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1. 	Introduction
At RAN2#111-e, the following agreement was made [1]:
"RAN2 to study positioning in idle/inactive mode, on-demand PRS and latency analysis in the study phase."
Further, RAN1 made the following agreement at RAN1#102-e [2]:
"RAN1 evaluates physical layer latency and its potential reduction for NR Rel-17 positioning solutions. In order to evaluate End-To-End latency of NR positioning solutions the input from RAN2 is needed on latency components of NR/NG-RAN/5GC higher layer positioning protocols. RAN1 respectfully asks if RAN2 can provide a list of latency components with corresponding range of values for the existing and any potential enhanced NR positioning solutions, keeping in mind the End-To-End latency described as desired in the study item description (RP-200928 [3]). (LS in R1-2007264 [4])"
In this contribution, we provide an end-to-end latency analysis for NR positioning solutions and propose possible enhancements to reduce latency.

2. 	Discussion
Use cases associated with very high location accuracy typically also have very low latency requirements due to a rapid deterioration in location accuracy for a moving object. For example, even at only 6 km/h (normal walking speed), an object would move about 1.8 metres in 1 second, thereby nullifying the benefit of 1 metre location accuracy after less than 1 second. The target latency requirements for this SI were set to < 100 ms; for some IIoT use cases, latency in the order of 10 ms is desired [3]. 
Positioning latency is defined in TS 22.261 [5] as follows: 
Positioning service latency: 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.

2.2	Factors constituting positioning latency
Figure 1 shows the reference architecture for Location Services in reference point representation as defined in TS 23.273 [6]. 
A positioning operation generally comprise the following main steps (TS 38.305 [7]):
(a)	Sending a location request to a location server (LS), e.g. LMF or NG-RAN LMC (Location Management Component (TR 38.856 [8]));
(b)	providing the DL-PRS and UL-PRS information for the UL, DL or UL+DL NR positioning methods to the target;
(c)	scheduling the measurements from the UE and/or gNBs/TRPs;
(d)	waiting for DL-PRS or UL-PRS transmission to be sent;
(e)	obtaining the measurements of DL-PRS (in the UE) or UL-PRS (in gNBs/TRPs);
(f)	sending the measurements to the LS (UE-assisted) or UE (UE-based);
(g)	calculating the location;
(h)	sending the location to the client.
Therefore, the positioning service latency as defined above contains two major components: a "component A" comprising time delay prior to completion of location measurements ((a)-(d)) and a "component B" comprising delay to convert the location measurements into a location estimate and deliver this to a client ((e)-(h)). 
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Figure 1: Non-roaming architecture for Location Services in reference point representation.
An architecture variant to better support "component A" and "component B" above was proposed in [9] and is shown in Figure 2. The LMF would be responsible for "component A", i.e., preparing the target device and NG-RAN for location measurements in advance similar to Rel-16 LCS. However, the responsibility for "component B" is moved to the NG-RAN by performing the steps required for "component B" in a RAN LS, referred to as "Location Server Surrogate" (LSS) in [9]. The LSS would perform the positioning operation and provide the location estimate to the external client via user plane (UP).
The split between LMF (for "component A") and LSS (for "component B") can be applicable to any type of location requests; e.g., MT-LR, MO-LR, or deferred MT-LR for periodic or triggered events. For example, the procedures for "component A" can be performed in advance of when it is needed. A location request for an MT-LR or MO-LR can include a time T of when the location is required. The LMF would then perform the procedures required for "component A" before the time T. This reduces new impacts by retaining a 5GCN LMF for location coordination and management prior to time T and minimizes the latency for "component B". 
A very small latency for "component B" would allow a client to treat a location estimate as current as there would be little time for location degradation due to movement of the target UE. This could be important for real time applications where a location estimate determines some subsequent action (e.g. such as a command to move or stop a robotic factor tool or package in a warehouse). "Component A" concerns the delay between requesting or triggering a location and obtaining the location which may also be important in an automated factory or warehouse.
A possible Rel-16 procedure for splitting the operation into a "component A" and a "component B" would be the Deferred MT-LR for periodic and triggered events specified for commercial location services in [6]. For many (I)IoT applications regular UE location updates may be required, either periodically or when a certain event happens (events in Rel-16 comprise periodic, change of area, and UE movement by more than some threshold straight line distance [6]).  
Therefore, in this contribution we focus on the Deferred MT-LR for periodic and triggered events in our analysis. However, the end-to-end latency values derived would be equally or similar applicable for an e.g., MO-LR or MT-LR when the procedures for "component A" are performed in advance.
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Figure 2: Enhanced architecture for Location Services using LSS in reference point representation.


3. 	Latency components and values used for evaluation
3.1	Latency components for individual operations
During the email discussion [10], latency assumptions for different processing stages and nodes were derived. These latencies include processing delays of the various involved nodes (UE, gNB, AMF, LMF) and signalling delays between nodes.
Table 1 below summarizes the latency assumptions for the various components, as proposed in [10]. Additional components not considered in [10] for analysing Deferred MT-LR latencies and enhancements proposed in this contribution are required which are indicated in the Table 1 (by omitting the reference to [10]).
Table 1: 	Latency Components.	
	Label
	Latency 
[ms]
	Description

	 Processing Latencies

	TUEProc-RRCReconf
	10
	[10]; RRC Reconfiguration processing

	TUEProc-RRCDLInfo
	5
	[10]; RRC DL information transfer 

	TUEProc-RRCULInfo
	2-5
	[10]; RRC UL information transfer

	TUEProc-RRCLocationMeas
	2-5
	[10]; RRC Location Measurement Indication

	TUEProc-LPPCapab
	10-20
	[10]; LPP Provide Capabilities

	TUEProc-LPPAssi
	10
	[10]; LPP Provide Assistance Data

	TUEProc-LPPLocationRe
	5
	[10]; LPP Request/Provide Location Information

	TUEProc-MAC-SRSAct
	1-3
	[10]; MAC-CE SRS Activation/Deactivation

	TUEProc-Event
	1-3
	UE Processing of LCS Event Reports

	TgNBProc-RRC
	3
	[10]; RRC Processing

	TgNBProc-NRPPa
	3
	[10]; NRPPa Processing

	TgNBProc-NAS/LPP
	3
	[10]; NAS/LPP Processing

	TgNBProc-NAS/LCS
	3
	NAS/LCS message Processing

	TRRCconnect
	15
	Transition from RRC Inactive to Connected state. 11.3 ms – 18.5 ms dependent on configuration/deployment (TR 37.910 [17]). Assume an "average" value.

