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1. 	Introduction
RAN1 made the following conclusions on the enhancements of signaling and procedures for reducing NR positioning latency [1]:
	Agreement:
Capture the following in the TR:
· The enhancements of signaling & procedures for reducing NR positioning latency are recommended for normative work, including DL and DL+UL positioning methods  
· The details of the solutions are left for further discussion in normative work, which may include the following aspects:
· Latency reduction related to the measurement gap
· [bookmark: _Hlk61228303]Latency reduction related to the reporting and request of the measurements (e.g., via RRC signaling, MAC-CE and/or physical layer procedure, and/or priority rules)
· Latency reduction related to measurement time
· The following enhancements of signaling &1res for reducing NR positioning latency can be studied and specified, if needed
· Latency reduction related to the request and response of positioning assistance data (e.g., via RRC signaling, MAC-CE and/or physical layer procedure)
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Latency reduction related to the reception of DL PRS (e.g., priority rules for the reception of DL PRS)
No assumptions are made on whether the LCS architecture specified in TS 23.273 is enhanced or not.



From the above conclusion, we consider the following items being primarily in RAN2 scope:
· Latency reduction related to the reporting and request of the measurements (e.g., via RRC signaling, MAC-CE and/or physical layer procedure)
· Latency reduction related to the request and response of positioning assistance data (e.g., via RRC signaling, MAC-CE and/or physical layer procedure)
· Whether the LCS architecture specified in TS 23.273 is enhanced or not
In this contribution, we discuss the signalling and procedures for reducing positioning latency and propose the corresponding RAN2 recommendation for the Rel-17 Work Item.

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 [1]. 

Observation 1:	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.

Positioning latency is defined in TS 22.261 [2] 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.
A positioning operation generally comprise the following main steps (TS 38.305 [3]):
(a)	Sending a location request to a location server (LS), e.g. LMF or NG-RAN LMC (Location Management Component (TR 38.856 [4]));
(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.
[bookmark: _Hlk61222996]Therefore, the positioning service latency as defined above contains two major components: a "component A" (Location Preparation Phase) comprising time delay prior to completion of location measurements ((a)-(d)) and a "component B" (Location Execution Phase) comprising delay to convert the location measurements into a location estimate and deliver this to a client ((e)-(h)). 
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.

Observation 2:	Positioning service latency contains two major components: a "component A" (Location Preparation Phase) comprising time delay prior to completion of location measurements and a "component B" (Location Execution Phase) comprising delay to convert the location measurements into a location estimate and deliver this to a client ((e)-(h)).
Observation 3:	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.


3. 	Location Configuration and Scheduling in Advance
Latency in location of a UE can be reduced by requesting and scheduling the location of the UE in advance of the time of when it is needed.  A positioning request from an external client or the UE could indicate the time that the location is to be determined.  The LMF could then manage and coordinate the location measurements for the UE prior to the time at which the location for the UE is to be determined.  For example, the LMF may schedule downlink and/or uplink measurements to be performed at the desired time.  
Figure 1 shows an MT-LR procedure for a location request in advance. 
[image: ]
[bookmark: _Hlk61263143]Figure 1: MT-LR procedure for a location request in advance.
1.	The LCS client sends a request to the GMLC for a location for the UE. The request includes the time T at which a location for the UE is to be measured.  The time T may be a local time or a global time, e.g. UTC. The request may include the required QoS, Supported Geographical Area Description (GAD) shapes and client type as specified in TS 23.273 [5].  The LCS client may send the location request a short time before the occurrence of the time T to permit an LMF to schedule the measurements before the occurrence of the time T.
2.	The GMLC invokes the Namf_Location_ProvidePositioningInfo service operation towards the AMF to request the current location of the UE. The service operation includes the time T, the UE identifier (e.g., SUPI) and client type and may include the required QoS and Supported GAD shapes. 
3.	The AMF invokes the Nlmf_Location_DetermineLocation service operation towards the LMF to request the current location of the UE. The service operation includes the time T.
4.	A positioning procedure that determines the location of the UE at the time T is performed as shown in Figure 2. During the location preparation phase, the LMF schedules position determination at (or around) the time T. 
5.	The LMF returns the Nlmf_Location_DetermineLocation Response towards the AMF.
6.	The AM returns the Namf_Location_ProvidePositioningInfo Response towards the GMLC.
7.	The GMLC sends the location service response to the external location services client. 

