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1. Introduction
In last meeting, RAN2 agreed to study positioning in idle/inactive mode, on-demand PRS and latency analysis in the study phase.
In addition, in the email discussion [Post111-e][625][POS] End-to-end latency analysis (Intel), the E2E latency was discussed. 
In this contribution, we discuss the potential solution directions on how to reduce the E2E latency.
1. [bookmark: Proposal_Pattern_Length]Discussion
Based on [1], using Multi-RTT as example:



The E2E latency for Multi-RTT is 
	Positioning technique [Multi-RTT] [UE-A] Figure 3


	Latency Component
	Value Range (ms)
	Description of Latency Component

	Step 1 LPP Request capabilities
	18-34
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP +TUE-gNB+ TUEProc-RRCDLInfo
Processing delays: 14ms
-	UE: TUEProc-RRCDLInfo= 5ms
-	gNB: TgNBProc-NAS/LPP= 3ms
-	AMF: TAMFProc= 3ms
-	LMF: TLMFProc= 3ms
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB= 0-0.5ms
-	gNB-AMF: TgNB-AMF= 3-10ms
-	AMF-LMF: TAMF-LMF= 1-10ms
Note, the LPP capability processing delay is counted together in response message. 

	Step 2 LPP Provide Capabilities
	25-54.5
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP +TUE-gNB+ 
TUEProc-RRCULInfo+ TUEProc-LPPCapab
Processing delays: 21-34ms
-	UE: 
               TUEProc-RRCULInfo= 2-5ms
               TUEProc-LPPCapab= 10-20ms
-	gNB: TgNBProc-NAS/LPP= 3ms
-	AMF: TAMFProc= 3ms
-	LMF: TLMFProc= 3ms
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB= 0-0.5ms
-	gNB-AMF: TgNB-AMF= 3-10ms
-	AMF-LMF: TAMF-LMF= 1-10ms


	Step 3 NRPPa POSITIONING INFORMATION REQUEST
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NRPPa
Processing delays: 9 ms
-	gNB: TgNBProc-NRPPa= 3ms
-	AMF: TAMFProc= 3ms
-	LMF: TLMFProc= 3ms
Signalling delay:4-20ms
-	gNB-AMF: TgNB-AMF= 3-10ms
-	AMF-LMF: TAMF-LMF= 1-10ms


	Step 4 RRC SRS configuration
	13-13.5
	TgNBProc-RRC+ TUE-gNB+ TUEProc-RRCReconf
Processing delays: 13ms
-	UE: 
               TUEProc-RRCReconf = 10ms 
-	gNB: TgNBProc-RRC= 3ms
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB= 0-0.5ms


	Step 5 NRPPa POSITIONING INFORMATION RESPONSE
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NRPPa 
Processing delays: 9 ms
-	gNB: TgNBProc-NRPPa= 3ms
-	AMF: TAMFProc= 3ms
-	LMF: TLMFProc= 3ms
Signalling delay:4-20ms
-	gNB-AMF: TgNB-AMF= 3-10ms
-	AMF-LMF: TAMF-LMF= 1-10ms


	Step 6 NRPPa Request UE SRS activation
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NRPPa 
Processing delays: 9 ms
-	gNB: TgNBProc-NRPPa= 3ms
-	AMF: TAMFProc= 3ms
-	LMF: TLMFProc= 3ms
Signalling delay:4-20ms
-	gNB-AMF: TgNB-AMF= 3-10ms
-	AMF-LMF: TAMF-LMF= 1-10ms


	Step 7 MAC Activate UE SRS transmission
	1-3.5
	TUE-gNB +TUEProc-MAC-SRSAct
Processing delays: 13ms
-	UE: 
               TUEProc-MAC-SRSAct = 1-3ms 
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB= 0-0.5ms


	Step 8 NRPPa Request UE SRS activate Response
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NRPPa
Processing delays: 9 ms
-	gNB: TgNBProc-NRPPa= 3ms
-	AMF: TAMFProc= 3ms
-	LMF: TLMFProc= 3ms
Signalling delay:4-20ms
-	gNB-AMF: TgNB-AMF= 3-10ms
-	AMF-LMF: TAMF-LMF= 1-10ms