	TAMFProc
	3
	[10]; AMF Processing

	TLMFProc
	3
	[10]; LMF Processing

	TGMLCProc
	3
	GMLC Processing

	Signalling Propagation Delays between Nodes

	TUE-gNB
	0-0.5
	[10]

	TgNB-AMF
	3-10
	[10]

	TAMF-LMF
	1-10
	[10]

	TAMF-GMLC
	3-10
	[10]

	TLMF-GMLC
	3-10
	Signalling between LMF and GMLC

	TGMLC-Client
	3-10
	Signalling between GMLC and Client

	TgNB-gNB
	1-3
	Signalling between gNBs

	TLCS-Resp-UP
	1-3
	UP Signalling to client

	Positioning Measurement Latencies

	TLMF-Calc
	2-30
	[10] Position Calculation latency

	TDL-Meas
	22
	PHY DL-PRS measurement time; best possible case [11].

	TUL-Meas
	22
	PHY UL-PRS measurement time; assume the same value as for DL-PRS.



3.2	Latency for composite operations
Using the latency components summarized in Table 1, the latencies for composite operations such as end-to-end signalling for a LPP message etc. can be derived (in agreement with the summary in [10]). The latencies for the composite operations required for the analysis in section 4 are summarized in the following subsections.
3.2.1	Latency for LPP DL Signalling


LPP Request Capabilities
	Label
	Delay Component
	Delay Value
[ms]
using LMF 
	Delay Value
[ms]
using LSS

	TLPP-ReqCap
	TLMFProc
	3
	3

	
	TAMF-LMF
	1-10
	-

	
	TAMFProc
	3
	-

	
	TgNB-AMF
	3-10
	-

	
	TgNBProc-NAS/LPP
	3
	3

	
	TUE-gNB
	0-0.5
	0-0.5

	
	TUEProc-RRCDLInfo
	5
	5

	
	Total:
	18-34.5
	11-11.5



LPP Provide Assistance Data
	Label
	Delay Component
	Delay Value
[ms]
using LMF 
	Delay Value
[ms]
using LSS

	TLPP-PAD
	TLMFProc
	3
	3

	
	TAMF-LMF
	1-10
	-

	
	TAMFProc
	3
	-

	
	TgNB-AMF
	3-10
	-

	
	TgNBProc-NAS/LPP
	3
	3

	
	TUE-gNB
	0-0.5
	0-0.5

	
	TUEProc-RRCDLInfo
	5
	5

	
	TUEProc-LPPAssi
	10
	10

	
	Total:
	28-44.5
	21-21.5



LPP Request Request Location Information
	Label
	Delay Component
	Delay Value
[ms]
using LMF 
	Delay Value
[ms]
using LSS

	TLPP-RLI
	TLMFProc
	3
	3

	
	TAMF-LMF
	1-10
	-

	
	TAMFProc
	3
	-

	
	TgNB-AMF
	3-10
	-

	
	TgNBProc-NAS/LPP
	3
	3

	
	TUE-gNB
	0-0.5
	0-0.5

	
	TUEProc-RRCDLInfo
	5
	5

	
	TUEProc-LPPLocationRe
	5
	5

	
	Total:
	23-39.5
	16-16.5



3.2.2	Latency for LPP UL Signalling


LPP Provide Capabilities
	Label
	Delay Component
	Delay Value
[ms]
using LMF 
	Delay Value
[ms]
using LSS

	TLPP-ProCap
	TUEProc-LPPCapab
	10-20
	10-20

	
	TUEProc-RRCULInfo
	2-5
	2-5

	
	TUE-gNB
	0-0.5
	0-0.5

	
	TgNBProc-NAS/LPP
	3
	3

	
	TgNB-AMF
	3-10
	-

	
	TAMFProc
	3
	-

	
	TAMF-LMF
	1-10
	-

	
	TLMFProc
	3
	3

	
	Total:
	25-54.5
	18-31.5



LPP Provide Location Information
	Label
	Delay Component
	Delay Value
[ms]
using LMF 
	Delay Value
[ms]
using LSS

	TLPP-PLI
	TUEProc-LPPLocationRe
	5
	5

	
	TUEProc-RRCULInfo
	2-5
	2-5

	
	TUE-gNB
	0-0.5
	0-0.5

	
	TgNBProc-NAS/LPP
	3
	3

	
	TgNB-AMF
	3-10
	-

	
	TAMFProc
	3
	-

	
	TAMF-LMF
	1-10
	-

	
	TLMFProc
	3
	3

	
	Total:
	20-39.5
	13-16.5



3.2.3	Latency for NRPPa DL Signalling


	Label
	Delay Component
	Delay Value
[ms]
using LMF 

	TDL-NRPPa
	TLMFProc
	3

	
	TAMF-LMF
	1-10

	
	TAMFProc
	3

	
	TgNB-AMF
	3-10

	
	TgNBProc-NRPPa
	3

	
	Total:
	13-29



3.2.4	Latency for NRPPa UL Signalling


	Label
	Delay Component
	Delay Value
[ms]
using LMF 

	TUL-NRPPa
	TgNBProc-NRPPa
	3

	
	TgNB-AMF
	3-10

	
	TAMFProc
	3

	
	TAMF-LMF
	1-10

	
	TLMFProc
	3

	
	Total:
	13-29



3.2.5	Latency for measurement gap request and configuration


	Label
	Delay Component
	Delay Value
[ms]

	TGapConfig
	TUEProc-RRCLocationMeas
	2-5

	
	TUE-gNB
	0-0.5

	
	TgNBProc-RRC
	3

	
	TgNBProc-RRC
	3

	
	TUE-gNB
	0-0.5

	
	TUEProc-RRCReconf
	10

	
	Total:
	18-22



3.2.6	Latency for SRS configuration


	Label
	Delay Component
	Delay Value
[ms]

	TSRSConfig
	TgNBProc-RRC
	3

	
	TUE-gNB
	0-0.5

	
	TUEProc-RRCReconf
	10

	
	Total:
	13-13.5



3.2.7	Latency for MAC SRS activation


	Label
	Delay Component
	Delay Value
[ms]

