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Introduction
In the WID of R17 positioning [1], the following objectives have been defined for latency reduction:
	· 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:
· [bookmark: _Hlk67643864]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 the previous RAN2 meetings, the latency enhancement issue was discussed. An LS to SA2 was agreed to ask SA2 to further clarify the scheduled location time in advance. For RAN2#115e, the following LSs have been received from SA2 on the following aspects:
· Scheduled Location Time
· S2-2105122 Response LS on Scheduling Location in Advance to reduce Latency
· AMF storing UE positioning capabilities
· 	S2-2105153 LS on storage of UE Positioning Capabilities
In this paper, we discuss the latency related aspects of R17 positioning.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
2.1 Scheduled Location Time
During RAN2#113bis-e, an LS [3] has been sent to SA2 for asking questions regarding “Scheduled Location Time” first agreed in SA2. 
An LS has been received from SA2 regarding the scheduling of time in advance [2]. The LS has clarified with a change of definition for scheduled location from “the time when the UE/network begins to perform measurements” to “the time when the network obtains the UE’s location”, by the following answer:
	Answer 1: SA2 agrees the definition of Scheduled Location Time is a future global time (e.g. UTC) at which a UE is to be located. It is used by an LMF to determine the time to trigger positioning procedures, as defined in clause 6.11, TS 23.273. A location estimate returned to an LCS Client for a scheduled location time can be treated by the LCS Client as an estimate of the location of the UE at the scheduled location time.


 
 Within the reply LS, the following question has been asked by SA2:
	Question A: in order to get a clear view from RAN WG, SA2 sincerely ask RAN2 to investigate whether Scheduled Location Time could help the reduction of the LCS latency. 



From our point of view, the introduction of Scheduled Location Time does not technically reduce the latency of positioning, since it does not reduce the number of signalling exchange between the UE/gNB and LMF, nor does it introduce additional requirements for the UE to perform measurements and report the measurement, since previously, the UE and the gNB would just follow the time when they receive the measurement request from the LMF. 
Regard the stage3 impacts to RAN2/3 with the introduction of the scheduled location time, from our perspective, for UE measurements (UE-assisted positioning) this can already be supported. The UE would begin to perform measurement when the LPP message RequestLocationInformation is received from the LMF within the period as defined in 9.9.2.5 of TS 38.133. TS 38.133 has also specified requirements for RSTD measurement reporting delay for different types of positioning as in Caluse 9.9.2.4.
Furthermore, in RequestLocationInforamtion, the field responseTime is included, before which the UE shall report the measurement results to the network via ProvideLocationInformation. 
	-	responseTime
-	time indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation. If the unit field is absent, this is given as an integer number of seconds between 1 and 128. If the unit field is present, the maximum response time is given in units of 10-seconds, between 10 and 1280 seconds. If the periodicalReporting IE is included in CommonIEsRequestLocationInformation, this field should not be included by the location server and shall be ignored by the target device (if included).
-	responseTimeEarlyFix indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation containing early location measurements or an early location estimate. If the unit field is absent, this is given as an integer number of seconds between 1 and 128. If the unit field is present, the maximum response time is given in units of 10-seconds, between 10 and 1280 seconds. When this IE is included, a target should send a ProvideLocationInformation (or more than one ProvideLocationInformation if location information will not fit into a single message) containing early location information according to the responseTimeEarlyFix IE and a subsequent ProvideLocationInformation (or more than one ProvideLocationInformation if location information will not fit into a single message) containing final location information according to the time IE. A target shall omit sending a ProvideLocationInformation if the early location information is not available at the expiration of the time value in the responseTimeEarlyFix IE. A server should set the responseTimeEarlyFix IE to a value less than that for the time IE. A target shall ignore the responseTimeEarlyFix IE if its value is not less than that for the time IE.
-	unit indicates the unit of the time and responseTimeEarlyFix fields. Enumerated value 'ten-seconds' corresponds to a resolution of 10 seconds. If this field is absent, the unit/resolution is 1 second.