	Step 9 NRPPa MEASUREMENT REQUEST
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NRPPa
Processing delays: 9 ms
-	gNB: TgNBProc-NRPPa= 3ms
-	AMF: TAMFProc= 3ms
-	LMF: TLMFProc= 3ms
Signalling delay:4-20ms
-	gNB-AMF: TgNB-AMF= 3-10ms
-	AMF-LMF: TAMF-LMF= 1-10ms


	Step 10 LPP Provide Assistance Data
	28-44.5
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP +TUE-gNB+ 
TUEProc-RRCDLInfo+ TUEProc-LPPAssi
Processing delays: 24ms
-	UE: 
              TUEProc-RRCDLInfo= 5ms
              TUEProc-LPPAssi= 10ms
-	gNB: TgNBProc-NAS/LPP= 3ms
-	AMF: TAMFProc= 3ms
-	LMF: TLMFProc= 3ms
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB= 0-0.5ms
-	gNB-AMF: TgNB-AMF= 3-10ms
-	AMF-LMF: TAMF-LMF= 1-10ms


	Step 11 LPP Request Location Information
	23-39.5
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP +TUE-gNB+ 
TUEProc-RRCDLInfo+ TUEProc-LPPLocationRe
Processing delays: 19ms
-	UE: 
              TUEProc-RRCDLInfo= 5ms
              TUEProc-LPPLocationRe = 5ms
-	gNB: TgNBProc-NAS/LPP= 3ms
-	AMF: TAMFProc= 3ms
-	LMF: TLMFProc= 3ms
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB= 0-0.5ms
-	gNB-AMF: TgNB-AMF= 3-10ms
-	AMF-LMF: TAMF-LMF= 1-10ms


	Step 12 RRC Location Measurement Indication
	5-8.5
	TUEProc-RRCLocationMeas + TUE-gNB+ TgNBProc-RRC
Processing delays: 5-8ms
-	UE: 
              TUEProc-RRCLocationMeas = 2-5ms
-	gNB: TgNBProc-RRC= 3ms
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB= 0-0.5ms


	Step 13 RRC Measurement Gap configuration
	13-13.5
	TgNBProc-RRC+ TUE-gNB+ TUEProc-RRCReconf
Processing delays: 13ms
-	UE: 
              TUEProc-RRCReconf = 10ms
-	gNB: TgNBProc-RRC= 3ms
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB= 0-0.5ms


	Step 14 a DL PRS measurement
	TUE-measc  
	RAN1 inputs


	Step 14 b UL SRS measurement
	TgNB-measc  
	RAN1 inputs


	Step 15 LPP Provide Location Information
	20-39.5
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP +TUE-gNB+ 
TUEProc-RRCULInfo+ TUEProc-LPPLocationRe
Processing delays: 16-19ms
-	UE: 
               TUEProc-RRCULInfo= 2-5ms
               TUEProc-LPPLocationRe= 5ms
-	gNB: TgNBProc-NAS/LPP= 3ms
-	AMF: TAMFProc= 3ms
-	LMF: TLMFProc= 3ms
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB= 0-0.5ms
-	gNB-AMF: TgNB-AMF= 3-10ms
-	AMF-LMF: TAMF-LMF= 1-10ms


	Step 16 NRPPa MEASUREMENT RESPONSE
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NRPPa
Processing delays: 9 ms
-	gNB: TgNBProc-NRPPa= 3ms
-	AMF: TAMFProc= 3ms
-	LMF: TLMFProc= 3ms
Signalling delay:4-20ms
-	gNB-AMF: TgNB-AMF= 3-10ms
-	AMF-LMF: TAMF-LMF= 1-10ms


	Step 17 LMF calculation
	2-30
	TLMF-Calc
LMF calculation/estimation delay: 2-30
TLMF-Calc



	Total values 
	246-455
	Note 1: TUE-measc and TgNB-measc  are not counted;
Note 2: DL PRS related procedure may be performed in parallel with UL SRS related procedure, and therefore we may only count the delay caused by DL PRS related procedure, i.e. similar to the latency of DL-TDOA/DL-AoD