	TMAC-SRS
	TUE-gNB
	0-0.5

	
	TUEProc-MAC-SRSAct
	1-3

	
	Total:
	1-3.5



3.2.8	Latency for XnAP DL Signalling


	Label
	Delay Component
	Delay Value
[ms]
using LSS

	TDL-XnAP
	TLMFProc
	3

	
	TgNB-gNB
	1-3

	
	TgNBProc-NRPPa
	3

	
	Total:
	7-9



3.2.9	Latency for XnAP UL Signalling


	Label
	Delay Component
	Delay Value
[ms]
using LSS

	TUL-XnAP
	TgNBProc-NRPPa
	3

	
	TgNB-gNB
	1-3

	
	TLMFProc
	3

	
	Total:
	7-9



3.2.10	Latency for SS LCS Event Report Signalling


	Label
	Delay Component
	Delay Value
[ms]
using LMF 
	Delay Value
[ms]
using LSS

	TLCS-Event-Rep
	TUEProc-Event
	1-3
	1-3

	
	TUEProc-RRCULInfo
	2-5
	2-5

	
	TUE-gNB
	0-0.5
	0-0.5

	
	TgNBProc-NAS/LCS
	3
	3

	
	TgNB-AMF
	3-10
	-

	
	TAMFProc
	3
	-

	
	TAMF-LMF
	1-10
	-

	
	TLMFProc
	3
	3

	
	Total:
	16-37.5
	9-14.5



3.2.11	Latency for SS LCS Event Report Acknowledegment Signalling


	Label
	Delay Component
	Delay Value
[ms]
using LMF 
	Delay Value
[ms]
using LSS

	TLCS-Event-Ack
	TLMFProc
	3
	3

	
	TAMF-LMF
	1-10
	-

	
	TAMFProc
	3
	-

	
	TgNB-AMF
	3-10
	-

	
	TgNBProc-NAS/LCS
	3
	3

	
	TUE-gNB
	0-0.5
	0-0.5

	
	TUEProc-RRCDLInfo
	5
	5

	
	TUEProc-Event
	1-3
	1-3

	
	Total:
	19-37.5
	12-14.5



3.2.12	Latency for Nlmf LCS Event Notification Signalling


	Label
	Delay Component
	Delay Value
[ms]
using LMF 

	TLCS-Event-Notify
	TLMFProc
	3

	
	TLMF-GMLC
	3-10

	
	Total:
	6-13



3.2.13	Latency for LCS Service Response Signalling


	Label
	Delay Component
	Delay Value
[ms]
using LMF 

	TLCS-Resp
	TGMLCProc
	3

	
	TGMLC-Client
	3-10

	
	Total:
	6-13




4. 	Latency Analysis
4.1	Baseline Positioning Procedures
In this section, we summarize the latency for the baseline UE positioning procedures as described in TS 38.305 [7]. Figure 3 shows the general UL+DL positioning procedure for Multi-RTT positioning. DL-only positioning (DL-TDOA, DL-AoA) and UL-only positioning (UL-TDOA, UL-AoA) procedures can then be derived from omitting the not required steps for the respective method.
Figure 3 summarizes the baseline UE Positioning Procedure (UL+DL) with LMF, and Figure 4 summarizes the baseline UE positioning procedure (UL+DL) assuming an LMC in the RAN [8].
Tables 2 ,3, and 4 summarize the latency for UL+DL positioning (Multi-RTT), UL-only positioning (UL-TDOA, UL-AoA), and DL-only positioning (DL-TDOA, DL-AoA) using the latency assumptions from Section 3. As can be seen, the latencies for the positioning procedures can be reduced significantly in case location server functionality resides in the gNB.

Observation 1:	Location Server functionality in the RAN (e.g., LMC) could reduce the positioning procedure latency significantly. With the given assumptions, the improvements can be:
for UL+DL methods: 40% - 55%;
for UL-only methods: 50% - 61%;
for DL-only methods: 23% - 41%.


[image: ]
Figure 3: Baseline UL+DL Positioning Procedure with LMF.

[image: ]
Figure 4: Baseline UL+DL Positioning Procedure with LMC.

Table 2: Latency Summary for Baseline UL+DL Positioning.
	Step
	Delay Component
	Delay Value
[ms]
using LMF
	Delay Value
[ms]
using LMC
	Comment

	1.
	LPP Request Capabilities
	TLPP-ReqCap
	18-34.5
	11-11.5
	

	2.
	LPP Provide Capabilities
	TLPP-ProCap
	25-54.5
	18-31.5
	

	3.
	NRPPa Positioning Information Request
	TDL-NRPPa
	13-29
	-
	

	4.
	SRS Configuration
	TSRSConfig
	13-13.5
	13-13.5
	

	5.
	NRPPa Positioning Information Response
	TUL-NRPPa
	13-29
	-
	

	6.
	NRPPa Positioning Activation Request
	TDL-NRPPa
	13-29
	-
	

	7.
	MAC-CE SRS Activation
	TMAC-SRS
	1-3.5
	1-3.5
	

	8.
	NRPPa Positioning Activation Response
	TUL-NRPPa
	13-29
	-
	

	9.
	NRPPa Measurement Request
	TDL-NRPPa
	0
	-
	Not counted for UL+DL since steps can be performed in parallel (e.g., with LPP signalling)

	9.
	NRPPa Measurement Request
	TDL-XnAP
	-
	0
	

	10.
	LPP Provide Assistance Data
	TLPP-PAD
	28-44.5
	21-21.5
	

	11.
	LPP Request Location Information
	TLPP-RLI
	23-39.5
	16-16.5
	

	12.
	Measurement gap configuration
	TGapConfig
	18-22
	18-22
	

	13a.
	DL Measurements
	TDL-Meas
	22
	22
	PHY measurement time; best possible case [11].

	13b.
	UL Measurements
	TUL-Meas
	0
	0
	Performed in parallel with DL measurements

	14.
	LPP Provide Location Information
	TLPP-PLI
	20-39.5
	13-16.5
	

	15.
	NRPPa Measurement Response
	TUL-NRPPa
	0
	-
	Not counted for UL+DL since steps can be performed in parallel (e.g., with LPP signalling)

	15.
	NRPPa Measurement Response
	TUL-XnAP
	-
	0
	

	16.
	Position Calculation
	TLMF-Calc
	2-30
	2-30
	

	17.
	NRPPa Positioning Deactivation
	TDL-NRPPa
	0
	-
	Not counted, since steps can be performed in parallel with other steps (e.g., reporting to client)

	18.
	MAC-CE Deactivation
	TMAC-SRS
	0
	0
	

	Total:
	222-419.5
	135-188.5
	



Table 3: Latency Summary for Baseline UL-only Positioning.
	Step
	Delay Component
	Delay Value
[ms]
using LMF
	Delay Value
[ms]
using LMC
	Comment

	1.
	LPP Request Capabilities
	TLPP-ReqCap
	18-34.5
	11-11.5
	

	2.
	LPP Provide Capabilities
	TLPP-ProCap
	25-54.5
	18-31.5
	

	3.
	NRPPa Positioning Information Request
	TDL-NRPPa
	13-29
	-
	

	4.
	SRS Configuration
	TSRSConfig
	13-13.5
	13-13.5
	

	5.
	NRPPa Positioning Information Response
	TUL-NRPPa
	13-29
	-
	

	6.
	NRPPa Positioning Activation Request
	TDL-NRPPa
	13-29
	-
	

	7.
	MAC-CE SRS Activation
	TMAC-SRS
	1-3.5
	1-3.5
	

	8.
	NRPPa Positioning Activation Response
	TUL-NRPPa
	13-29
	-
	

	9.
	NRPPa Measurement Request
	TDL-NRPPa
	13-29
	-
	

	9.
	NRPPa Measurement Request
	TDL-XnAP
	-
	7-9
	

	13b.
	UL Measurements
	TUL-Meas
	22
	22
	Assume the same value as for DL-PRS

	15.
	NRPPa Measurement Response
	TUL-NRPPa
	13-29
	-
	

	15.
	NRPPa Measurement Response
	TUL-XnAP
	-
	7-9
	

	16.
	Position Calculation
	TLMF-Calc
	2-30
	2-30
	

	17.
	NRPPa Positioning Deactivation
	TDL-NRPPa
	0
	-
	Not counted, since steps can be performed in parallel with other steps (e.g., reporting to client)