We think from RAN2’s perspective, the current spec is already able to support the functionalities for Scheduled Location Time as described by SA2. However, we do notice that there is no similar field of responseTime in the NRPPa message MEASRUEMENT REQUEST, which triggers the gNB measurements. We think this is necessary such that the gNB can timely return the measurement results to the LMF before the expiry of responseTime.

Proposal 1: Regarding the impacts of the Scheduled Location Time to RAN: 
· There is no RAN2 stage3 spec impacts for scheduled location time;
· NRPPa spec needs to add a field of response time in the NRPPa message MEASUREMENT REQUEST;
· Send a reply LS to SA2 that the scheduled location time does not help the reduction of the LCS latency from RAN2’s perspective.
2.2 AMF storing UE positioning capabilities
During the SI phase of R17 positioning, RAN2 has briefly discussed on the issue of AMF storing UE positioning capability for the latency reduction of positioning. No recommendation was made at that time, while it has been generally agreed that the major impact of this approach is in SA2 and RAN2 should no longer discuss on this. 
During the last SA2 meeting, this approach of latency reduction has been adopted as part of the SA2 R17 WI with the LS in S2-2105153, with CR S2-2105123 [6] to TS 23.501 as attachment. In CR S2-2105123 [6], the feature of UE positioning capability storage in AMF is introduced to reduce positioning latency, where the corresponding correction is extracted as below:
	Functions which may be performed by an AMF to support location services include the following.
-	Initiate an NI-LR location request for a UE with an IMS emergency call.
-	Receive and manage location requests from a GMLC for a 5GC-MT-LR and deferred 5GC-MT-LR for periodic, triggered and UE available location events.
-	Receive and manage location requests from a UE for a 5GC-MO-LR.
-	Receive and manage Event Exposure request for location information from an NEF.
-	Select an LMF.
-	Receive updated privacy requirements from a UE and transfer to a UDR via UDM.
-	Support cancelation of periodic or triggered location reporting for a target UE.
-	Support change of a serving LMF for periodic or triggered location reporting for a target UE.
-	When assistance data is broadcast by 5GS in ciphered form, the AMF receives ciphering keys from the LMF and forwards to suitably subscribed UEs using mobility management procedures.
-	Store UE Positioning Capability received from an LMF and send the UE Positioning Capability along with the received location request to an LMF.
NOTE X:	Details of UE Positiong Capability is defined in TS 37.355[xx].


According to the current LPP/NRPPa procedure, AMF may not get a whole picture of UE positioning capability. The main reason is that LMF may only request the needed positioning capability from UE via Capability Transfer procedure, where the LMF may only indicates several types of capability instead of all the positioning capability. From the UE side, it only feedbacks the positioning capability correspond to the request from LMF. The details can be found in TS 37.355.
	[bookmark: _Toc27765106][bookmark: _Toc37680763][bookmark: _Toc46486333][bookmark: _Toc52546678][bookmark: _Toc52547208][bookmark: _Toc52547738][bookmark: _Toc52548268][bookmark: _Toc67780358]5.1.1	Capability Transfer procedure
The Capability Transfer procedure is shown in Figure 5.1.1-1.


Figure 5.1.1-1: LPP Capability Transfer procedure
1.	The server sends a RequestCapabilities message to the target. The server may indicate the types of capability needed.
2.	The target responds with a ProvideCapabilities message to the server. The capabilities shall correspond to any capability types specified in step 1. This message shall include the endTransaction IE set to TRUE.