[image: ]
Figure 2: UL+DL Baseline Positioning Procedure.
Figure 2 shows the Multi-RTT positioning procedure as described in TS 38.305 [3] in which the time T for location determination of the UE is scheduled in advance (UL-only and DL-only positioning would use a subset of this procedure). The location procedure can be divided into a Location Preparation Phase (Steps 0 – 8) and a Location Execution Phase (Steps 9 – 11).  The steps for the location preparation phase are performed before time T. At time T, the location execution phase occurs where the DL and UL signals are measured by the UE and TRPs.  The measurement results are then reported to the LMF, which determines the UE location and provides the result to the AMF as shown by Step 5 in Figure 1.
The LPP Request Location Information at Step 8 and the NRPPa Measurement Request at Step 6 in Figure 2 may include the time T. At or near to the time T, the UE and TRPs perform the UL-/DL-PRS measurements.
The positioning procedure latency in Figure 2 is determined by the Steps comprising the Location Execution Phase only (i.e., between time T and time T+latency shown in Figure 2). 
Figure 3 shows an MO-LR procedure for location request in advance. 

[image: ]
Figure 3: MT-LR procedure for a location request in advance.

1.	The UE sends an MO-LR Request supplementary service message included in a UL NAS TRANSPORT message to the AMF. The message includes the time T at which the location of the UE is to be determined and indicates that the UE is requesting its own location. The time T may be, e.g., UTC or any local time. The UE may send the MO-LR Request a short time before the occurrence of the time T. This would permit the LMF to schedule the positioning measurements before the occurrence of the time T.
2.	The AMF invokes an Nlmf_Location_DetermineLocation service operation towards the LMF. The service operation includes the time T. 
3.	A positioning procedure that determines the location of the UE at the time T is performed as shown in Figure 2. During the location preparation phase, the LMF schedules position determination at (or around) the time T. 
4.	When a location estimate best satisfying the requested QoS has been obtained, the LMF returns an Nlmf_Location_DetermineLocation Response towards the AMF. 
5.	The AMF sends an MO-LR Response message included in a DL NAS TRANSPORT message to the UE. The MO-LR Response message indicates that the MO-LR process is complete.

Considering only the positioning procedure signaling between LMF and NG-RAN/UE, the latency between the event that triggers the determination of the position-related data and the availability of the position-related data at the LMF would comprise the Steps 9-11 in Figure 2 above and is summarized in Table 1 below using the RAN2 assumptions [6].
Additional steps would be required to provide the location result to the LCS client, which could be further reduced as discussed in section 4 below.

Table 1: Latency Summary for Baseline UL+DL Positioning.
	Step
	Delay Component
	Delay Value
[ms]
	Delay Value
[ms]
	Comment

	1a.
	LPP Request Capabilities
	TLPP-ReqCap
	18-34.5
	-
	

	1b.
	LPP Provide Capabilities
	TLPP-ProCap
	25-54.5
	-
	

	2.
	NRPPa Positioning Information Request
	TDL-NRPPa
	13-29
	-
	

	3.
	SRS Configuration
	TSRSConfig
	13-13.5
	-
	

	4.
	NRPPa Positioning Information Response
	TUL-NRPPa
	13-29
	-
	

	5a.
	NRPPa Positioning Activation Request
	TDL-NRPPa
	13-29
	-
	

	5b.
	MAC-CE SRS Activation
	TMAC-SRS
	1-3.5
	-
	

	5c.
	NRPPa Positioning Activation Response
	TUL-NRPPa
	13-29
	-
	

	6.
	NRPPa Measurement Request
	TDL-NRPPa
	-
	-
	Not counted for UL+DL since steps can be performed in parallel (e.g., with LPP signalling)

	7.
	LPP Provide Assistance Data
	TLPP-PAD
	28-44.5
	-
	

	8.
	LPP Request Location Information
	TLPP-RLI
	23-39.5
	-
	

	9.
	Measurement gap configuration
	TGapConfig
	18-22
	-
	

	9a.
	DL Measurements
	TDL-Meas
	88.5
	88.5
	RAN1

	9b.
	UL Measurements
	TUL-Meas
	-
	-
	Performed in parallel with DL measurements

	10.
	LPP Provide Location Information
	TLPP-PLI
	20-39.5
	20-39.5
	

	11.
	NRPPa Measurement Response
	TUL-NRPPa
	-
	-
	Not counted for UL+DL since steps can be performed in parallel (e.g., with LPP signalling)

	12.
	Position Calculation
	TLMF-Calc
	2-30
	2-30
	

	13.
	NRPPa Positioning Deactivation
	TDL-NRPPa
	-
	-
	Not counted, since steps can be performed in parallel with other steps (e.g., reporting to client)

	14.
	MAC-CE Deactivation
	TMAC-SRS
	-
	-
	

	Total:
	288.5 –  419.5
	110.5 – 
158
	





With respect to the RAN1 recommendation summarized in section 1 above, we observe:

Observation 4:	Latency reduction related to the reporting and request of capabilities, assistance data, and measurements can be achieved by scheduling location determination in advance of the time of when it is needed. 

Observation 5:	The specification impacts for Location Configuration and Scheduling in Advance are relative minor and require primarily the specification of a Time T at which the location of the UE is to be measured.