	18.
	MAC-CE Deactivation
	TMAC-SRS
	0
	0
	

	Total:
	159-332
	81-130
	




Table 4: Latency Summary for Baseline DL-only Positioning.
	Step
	Delay Component
	Delay Value
[ms]
using LMF
	Delay Value
[ms]
using LMC
	Comment

	1.
	LPP Request Capabilities
	TLPP-ReqCap
	18-34.5
	11-11.5
	

	2.
	LPP Provide Capabilities
	TLPP-ProCap
	25-54.5
	18-31.5
	

	10.
	LPP Provide Assistance Data
	TLPP-PAD
	28-44.5
	21-21.5
	

	11.
	LPP Request Location Information
	TLPP-RLI
	23-39.5
	16-16.5
	

	12.
	Measurement gap configuration
	TGapConfig
	18-22
	18-22
	

	13a.
	DL Measurements
	TDL-Meas
	22
	22
	PHY measurement time; best possible case [11].

	14.
	LPP Provide Location Information
	TLPP-PLI
	20-39.5
	13-16.5
	

	16.
	Position Calculation
	TLMF-Calc
	2-30
	2-30
	

	Total:
	156-286.5
	121-171.5
	



4.2	Deferred MT-LR
4.2.1	Procedure Description
The Deferred MT-LR procedure is specified in TS 23.273 [6], section 6.3, and summarized in Figures 5 and 6 below. As mentioned in section 2 above, the overall procedure can be split into two main parts:
(a)	Location Preparation Procedure, which processes the client request and configures the UE for triggered or periodic event reporting; and
(b)	the Event Detection and Reporting procedure, which  provides the location estimates to the client once a trigger event occurred (e.g., periodic timer expiry).
Part (a) of the procedure is delay tolerant, since only exectuted once and in advance (before the event detection and reporting occurs), and therefore, does not need to be considered in the latency analysis.
Part (b) of the procedure is delay sensitive and determines the latency a client experiences in receiving the location reports. Step 23 of the Event Detection and Reporting procedure in Figure 6 is typically the baseline positioning procedure summarized in section 4.1 above.
Therefore, with regard to the positioning service latency defined in section 2, the "event that triggers the determination of the position-related data" for a deferred MT-LR would be the event that triggers the location measurements at the UE (e.g., a (periodic) timer expiry, etc.).
5

A.	Location Preparation Procedure (and UE available Event) – Delay Tolerant  (TS 23.273 [6], section 6.3)
	

	
1. 	The external LCS client or the AF (via NEF) sends a request to the (H)GMLC for location reporting for periodic, triggered or UE available location events. 
2.	The (H)GMLC may verify UE privacy requirements.
3.	The (H)GMLC queries the UDM for the AMF address (and, in the case of roaming, a VGMLC address).
4.	The GMLC sends the location request to the serving AMF (via the V-GMLC in case of roaming).
5.-6.	The AMF returns an acknowledgment to the external LCS client, via the GMLC, indicating that the request was accepted. 
7.	If the UE is not currently reachable (e.g. is using eDRX or PSM), the AMF waits for the UE to become reachable.
8. 	If the UE is then in CM IDLE state, the AMF initiates a network triggered Service Request procedure to establish a signalling connection with the UE.
9-10. The AMF notifies the UE of the location request and verifies privacy requirements if required.
11. 	The AMF selects an LMF
12. 	The AMF initiates a request for deferred UE location (periodic or 	triggered location). 
13. 	The LMF may perform a positioning procedure. During this step, the LMF may obtain the UE positioning capabilities and may also obtain an (initial) UE location.
14.-15. If periodic or triggered location was requested, the LMF sends a SS LCS Periodic-Triggered Invoke Request to the UE including the location request information which may include an embedded LPP PDU which indicates certain allowed or required location measurements. If the request can be supported, the UE returns a SS acknowledgment to the LMF.
16.-18. The LMF provides the response to the external LCS client or AF (via the NEF), via intermediate network entities. The response indicates whether periodic or triggered location was successfully activated in the UE. (If the location request at step 1 was for the UE available location event, the procedure would terminate here.) 


Figure 5: Location Preparation Procedure for Deferred MT-LR.
B.	Event Detection and Reporting – Delay Sensitive (TS 23.273 [6], section 6.3)
Prerequisite:	UE stays in RRC_INACTIVE (and therefore, CM_CONNECTED) State after Step 15.

	

	


19. 	The UE monitors for occurrence of the trigger or periodic event.
20. 	The UE transitions to RRC_CONNECTED.
21. 	The UE sends a SS event report message [12], [13] to the LMF which is transferred via the serving AMF and is delivered to the LMF using an Namf_Communication_N1MessageNotify service operation. The event report indicates the type of event being reported.
22. 	The LMF returns a SS acknowledgment [12], [13] for the event report to the UE.
23. 	The LMF performs one or more positioning procedures (e.g., Figure 3 above).
24.-25. The LMF sends the location estimate to the external LCS client or AF (via the NEF).
26. 	The NW moves the UE to RRC_INACTIVE state (not part of positioning latency).
27. 	The UE continues to monitor for further periodic or trigger events as in step 19 and instigates steps 20-25 each time a trigger event is detected.
	


Figure 6: Event Detection and Reporting Procedure for Deferred MT-LR.

4.2.2	Latency for Deferred MT-LR Event Reporting
The baseline latency for the Event Reporting procedure in Figure 6 is summarized in Table 5 below. Note, these latencies are end-to-end latencies and include also the assumed PHY measurement time (see Table 1).

Table 5: Latency for Deferred MT-LR Event Reporting using the Baseline Positioning Procedures.
	Step
	Delay Component
	Delay Value [ms]
	Reference

	20.
	Transition to RRC CONNECTED
	[bookmark: _Hlk50613116]TRRCconnect
	15
	Table 1

	21.
	LCS Event Report
	TLCS-Event-Rep
	16-37.5
	Sec. 3.2.10

	22.
	LCS Event Report Acknowledgement
	TLCS-Event-Ack
	19-37.5
	Sec. 3.2.11

	23.
	UE Positioning
	UL+DL
	222-419.5
	Table 2

	
	
	UL-only
	159-332
	Table 3

	
	
	DL-only
	156-286.5
	Table 4

	24.
	Nlmf Event Notify
	TLCS-Event-Notify
	6-13
	Sec. 3.2.12

	25.
	Service Response
	TLCS-Resp
	6-13
	Sec. 3.2.13

	Total:
	UL+DL
	284-535.5
	

	
	UL-only
	221-448
	

	
	DL-only
	218-402.5
	




Observation 2: An end-to-end latency target of 100 ms cannot be achieved with the Rel-16 positioning solutions.