Based on above table, we could see:
1 LPP capability exchange (step 1, 2): 33-88.5 ms
2 SRS configuration+activation (step 3-8): 66- 133ms
3 SRS measurement request (step 9): 13-29 ms 
· Processing delays: 9 ms
· gNB: TgNBProc-NRPPa= 3ms
· AMF: TAMFProc= 3ms
· LMF: TLMFProc= 3ms
· Signalling delay:4-20ms
· gNB-AMF: TgNB-AMF= 3-10ms
· AMF-LMF: TAMF-LMF= 1-10ms
4 LPP assistance data (step 11): 28-44.5 ms
5 LPP location request (step 12):23-39.5 ms
· Processing delays: 19ms
· UE: 
· TUEProc-RRCDLInfo= 5ms
· TUEProc-LPPLocationRe = 5ms
· gNB: TgNBProc-NAS/LPP= 3ms
· AMF: TAMFProc= 3ms
· LMF: TLMFProc= 3ms
· Signalling delay:4-20.5ms
· UE-gNB: TUE-gNB= 0-0.5ms
· gNB-AMF: TgNB-AMF= 3-10ms
· AMF-LMF: TAMF-LMF= 1-10ms
6 Measurement Gap (step 13-14): 18-22ms
7 LPP UE provide measurements (step 16):20-39.5ms
· Processing delays: 16-19ms
· UE: 
· TUEProc-RRCULInfo= 2-5ms
· TUEProc-LPPLocationRe= 5ms
· gNB: TgNBProc-NAS/LPP= 3ms
· AMF: TAMFProc= 3ms
· LMF: TLMFProc= 3ms
· Signalling delay:4-20.5ms
· UE-gNB: TUE-gNB= 0-0.5ms
· gNB-AMF: TgNB-AMF= 3-10ms
· AMF-LMF: TAMF-LMF= 1-10ms
8 gNB provide measurements (step 17): 13-29 ms
· Processing delays: 9 ms
· gNB: TgNBProc-NRPPa= 3ms
· AMF: TAMFProc= 3ms
· LMF: TLMFProc= 3ms
· Signalling delay:4-20ms
· gNB-AMF: TgNB-AMF= 3-10ms
· AMF-LMF: TAMF-LMF= 1-10ms
9 LMF calculation: 2-30ms
Obviously, the total E2E latency cannot meet the Rel-17 requirement. To reduce the latency, we need to consider to reduce the procedure, and also skip nodes in order to reduce the processing delay/transmission delay. 
The following solutions can be considered for latency reduction of NR positioning solutions from RAN2 perspective (some of them are also proposed in [2]):
1. [bookmark: _Hlk53916732]Skip the capability procedure (can reduce the latency caused by 1 as above)
2. Pre-configuration and minimization of DL/UL transactions (can reduce the latency caused by 2, 4 as above)
a. DL PRS assistance information can be pre-configured to UE. Multiple DL PRS configurations can be associated with DL PRS configuration ID and activated when necessary
b. SRS for positioning configuration information can be pre-configured to UE. Multiple configurations of SRS for positioning can be associated with SRS for positioning configuration ID and activated when necessary
3. Measurement gaps (MG) optimizations (can reduce the latency caused by 6 as above)
a. MG-less operation - UE may operate w/o measurement gaps to process DL PRS
b. Support of semi-persistent a-periodic MGs, their pre-configuration and association with MG configuration ID
4. Reduce the number of hops between gNB, AMF and LMF, e.g. Local NR positioning in NG-RAN (To reduce the latency caused by the transmission/processing from AMF/LMF, i.e. only gNB is shown in the positioning);
Some of listed above enhancements (2, 3) have overlap in terms of scope with RAN WG1 and thus need to be jointly considered with RAN WG1. The updated procedure is shown as below:

	

	

	