According to the CR S2-2105123, AMF only stores the UE positioning capability received from an LMF, which may be a fraction of positioning capability and would cause an ambiguity problem. Assume LMF request positioning capability A from the AMF and finds it is not available at the AMF’s storage, the LMF can’t tell positioning capability A is not supported by UE or it has never been requested from UE. To be specific, there may be two cases for the non-availability of positioning capability A at AMF side. 
· Case 1: The UE actually supports positioning capability A, but the LMF never requested this capability previously.
· Case 2: The UE doesn’t support positioning capability A. In this case, no matter the LMF has once requested this capability, it’s not available at AMF’s storage.
Therefore, the LMF needs to check the problem with UE, i.e., initiating a capability transfer procedure, which may introduce extra delay and makes the solution AMF storing UE positioning capability meaningless for latency reduction. Accordingly, we think this issue should be solved and several potential solutions are provided as follows.
· Solution 1: AMF should store the complete capability of the UE. One possible way is that LMF requests the whole UE positioning capability from UE. 
· Solution 2: AMF should store additional information for the UE positioning capability, e.g., the request record of the UE positioning capability by LMF from UE, the positioning capability not supported by UE, etc.
Proposal 2: For AMF storing positioning capabilities for latency reduction, RAN2 should down-select from the following options:
· Option1: Legacy solution for AMF storing UE radio capability (e.g., the request record of the UE positioning capability); or
· Option2: AMF should store the complete capability of the UE.

2.3	Pre-configuration for latency reduction
During RAN2#114e, latency reduction with pre-configuration of assistance information has been discussed in RAN2 under [2] while no agreement has been made:
	Proposal 4:	Continue evaluation of the signalling and procedures to support pre-configuration of assistance data to the UE during the location preparation phase on how to preconfigure assistance information (e.g. PRS configuration):
	Option A: The UE is configured with validity conditions (e.g. time validity, area validity) when supporting preconfigured assistance data containing PRS configurations
	Option B: Support dynamic triggering of a preconfigured PRS at UE by LMF or gNB for making measurements on DL-PRS 
	Option C: Support priority indications for multiple (pre-)configured assistance data sets corresponding to multiple position fixes for UE-based and UE-assisted positioning.
	Option D: Support dynamic triggering of a preconfigured SRSp at UE by gNB for transmitting SRSp based on measurement report provided by UE

Proposal 5:	Continue evaluation of the signalling and procedures to support pre-configuration of assistance data to the UE during the location preparation phase on how to trigger to utilize the retained pre-configured positioning assistance information in UE:
	Option A: The location information request may serve as an indication to the UE to utilize the pre-configured AD when NI-LR/MT-LR and deferred MT-LR, and UE indicates the scheduled location time to core network in order to obtain pre-configured assistance data.



From our understanding, it is still unclear how the proposed pre-configuration benefits latency reduction, if the effect is only to reduce the size of the message containing RequestLocationInformation, which can also contain ProvideAssistanceData at the same time. Only by reducing the number of messages, the latency can be reduced, while the effect of latency reduction by reducing the size of the message could be quite marginal. 
For the definition of priority for PRS measurement, the following has been captured by TS 38.214
	Within a positioning frequency layer, the DL PRS resources are sorted in the decreasing order of priority for measurement to be performed by the UE, with the reference indicated by nr-DL-PRS-ReferenceInfo being the highest priority for measurement, and the following priority is assumed:
-	Up to 64 NR-SelectedDL-PRS-IndexPerTRP of the frequency layer are sorted according to priority if nr-SelectedDL-PRS-IndexListPerFreq is provided, or up to 64 NR-DL-PRS-AssistanceDataPerTRP of the frequency layer are sorted according to priority otherwise;
-	Up to 2 DL-SelectedPRS-ResourceSetIndex per dl-PRS-ID of the frequency layer are sorted according to priority if dl-SelectedPRS-ResourceSetIndexList is provided, or up to 2 NR-DL-PRS-ResourceSet per dl-PRS-ID of the frequency layer are sorted according to priority otherwise.