4.2.3	Enhancements
4.2.3.1	Configuration Signalling in Advance
Several Steps in the baseline positioning procedures in section 4.1 would not need to be executed each time the event is triggered (i.e., at Step 23. in Figure 6). In particular:
(a)	UE Capability signalling is only required once and can be exectued at Step 13 (Figure 5) only.  
(b) 	Assistance Data can be available via broadcast and/or are provided at Step 13 or 14 and are valid during Part (b) of the procedure (Event Detecting and Reporting).
(c)	Request Location Information is provided at Step 14 and valid during Part (b) of the procedure (Event Detecting and Reporting). 
(d)	UL-SRS configuration is provided at Step 13 or 14 and valid during Part (b) of the procedure (Event Detecting and Reporting).
For the above signalling sequence/procedure optimizations, no (or little) Stage 3 changes may be required. Positioning capabilities can already be provides at Step 13, and any delta-capabilities (e.g., the "dynamic" UL-PRS capabilities [14] (in case of an LMF)) can be provided as "delta-capabilities" at step 23.
The LCS Periodic-Triggered-Invoke Request at Step 14 in Figure 5 can already include up to 3 LPP PDUs, as specified in TS 24.571 [12] and TS 24.080 [13], and therefore, can convey the LPP Request Location Information valid for event reporting procedure (Figure 6).
Additional procedure descriptions and requirements may be needed such that a e.g. UE, gNB and LS need to retain configuration information (e.g., DL-PRS assistance data and UL-SRS configuration information). 
Therefore, the Steps 1-5 and Steps 10, 11 from the baseline positioning procedures in Figure 3 are not needed as part of the Event Reporting procedure. The remaining positioning procedure is shown in Figure 7.
The latency with this optimized signalling is summarized in Table 6 below. (Note, these latencies are end-to-end latencies and include also the assumed PHY measurement time (see Table 1)).


Observation 3: An end-to-end latency target of 100 ms cannot be achieved by optimizing the positioning signalling sequences only.


Table 6: Latency for Deferred MT-LR Event Reporting with Configuration Signalling in Advance.
	Step
	Delay Component
	Delay Value [ms]
	Reference

	20.
	Transition to RRC CONNECTED
	TRRCconnect
	15
	Table 1

	21.
	LCS Event Report
	TLCS-Event-Rep
	16-37.5
	Sec. 3.2.10

	22.
	LCS Event Report Acknowledgement
	TLCS-Event-Ack
	19-37.5
	Sec. 3.2.11

	23.
	UE Positioning
	UL+DL
	102-204
	Table 7

	
	
	UL-only
	77-171.5
	Table 8

	
	
	DL-only
	62-113.5
	Table 9

	24.
	Nlmf Event Notify
	TLCS-Event-Notify
	6-13
	Sec. 3.2.12

	25.
	Service Response
	TLCS-Resp
	6-13
	Sec. 3.2.13

	Total:
	UL+DL
	164-320
	

	
	UL-only
	139-287.5
	

	
	DL-only
	124-229.5
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Figure 7: Positioning Procedure for the location execution phase with Configuration Signalling in Advance.
Table 7: Latency Summary for UL+DL Positioning with Configuration Signalling in Advance.
	Step
	Delay Component
	Delay Value
[ms]
	Comment

	6.
	NRPPa Positioning Activation Request
	TDL-NRPPa
	13-29
	

	7.
	MAC-CE SRS Activation
	TMAC-SRS
	1-3.5
	

	8.
	NRPPa Positioning Activation Response
	TUL-NRPPa
	13-29
	

	9.
	NRPPa Measurement Request
	TDL-NRPPa
	13-29
	

	12.
	Measurement gap configuration
	TGapConfig
	18-22
	

	13a.
	DL Measurements
	TDL-Meas
	22
	PHY measurement time; best possible case [11].

	13b.
	UL Measurements
	TUL-Meas
	0
	Performed in parallel with DL measurements

	14.
	LPP Provide Location Information
	TLPP-PLI
	20-39.5
	

	15.
	NRPPa Measurement Response
	TUL-NRPPa
	0
	Not counted for UL+DL since steps can be performed in parallel (e.g., with LPP signalling)

	16.
	Position Calculation
	TLMF-Calc
	2-30
	

	17.
	NRPPa Positioning Deactivation
	TDL-NRPPa
	0
	Not counted, since steps can be performed in parallel with other steps (e.g., reporting to client)

	18.
	MAC-CE Deactivation
	TMAC-SRS
	0
	

	Total:
	102-204
	



Table 8: Latency Summary for UL-only Positioning with Configuration Signalling in Advance.
	Step
	Delay Component
	Delay Value
[ms]
	Comment

	6.
	NRPPa Positioning Activation Request
	TDL-NRPPa
	13-29
	

	7.
	MAC-CE SRS Activation
	TMAC-SRS
	1-3.5
	

	8.
	NRPPa Positioning Activation Response
	TUL-NRPPa
	13-29
	

	9.
	NRPPa Measurement Request
	TDL-NRPPa
	13-29
	

	13b.
	UL Measurements
	TUL-Meas
	22
	Assume the same value as for DL-PRS

	15.
	NRPPa Measurement Response
	TUL-NRPPa
	13-29
	

	16.
	Position Calculation
	TLMF-Calc
	2-30
	

	17.
	NRPPa Positioning Deactivation
	TDL-NRPPa
	0
	Not counted, since steps can be performed in parallel with other steps (e.g., reporting to client)

	18.
	MAC-CE Deactivation
	TMAC-SRS
	0
	

	Total:
	77-171.5
	



Table 9: Latency Summary for DL-only Positioning with Configuration Signalling in Advance.
	Step
	Delay Component
	Delay Value
[ms]
	Comment

	12.
	Measurement gap configuration
	TGapConfig
	18-22
	

	13a.
	DL Measurements
	TDL-Meas
	22
	PHY measurement time; best possible case [11].

	14.
	LPP Provide Location Information
	TLPP-PLI
	20-39.5
	

	16.
	Position Calculation
	TLMF-Calc
	2-30
	

	Total:
	62-113.5
	




4.2.3.1.1	Configuration Signalling in Advance for DL-only Positioning
For DL-only positioning and configuration signalling in advance, the signalling for Step 23 in Figure 6 is not needed at all (assuming DL-PRS is scheduled "always-on" according to the provided assistance data). After the event has been detected at Step 19 in Figure 6, the UE performs the DL-PRS measurements in inactive state as requested at Step 14 in Figure 5 and provides the result to the LMF in the LCS Event Report at Step 21 in Figure 6. No measurement gaps are needed for performing the DL measurements in RRC inactive state. As specified in TS 24.571 [12] and TS 24.080 [13] the LCS Event Report can include up to 3 LPP PDUs. Therefore, the LPP Provide Location Information message can be provided already at Step 21, as illustrated in the Figure 8 below. Position calculation can be performed at the UE (UE-based) or LMF (UE-assisted).  
The latency for this procedure is summarized in Table 10. (Note, these latencies are end-to-end latencies and include also the assumed PHY measurement time (see Table 1)).