	DL-TDOA
	UL-TDOA
	Multi-RTT


Figure 1: Low latency procedures for NR UE-assisted positioning (DL-TDOA, UL-TDOA, Multi-RTT)
In order to perform latency analysis for enhanced NR positioning solutions, we use the following assumptions:
● gNB is collocated with LMF, and SRS measurement is done in the gNB, and therefore SRS measurement (step 9/17) is not needed, and the processing delay/transmission delay related to AMF/LMF are not needed; 
3 SRS measurement request (step 9): 13-29 ms 
· Processing delays: 9 ms
· gNB: TgNBProc-NRPPa= 3ms
· AMF: TAMFProc= 3ms
· LMF: TLMFProc= 3ms
· Signalling delay:4-20ms
· gNB-AMF: TgNB-AMF= 3-10ms
· AMF-LMF: TAMF-LMF= 1-10ms
5 LPP location request (step 12):13-13.5 ms
· Processing delays: 13ms
· UE: 
· TUEProc-RRCDLInfo= 5ms
· TUEProc-LPPLocationRe = 5ms
· gNB: TgNBProc-NAS/LPP= 3ms
· AMF: TAMFProc= 3ms
· LMF: TLMFProc= 3ms
· Signalling delay:0-0.5ms
· UE-gNB: TUE-gNB= 0-0.5ms
· gNB-AMF: TgNB-AMF= 3-10ms
· AMF-LMF: TAMF-LMF= 1-10ms
7 LPP UE provide measurements (step 16):10-13.5ms
· Processing delays: 10-13ms
· UE: 
· TUEProc-RRCULInfo= 2-5ms
· TUEProc-LPPLocationRe= 5ms
· gNB: TgNBProc-NAS/LPP= 3ms
· AMF: TAMFProc= 3ms
· LMF: TLMFProc= 3ms
· Signalling delay:0-0.5ms
· UE-gNB: TUE-gNB= 0-0.5ms
· gNB-AMF: TgNB-AMF= 3-10ms
· AMF-LMF: TAMF-LMF= 1-10ms
8 gNB provide measurements (step 17): 13-29 ms
· Processing delays: 9 ms
· gNB: TgNBProc-NRPPa= 3ms
· AMF: TAMFProc= 3ms
· LMF: TLMFProc= 3ms
· Signalling delay:4-20ms
· gNB-AMF: TgNB-AMF= 3-10ms
· AMF-LMF: TAMF-LMF= 1-10ms
9 LMF calculation: 2-30ms
[bookmark: _GoBack]Then the minimum delay could be 25+ UE measurement time (UE measurement time is not counted). 
Proposal: To reduce the latency, following enhancement directions are considered in WI phase:
· Skip the capability procedure (can reduce the latency caused by exchange of capability as above)
· Pre-configuration and minimization of DL/UL transactions (can reduce the latency caused by SRS/PRS configuration)
· DL PRS assistance information can be pre-configured to UE. Multiple DL PRS configurations can be associated with DL PRS configuration ID and activated when necessary
· SRS for positioning configuration information can be pre-configured to UE. Multiple configurations of SRS for positioning can be associated with SRS for positioning configuration ID and activated when necessary
· Measurement gaps (MG) optimizations (can reduce the latency caused by measurement gap request procedure)
· MG-less operation - UE may operate w/o measurement gaps to process DL PRS
· Support of semi-persistent a-periodic MGs, their pre-configuration and association with MG configuration ID
· Reduce the number of hops between gNB, AMF and LMF, e.g. Local NR positioning in NG-RAN (To reduce the latency caused by the transmission/processing from AMF/LMF, i.e. only gNB is shown in the positioning);


1. Conclusion
Based on the discussion, we have following proposals:
Proposal: To reduce the latency, following enhancement directions are considered in WI phase:
· Skip the capability procedure (can reduce the latency caused by exchange of capability as above)
· Pre-configuration and minimization of DL/UL transactions (can reduce the latency caused by SRS/PRS configuration)
· DL PRS assistance information can be pre-configured to UE. Multiple DL PRS configurations can be associated with DL PRS configuration ID and activated when necessary
· SRS for positioning configuration information can be pre-configured to UE. Multiple configurations of SRS for positioning can be associated with SRS for positioning configuration ID and activated when necessary
· Measurement gaps (MG) optimizations (can reduce the latency caused by measurement gap request procedure)
· MG-less operation - UE may operate w/o measurement gaps to process DL PRS
· Support of semi-persistent a-periodic MGs, their pre-configuration and association with MG configuration ID
· Reduce the number of hops between gNB, AMF and LMF, e.g. Local NR positioning in NG-RAN (To reduce the latency caused by the transmission/processing from AMF/LMF, i.e. only gNB is shown in the positioning);
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