4. 	Location Architecture Enhancements
The RAN1 conclusion summarized in section 1 recommends location measurement request/reporting via RRC signaling, MAC-CE and/or physical layer procedure. Therefore, the location related signalling exchange occurs between the target UE and an NG-RAN node. As already discussed in [7][8], this would reduce (end-to-end) latency since the signalling between NG-RAN, AMF, LMF would not be needed. However, this implies some architecture enhancements since the location related signalling is now exchanged between the target UE and NG-RAN node.  

As discussed in [8], a possibile architecture enhancement is shown in Figure 4 below. The LMF in the 5GC could be responsible for the Location Preparation Phase and the NG-RAN could be responsible for the Location Execution Phase and reporting to the LCS Client. The NG-RAN location server functionality is referred to a "Location Server Surrogate" (LSS) in Figure 4 [7],[8]. 

[image: ]
Figure 4: Enhanced Positioning Architecture.

An example positioning procedure is shown in Figure 5 below, using the Multi-RTT procedure described in TS 38.305 as baseline (UL-only and DL-only positioning would use a sub-set of this procedure). The Location Preparation Phase in Steps (0) – (9) are the same as shown in Figure 2 above with the addition of Step (5). At Step (5), the LMF assigns the LSS in the serving gNB and provides required location context to the LSS. The location context may include the DL-PRS and UL-SRS configurations and an address of the external client. 
If the LSS assignment is successful, the UE and TRP location reports would then be sent to the LSS as shown by Steps (11) and (12) in Figure 5. The messages between UE and NG-RAN/LSS can be the Rel-16 LPP messages (transported in RRC), or MAC-CE and/or physical layer signalling as recommended by RAN1.
A main benefit of using an LSS in the NG-RAN is the very low latency for the Location Execution Phase for steps 10-13 as shown in [8], since delays associating with signaling to the LMF and within the 5GCN are no longer present. This means that a location estimate delivered to an external client would more accurately correspond to the current location of the target UE (at the time of location delivery to the external client) even when the UE is moving. This can achieve low latency without any special optimization of network deployment [8].

[image: ]

Figure 5: Example Location Procedure using an LSS in the NG-RAN.

The latency reduction with Location Server Functionality in the RAN (e.g., LSS) has been evaluated in [8] and the results are summarized in Table 2 below.
Table 2: Latencies for Deferred MT-LR Event Reporting [8].
	
	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

	NOTE: The latency values are end-to-end latencies, including a PHY measurement time assumption of 22 ms [8].




The architecture, signaling and procedure enhancements discussed above are independent of the positioning method and mode, and therefore, also applicable to RAT-Independent positioning. For RAT-Independent positioning the same steps as for DL-only NR positioning would apply.

Observation 6:	The enhancements of architecture, signaling and procedures for reducing positioning latency are generally independent on the positioning method, and therefore, also applicable to RAT-Independent 	positioning methods (e.g., A-GNSS).


5.	Summary
In this contribution, we provided our views on reducing positioning latency. The following was observed:

Observation 1:	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.
Observation 2:	Positioning service latency contains two major components: a "component A" (Location Preparation Phase) comprising time delay prior to completion of location measurements and a "component B" (Location Execution Phase) comprising delay to convert the location measurements into a location estimate and deliver this to a client ((e)-(h)).
Observation 3:	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.
Observation 4:	Latency reduction related to the reporting and request of capabilities, assistance data, and measurements can be achieved by scheduling location determination in advance of the time of when it is needed. 
Observation 5:	The specification impacts for Location Configuration and Scheduling in Advance are relative minor and require primarily the specification of a Time T at which the location of the UE is to be measured.
Observation 6:	The enhancements of architecture, signaling and procedures for reducing positioning latency are generally independent on the positioning method, and therefore, also applicable to RAT-Independent 	positioning methods (e.g., A-GNSS).

Therefore, the following proposals are made.

Proposal 1:	Capture the following in the TR 38.857:
8.2.3.x		Observations from Source [8]
Observations on end-to-end latency for Deferred MT-LR Event Reporting are provided in Table 8.2.3.x-1.
Table 8.2.3.x-1: Latencies for Deferred MT-LR Event Reporting [8].
	
	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

	NOTE: The latency values are end-to-end latencies, including a PHY measurement time assumption of 22 ms.




Proposal 2:	Update the recommendations from RAN1 in TR 38.857 [1] and summarized in section 1 above from 					RAN2 perspective as follows:
	The enhancements of architecture, signaling and procedures for reducing positioning latency are 			recommended for normative work, including DL and DL+UL NR positioning methods as well as 			RAT-Independent positioning methods.
			-	The details of the solutions are left for further discussion in normative work, which may include 			the following aspects:
			-	Latency reduction related to the measurement gap
			-	Latency reduction related to measurement time
			-	Latency reduction related to the reporting and request of the measurements (e.g., via location 			scheduling in advance of the time of when the location is needed, via RRC signaling, 					MAC-CE 	and/or physical layer procedure, and/or priority rules)
			-	LCS architecture enhancements to support the above
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