Observation 4: An end-to-end latency target of 100 ms can be achieved for an Deferred MT-LR with configuration signalling in advance for DL-only positioning and with the best case assumptions; however, this target latency cannot be achieved for the worst case assumptions.
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Figure 8: Event Detection and Reporting Procedure for Deferred MT-LR and Configuration Signalling in Advance for DL-only Positioning.

Table 10: Latency for Deferred MT-LR Event Reporting with Configuration Signalling in Advance for DL-only Positioning.
	Step
	Delay Component
	Delay Value
[ms]
	Comment

	19a.
	DL Measurements
	TDL-Meas
	22
	Table 1. PHY measurement time; best possible case [11].

	19c.
	Position Calculation
	TLMF-Calc
	2-30
	Table 1. Either 19c (UE-based) or 23 (UE-assisted) are performed.

	20.
	Transition to RRC CONNECTED
	TRRCconnect
	15
	Table 1.

	21.
	LCS Event Report
	TUEProc-LPPLocationRe
	5
	Table 1. UE processing and encoding of the LPP PDU.

	
	
	TLCS-Event-Rep
	16-37.5
	Sec. 3.2.10.

	22.
	LCS Event Report Acknowledgement
	TLCS-Event-Ack
	0
	Sec. 3.2.11. Not counted, since steps can be performed in parallel with 23.–25.

	23.
	Position Calculation
	TLMF-Calc
	0
	Either 19c or 23 are performed.

	24.
	Nlmf Event Notify
	TLCS-Event-Notify
	6-13
	Sec. 3.2.12.

	25.
	Service Response
	TLCS-Resp
	6-13
	Sec. 3.2.13.

	Total:
	72-135.5
	DL-only Positioning



4.2.3.2	Configuration Signalling in Advance and LSS for Processing Location Reports
As shown in section 4.1, location server functionality in the RAN can significantly reduce the positioning procedure latency. This would then also reduce the end-to-end latency. 
As discussed in [9], in order to reduce latency and better support NR positioning a "full" location server functionality would not necessarily be required in the RAN. The RAN location server functionality could be restricted to radio related coordination and signalling as well as to position calculation. In order to distinguish this reduced NG-RAN location server from an LMC considered in Rel-16 [8], the term "Location Server Surrogate" (LSS) was proposed in [9].
The baseline positioning procedure with LSS suitable for a Defererd MT-LR is shown in Figure 10. The Location Preparation Phase steps are the same as for the baseline positioning procedure in Figure 3 with one addition. At Step i. (shown in blue), the LMF assigns the LSS in the serving gNB and provides required location context to the LSS in an NRPPa LSS Assignment Request message. The location context may include the DL-PRS and UL-SRS configurations and an address of the external client (e.g., IP address). If the LSS can accept the request it returns a NRPPa LSS Assignment Response message to the LMF. Positioning event handling is then coordinated by the LSS. If the LSS assignment is successful, the UE and TRP location reports would be sent to the LSS as shown by Steps 14 and 15 in Figure 10, respectively (e.g., as indicated to the UE at Step 11). The messages can be the same LPP and NRPPa messages as defined in Rel-16 but transported in RRC and XnAP transfer messages, respectively [8]. For an deferred MT-LR, the LSS would also receive the LCS Event Reports as shown in Figure 9 and instigates the positioning procedure in Figure 10, Steps 7-16. The other steps 1-11, ii (location preparation phase) would have been executed at part A of the procedure (Figure 5; e.g., Step 13). In case of UE-assisted mode, the LSS would calculate the UE location and provide the result to the external client via user plane as shown in Step 25 in Figure 9. Once the Location Execution Phase is completed, the LSS assignment would be released by sending an NRPPa Assignment Release message to the LMF (not shown).
Mobility can be supported similar to an LMC as already discussed in [15]. The LSS can remain in the original serving gNB. The UL measurements from neighbour gNBs/TRPs can be sent to the original serving gNB and LSS. For UL LPP messages, the current serving gNB can forward the LPP messages to the original serving gNB/LSS ("anchor LSS") using XnAP (e.g., the UE can include the original serving gNB/LSS ID in the RRC transfer message). For DL LPP messages, the LSS needs to be kept updated with the ID of the current serving gNB/LSS which will enable the LSS to send a DL LPP message to the current serving gNB using XnAP for forwarding to the UE using RRC. Alternatively, LSS relocation can be defined by moving the location context from the old serving gNB to the new one.
The latency for the MT-LR Event reporting phase is summarized in Table 11 below. (Note, these latencies are end-to-end latencies and include also the assumed PHY measurement time (see Table 1)).

Observation 5: An end-to-end latency target of 100 ms can be achieved for an Deferred MT-LR with configuration signalling in advance and with an LSS in the RAN for all Rel-16 NR positioning methods and with the best case assumptions; however, this target latency cannot be achieved for the worst case assumptions.

Table 11: Latency for Deferred MT-LR Event Reporting with Configuration Signalling in Advance and LSS.
	Step
	Delay Component
	Delay Value [ms]
	Reference

	20.
	Transition to RRC CONNECTED
	TRRCconnect
	15
	Table 1

	21.
	LCS Event Report
	TLCS-Event-Rep
	9-14.5
	Sec. 3.2.10

	22.
	LCS Event Report Acknowledgement
	TLCS-Event-Ack
	12-14.5
	Sec. 3.2.11

	23.
	UE Positioning
	UL+DL
	63-103
	Table 12

	
	
	UL-only
	39-73.5
	Table 13 

	
	
	DL-only
	55-90.5
	Table 14

	25.
	UP Service Response
	TLCS-Resp-UP
	1-3
	Table 1

	Total:
	UL+DL
	100-150
	

	
	UL-only
	76-120.5
	

	
	DL-only
	92-137.5
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[bookmark: _GoBack]Figure 9: Event Detection and Reporting Procedure for Deferred MT-LR and Configuration Signalling in Advance with LSS.
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Figure 10: UL+DL Positioning Procedure with LSS.

Table 12: Latency Summary for UL+DL Positioning with Configuration Signalling in Advance with LSS.
	Step
	Delay Component
	Delay Value
[ms]
using LSS
	Comment

	7.
	MAC-CE SRS Activation
	TMAC-SRS
	1-3.5
	

	9.
	NRPPa Measurement Request
	TDL-XnAP
	7-9
	

	12.
	Measurement gap configuration
	TGapConfig
	18-22
	

	13a.
	DL Measurements
	TDL-Meas
	22
	PHY measurement time; best possible case [11].