It can be seen from above that only priority within a certain positioning frequency layer has been defined, which is according to the order within the list of the PRS defined for the positioning frequency layer, while not for PRS across multiple frequency layers. Hence, the definition of priorities for PRS measurement is incomplete. 
Another issue is that currently, the status of the PRS configuration in the UE side is un-synchronized between the UE and the LMF and not well defined, i.e., the LMF does not know what PRS configuration the UE has or exactly what PRS the UE would try to measure. The PRS configuration that the UE has might be from the previous LPP session for the previous LCS request in a different serving cell or from the broadcast of the assistance data by system information. It is unclear how these assistance data is maintained in the UE side and how does the UE handle the relationship between the assistance information by broadcast and dedicated LPP signalling. 
In order to have a clear mandate from the LMF to the UE on the PRS measurement such that the UE would not waste time on measuring useless PRS, it is important that the priority of PRS for measurement is well defined and the status of the PRS configuration in the UE is synchronized between the UE and the network. 
Proposal 3: Do no support PRS pre-configuration for latency reduction. 
Proposal 4: RAN2 should support the following for PRS configuration for latency reduction: 
· Defineadd/mod/release mechanism of PRS configurations; and 
· Have a complete definition of priority of PRS configuration for measurement, including the PRS configuration received by dedicated LPP signalling and posSIB.  
2.4 Response time for the Location information request
The LMF may indicate a response time when sends the Request Location Information message to the UE for the response message. Currently, it has the following form in the TS 37.355:
ResponseTime ::= SEQUENCE {
	time								INTEGER (1..128),
	...,	
	[[	responseTimeEarlyFix-r12		INTEGER (1..128)		OPTIONAL		-- Need ON
	]],
	[[	unit-r15				ENUMERATED { ten-seconds, ... }	OPTIONAL		-- Need ON
	]]
}
In RAN1#, LS R1-2106316	has been received from RAN1 on the granularity of response time, with the following content:
	RAN1#105-e reached the following agreement regarding enhancement on the granularity of location response time to improve latency for DL and DL+UL methods.

	Agreement:
Send an LS to RAN2 informing that
0. From RAN1 perspective, it is beneficial to support a finer granularity for location response time in order to reduce latency. 
0. RAN2 is requested to check if it can be supported and design the signaling details if supported.





The minimal supported response time is one second when the “unit” is not presented and the “time” is valued as 1. In order to support sub-second response time, i.e., restrict the measurement delay to the sub-seconds, it needs to enable the sub-second value for the ResponseTime field. Therefore, it is proposed to extend the value of the “unit” fiend to include the “ten-milli-seconds” as follows.
ResponseTime ::= SEQUENCE {
	time								INTEGER (1..128),
	...,	
	[[	responseTimeEarlyFix-r12		INTEGER (1..128)		OPTIONAL		-- Need ON
	]],
	[[	unit-r15				ENUMERATED { ten-seconds, ten-milliseconds-r17, ... }	OPTIONAL		-- Need ON
	]]
}
Hence, we propose the following 
Proposal 5: Extend the value of the “unit” field to include the “ten-milliseconds” in “ResponseTime” field in TS 37.355.

Conclusion
[bookmark: OLE_LINK3]Based on the discussion above, we have the following proposals:
Scheduled Location Time
Proposal 1: Regarding the impacts of the Scheduled Location Time to RAN: 
· There is no RAN2 stage3 spec impacts for scheduled location time;
· NRPPa spec needs to add a field of response time in the NRPPa message MEASUREMENT REQUEST;
· Send a reply LS to SA2 that the scheduled location time does not help the reduction of the LCS latency from RAN2’s perspective.

Positioning Capability in AMF
Proposal 2: For AMF storing positioning capabilities for latency reduction, RAN2 should down-select from the following options:
· [bookmark: _GoBack]Option1: Legacy solution for AMF storing UE radio capability (e.g., the request record of the UE positioning capability); or
· Option2: AMF should store the complete capability of the UE.

PRS preconfiguration
Proposal 3: Do no support PRS pre-configuration for latency reduction. 
Proposal 4: RAN2 should support the following for PRS configuration for latency reduction: 
· Defineadd/mod/release mechanism of PRS configurations; and 
· Have a complete definition of priority of PRS configuration for measurement, including the PRS configuration received by dedicated LPP signalling and posSIB.  
Response Time Granularity
Proposal 5: Extend the value of the “unit” field to include the “ten-milliseconds” in “ResponseTime” field in TS 37.355.
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