is between 30ms to 50ms.
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