	13b.
	UL Measurements
	TUL-Meas
	0
	Performed in parallel with DL measurements

	14.
	LPP Provide Location Information
	TLPP-PLI
	13-16.5
	

	15.
	NRPPa Measurement Response
	TUL-XnAP
	0
	Not counted, since steps can be performed in parallel (e.g., LPP signalling)

	16.
	Position Calculation
	TLMF-Calc
	2-30
	

	18.
	MAC-CE Deactivation
	TMAC-SRS
	0
	Not counted, since steps can be performed in parallel (e.g., report to client)

	Total:
	63-103
	



Table 13: Latency Summary for UL-only Positioning with Configuration Signalling in Advance with LSS.
	Step
	Delay Component
	Delay Value
[ms]
using LSS
	Comment

	7.
	MAC-CE SRS Activation
	TMAC-SRS
	1-3.5
	

	9.
	NRPPa Measurement Request
	TDL-XnAP
	7-9
	

	13b.
	UL Measurements
	TUL-Meas
	22
	Assume the same value as for DL-PRS

	15.
	NRPPa Measurement Response
	TUL-XnAP
	7-9
	

	16.
	Position Calculation
	TLMF-Calc
	2-30
	

	18.
	MAC-CE Deactivation
	TMAC-SRS
	0
	Not counted, since steps can be performed in parallel (e.g., report to client)

	Total:
	39-73.5
	



Table 14: Latency Summary for DL-only Positioning with Configuration Signalling in Advance with LSS.
	Step
	Delay Component
	Delay Value
[ms]
using LSS
	Comment

	12.
	Measurement gap configuration
	TGapConfig
	18-22
	

	13a.
	DL Measurements
	TDL-Meas
	22
	PHY measurement time; best possible case [11].

	14.
	LPP Provide Location Information
	TLPP-PLI
	13-16.5
	

	16.
	Position Calculation
	TLMF-Calc
	2-30
	

	Total:
	55-90.5
	




4.2.3.2.1	Configuration Signalling in Advance and LSS for Processing Location Reports for DL-only
Similar as discussed in section 4.2.3.1.1, for DL-only positioning the Step 23 in Figure 9 would not be needed. I.e., the LPP Provide Location Information messages can be send as part of the LCS Event Report. However, with an LSS this procedure would be significantly simpler than with an LMF.
The LCS Event Reports can be received by the LSS in the RAN, as shown in Figure 11 below. Position calculation can happen at Step 19c in Figure 11 (UE-based) or Step 23 (UE-assisted) in Figure 11. 
The latency for this procedure is summarized in Table 15. (Note, these latencies are end-to-end latencies and include also the assumed PHY measurement time (see Table 1)).

Observation 6: An end-to-end latency target of 100 ms can be achieved for an Deferred MT-LR with configuration signalling in advance and LSS for DL-only positioning also with the worst case assumptions.
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Figure 11: Event Detection and Reporting Procedure for Deferred MT-LR and Configuration Signalling in Advance with LSS for DL-only Positioning.

Table 15: Latency for Deferred MT-LR Event Reporting with Configuration Signalling in Advance and LSS for DL-only Positioning.
	Step
	Delay Component
	Delay Value
[ms]
	Comment

	19a.
	DL Measurements
	TDL-Meas
	22
	Table 1. PHY measurement time; best possible case [11].

	19c.
	Position Calculation
	TLMF-Calc
	2-30
	Table 1. Either 19c (UE-based) or 23 (UE-assisted) are performed.

	20.
	Transition to RRC CONNECTED
	TRRCconnect
	15
	Table 1.

	21.
	LCS Event Report
	TUEProc-LPPLocationRe
	5
	Table 1. UE processing and encoding of the LPP PDU.

	
	
	TLCS-Event-Rep
	9-14.5
	Sec. 3.2.10.

	22.
	LCS Event Report Acknowledgement
	TLCS-Event-Ack
	0
	Sec. 3.2.11. Not counted, since step can be performed in parallel with 24.

	23.
	Position Calculation
	TLMF-Calc
	0
	Either 19c or 23 are performed.

	24.
	UP Service Response
	TLCS-Resp-UP
	1-3
	Table 1.

	Total:
	54-89.5
	DL-only Positioning




4.2.3.2.2	LSS with Positioning and Event Reporting in RRC_INACTIVE state
A work item on Small Data Transmission (SDT) is currently ongoing in RAN2 [16]. NR Positioning could exploit the SDT feature, which would allow transmitting the e.g., Event Reports and performing measurements in RRC_INACTIVE state. The small data transmission may be enabled for transmission in the RACH procedure with the appropriate configured resources from the network. The SDT feature could avoid the connection setup and subsequent release to RRC_INACTIVE for positioning measurements and reporting results, which could reduce power consumption, signalling overhead, and latency, in particular when an LSS is available in the RAN as shown in the following.
The details of SDT for NR are still under discussion in RAN2, however, Figure 12 illustrates a possible procedure exploiting the SDT feature for positioning in RRC_INACTIVE state and assuming the positioning and event handling is performed by an LSS in the RAN.

If the Event Report is allowed in RRC_INACTIVE state (which may be indicated to the UE in the Location Preparation  Procedure in Figure 5 (e.g., Step 14)) the UE sends the LCS Event Report as part of the Small Data Request message in msg3 (for 4-step RACH) or msgA (for 2-step RACH) as shown in Figure 12 below. 

After the gNB received the UE small data request message with the LCS Event Report, the gNB may configure dedicated preconfigured PUSCH resources for subsequent UE measurement reporting and sends the LCS Event Report Acknowledgement together with the preconfigured UL resources (PUR, configured grant) to the UE in msg4 (for 4-step RACH) or msgB (for 2-step RACH). With the dedicated preconfigured PUSCH resources, the UE can continue to transmit the subsequent LPP Provide Location Information message on this PUSCH resource without moving to RRC connected state.
For UL-only and UL+DL positioning, the LSS in the serving gNB may activate (the pre-configured) UL-PRS and sends the NRPPa Measurement Request to the selected gNBs at Step 21 and Step 22 in Figure 12, respectively. 
The serving gNB/LSS may also determines a new UL-PRS configuration to be used by the UE. In this case, the new UL-PRS configuration may be provided in the RRC Connection Release at Step 20d (e.g., as delta-signalling compared to the already (pre-) configured UL-PRS).  
The latency for this procedure is summarized in Tables 16-18, assuming the anchor gNB is the serving gNB (otherwise the serving gNB fetches the UE context (which may include UL-PRS configuration information) from the anchor gNB; or the LSS may be located in the anchor gNB in which case the serving gNB forwards the UE reports to the anchor LSS (in case of no anchor relocation)). (Note, these latencies are end-to-end latencies and include also the assumed PHY measurement time (see Table 1)).

Observation 7: An end-to-end latency target of 100 ms can be achieved for an Deferred MT-LR with configuration signalling in advance and with an LSS in the RAN and with SDT for all Rel-16 positioning methods with the worst case assumptions. With the best case assumptions, latency can be <61 ms for all Rel-16 NR positioning methods.
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Figure 12: Event Detection and Reporting Procedure for Deferred MT-LR and Configuration Signalling in Advance with LSS for UL+DL Positioning using SDT.

Table 16: Latency for Deferred MT-LR Event Reporting with Configuration Signalling in Advance and LSS with SDT for UL+DL Positioning.
	Step
	Delay Component
	Delay Value [ms]
	Comment

	20.
	RACH based SDT with LCS Event Report and Event Report ACK
	TRRCconnect
	15
	Table 1. Assume the same value as for TRRCconnect

	21.
	SRS Activation
	TUEProc-MAC-SRSAct
	1-3
	Sec 3.2.7. Assume the same value as for MAC-CE

	22. 
	NRPPa Measurement Request
	TDL-XnAP
	7-9
	Sec. 3.2.8.

	23a.
	DL Measurements
	TDL-Meas
	22
	Table 1. PHY measurement time; best possible case [11].

	23b.
	UL Measurements
	TUL-Meas
	0
	Performed in parallel with DL measurements

	24.
	LPP Provide Location Information
	TLPP-PLI
	13-16.5
	Sec. 3.2.2. 

	25.
	NRPPa Measurement Response
	TUL-XnAP
	0
	Not counted for UL+DL, since step can be performed in parallel (e.g., with Step 24)

	26.
	Position Calculation
	TLMF-Calc
	2-30
	Table 1

	27. 
	SRS Deactivation
	TUEProc-MAC-SRSAc
	0
	Not counted, since step can be performed in parallel (e.g., with step 28).

	28.
	UP Service Response
	TLCS-Resp-UP
	1-3
	Table 1.

	Total:
	UL+DL
	61-98.5
	



Table 17: Latency for Deferred MT-LR Event Reporting with Configuration Signalling in Advance and LSS with SDT for UL-only Positioning.
	Step
	Delay Component
	Delay Value [ms]
	Comment

	20.
	RACH based SDT with LCS Event Report and Event Report ACK
	TRRCconnect
	15
	Table 1. Assume the same value as for TRRCconnect

	21.
	SRS Activation
	TUEProc-MAC-SRSAct
	1-3
	Sec 3.2.7. Assume the same value as for MAC-CE

	22. 
	NRPPa Measurement Request
	TDL-XnAP
	7-9
	Sec. 3.2.8.

	23b.
	UL Measurements
	TUL-Meas
	22
	Table 1. PHY measurement time; best possible case [11].

	25.
	NRPPa Measurement Response
	TUL-XnAP
	7-9
	Sec. 3.2.9.

	26.
	Position Calculation
	TLMF-Calc
	2-30
	Table 1.

	27. 
	SRS Deactivation
	TUEProc-MAC-SRSAc
	0
	Not counted, since step can be performed in parallel (e.g., with step 28).

	28.
	UP Service Response
	TLCS-Resp-UP
	1-3
	Table 1.

	Total:
	UL-only
	55-91
	



Table 18: Latency for Deferred MT-LR Event Reporting with Configuration Signalling in Advance and LSS with SDT for DL-only Positioning.
	Step
	Delay Component
	Delay Value [ms]
	Comment

	20.
	RACH based SDT with LCS Event Report and Event Report ACK
	TRRCconnect
	15
	Table 1. Assume the same value as for TRRCconnect

	23a.
	DL Measurements
	TDL-Meas
	22
	Table 1. PHY measurement time; best possible case [11].

	24.
	LPP Provide Location Information
	TLPP-PLI
	13-16.5
	Sec. 3.2.2.

	26.
	Position Calculation
	TLMF-Calc
	2-30
	Table 1

	28.
	UP Service Response
	TLCS-Resp-UP
	1-3
	Table 1.

	Total:
	DL-only
	53-86.5
	





5. 	Summary
In this contribution, we provided an end-to-end latency analysis for NR positioning solutions and proposed possible enhancements to reduce latency.
The latency results are summarized in Table 19.
NOTE:	The latency values are end-to-end latencies, including a PHY measurement time of 22 ms [11].
Table 19: Latencies for Deferred MT-LR Event Reporting.
	
	End-to-End Latency [ms]

	
	LMF only
	LMF and LSS

	
	Baseline
	Configuration Signalling in Advance
	Configuration Signalling in Advance for DL-only Positioning
	Configuration Signalling in Advance and LSS
	Configuration Signalling in Advance and LSS for DL-only Positioning
	LSS with Positioning and Event Reporting in RRC_INACTIVE state

	UL+DL Positioning
	284-535.5
	164-320
	NA
	100-150
	NA
	61-98.5

	UL-only Positioning
	221-448
	139-287.5
	NA
	76-120.5
	NA
	55-91

	DL-only Positioning
	218-402.5
	124-229.5
	72-135.5
	92-137.5
	54-89.5
	53-86.5



The following was observed:
Observation 1:	Location Server functionality in the RAN (e.g., LMC) could reduce the positioning procedure latency significantly. With the given assumptions, the improvements can be:
for UL+DL methods: 40% - 55%;
for UL-only methods: 50% - 61%;
for DL-only methods: 23% - 41%.
Observation 2: An end-to-end latency target of 100 ms cannot be achieved with the Rel-16 positioning solutions.
Observation 3: An end-to-end latency target of 100 ms cannot be achieved by optimizing the positioning signalling sequences only.
Observation 4: An end-to-end latency target of 100 ms can be achieved for an Deferred MT-LR with configuration signalling in advance for DL-only positioning and with the best case assumptions; however, this target latency cannot be achieved for the worst case assumptions.
Observation 5: An end-to-end latency target of 100 ms can be achieved for an Deferred MT-LR with configuration signalling in advance and with an LSS in the RAN for all Rel-16 NR positioning methods and with the best case assumptions; however, this target latency cannot be achieved for the worst case assumptions.
Observation 6: An end-to-end latency target of 100 ms can be achieved for an Deferred MT-LR with configuration signalling in advance and LSS for DL-only positioning also with the worst case assumptions.
Observation 7: An end-to-end latency target of 100 ms can be achieved for an Deferred MT-LR with configuration signalling in advance and with an LSS in the RAN and with SDT for all Rel-16 positioning methods with the worst case assumptions. With the best case assumptions, latency can be <61 ms for all Rel-16 NR positioning methods.

Therefore, the following proposals are made for a Rel-17 Work Item.
Proposal 1:	Specify signalling and procedures to support positioning configuration signalling in advance.
Proposal 2:	Specify support for location server functionality in the RAN (referred to as "Location Server Surrogate" (LSS)). The LSS should support at least the following functions:
-	Processing of LCS Event Reports;
-	cordinating UE and TRP measurement reports;
-	performing position calculation (in case of UE-assisted mode);
-	reporting UE location estimates to (external) clients.
Proposal 3:	Specify procedures and signalling for positioning measurements and reporting in RRC_INACTIVE 			state expoiting the Small Data Transmission (SDT) feature. 
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