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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Hlk53665621]In RAN2#113bis meeting, the following proposals were captured in the summary [1] regarding the lower-layer triggered requesting of measurements while no agreement was reached.
	Proposal 4:	With regard to lower-layer triggered requesting of measurements, interesting companies are 				encouraged to provide a more detailed end-to-end solution description of the proposed 					procedures, which should also allow an evaluation of the latency benefits and complexity, etc. 


In RAN2#114 meeting, the following agreements were reached regarding the pre-configuration of assistance data.
Agreements:
Support pre-configuration of assistance data to the UE at least in an LPP session.  Details of how to enable this are FFS (e.g. what additional functionality beyond deferred location procedure might be needed).
The LPP Request Location Information message can serve as an indication to the UE to utilize the pre-configured AD.  FFS additional conditions/validity criteria for using the pre-configured AD.
In RAN1#115 meeting, the following agreement were reached 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
· From RAN1 perspective, it is beneficial to support a finer granularity for location response time in order to reduce latency. 
· RAN2 is requested to check if it can be supported and design the signaling details if supported.
ACTION: 	RAN1 respectfully request RAN2 to check if it can be supported and design the signaling details if supported.


In this contribution, we further discuss the mechanisms to enhance the positioning latency, including lower-layer triggered location request, pre-configuration of assistance data and finer granularity of location response time.
2. Discussion
2.1 Lower-layer triggered location request
RAN2 analyzed the overall latency in TR 38.857 [2] and the latency introduced by request location information and provide location information is as follows.
Table 1: Latency performance analysis for request/provide location information
	Step
	Delay Value ms]
	Description of Latency Component

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

	Step 8 LPP Provide Location Information
	20-39.5
	Processing delays: 16-19 ms
-	UE: 
-	TUEProc-RRCULInfo =2-5
-	TUEProc-LPPLocationRe =5
-	gNB: TgNBProc-NAS/LPP =3
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB=0-0.5ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF


The latency related to the message exchange between gNB and UE is highlighted in Table 1. The total latency is 13-13.5 ms in step 4 and 10-13.5 ms in step 8.
By introducing the lower-layer triggered location request, the latency can be reduced significantly by removing the RRC and LPP process time at UE side. To be more specific, the current LPP request location information can be separated into a UE associated NRPPa message and low layer signaling as Figure 1.


Figure 1 The procedure of low-layer triggered location request
It is worth noted that the current LPP request/ response location information is transparent for gNB and the processing delays include:
-	TUEProc-RRCDLInfo			5ms
-	TUEProc-LPPLocationRe		5ms
-	gNB: TgNBProc-NAS/LPP		3ms
If the request/ response location information is a UE associated NRPPa message, and then gNB transmit the request/ response location information to UE by DCI, the processing delays will be:
-	TUEProc-DCI				0-0.5ms
-	gNB: TgNBProc-NRPPa		3ms
As a result, the latency of step 4 can be reduced by 9.5-10 ms and that of step 8 can be reduced by 7-9.5 ms as shown in Table 2. 
Table 2: Latency reduction with lower-layer triggered location request
	[bookmark: _Hlk78911490]Step
	LPP request location information
	low-layer triggered location request

	Step 4 LPP Request Location Information
	Processing delays: 19 ms
-	UE: 
-	TUEProc-RRCDLInfo =5 ms
-	TUEProc-LPPLocationRe =5 ms
-	gNB: TgNBProc-NAS/LPP =3 ms
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB =0-0.5ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF
	Processing delays: 9-9.5 ms
-	UE: 
-	TUEProc-RRCDLInfo 
-	TUEProc-LPPLocationRe 
-	TUEProc-DCI =0-0.5ms
-	gNB: TgNBProc-NRPPa =3 ms
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB =0-0.5ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 8 LPP Provide Location Information
	Processing delays: 16-19 ms
-	UE: 
-	TUEProc-RRCULInfo = 2-5 ms
-	TUEProc-LPPLocationRe =5 ms
-	gNB: TgNBProc-NAS/LPP =3 ms
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB=0-0.5 ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF
	Processing delays: 9-9.5 ms
-	UE: 
-	TUEProc-RRCULInfo
-	TUEProc-LPPLocationRe
-	TUEProc-DCI =0-0.5ms
-	gNB: TgNBProc-NRPPa =3 ms
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB=0-0.5ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF


Observation 1: With lower-layer triggered location request and response, the latency can be reduced by 16.5-19.5 ms.
Furthermore, if the location request is transmitted by UE associated NRPPa information, the potential requesting of MG can be transmitted to gNB, then the Step 5 RRC Location Measurement Indication can be skipped and the latency of step 5 can be reduced to 0 ms.
The contrast of latency between the Rel-16 positioning technique and enhancement with low-layer triggered location request and response are listed in Table 3. Comparing with Table 2, the latency to transfer the RRC Location Measurement Indication is reduced with indication-free mechanism, which is 5-8.5 ms.
[bookmark: _Ref71205752][bookmark: _Hlk71207020]Table 3 The latency of Rel-16 DL measurement and NR enhancement with low layer triggering
	Step
	LPP request location information
	low-layer triggered location request

	Step 4 LPP Request Location Information
	Processing delays: 19 ms
-	UE: 
-	TUEProc-RRCDLInfo =5 ms
-	TUEProc-LPPLocationRe =5 ms
-	gNB: TgNBProc-NAS/LPP =3 ms
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB =0-0.5ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF
	Processing delays: 9-9.5 ms
-	UE: 
-	TUEProc-RRCDLInfo 
-	TUEProc-LPPLocationRe 
-	TUEProc-DCI =0-0.5ms
-	gNB: TgNBProc-NRPPa =3 ms
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB =0-0.5ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 5 RRC Location Measurement Indication
	Processing delays: 5-8 ms
-	UE: TUEProc-RRCLocationMeas
-	gNB: TgNBProc-RRC
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB
	0ms

(if the request location information includes the MG request information)

	Step 8 LPP Provide Location Information
	Processing delays: 16-19 ms
-	UE: 
-	TUEProc-RRCULInfo = 2-5 ms
-	TUEProc-LPPLocationRe =5 ms
-	gNB: TgNBProc-NAS/LPP =3 ms
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB=0-0.5 ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF
	Processing delays: 9-9.5 ms
-	UE: 
-	TUEProc-RRCULInfo
-	TUEProc-LPPLocationRe
-	TUEProc-DCI =0-0.5ms
-	gNB: TgNBProc-NRPPa =3 ms
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB=0-0.5ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF


[bookmark: _Hlk71211014]Observation 2: With lower-layer triggered location request including the location measurement indication, the latency can be reduced by 21.5-28 ms.
A new NRPPa procedure (such as NRPPa request location information) should be specified for the above low-layer triggered location request and response. Besides, from RAN2/RAN3 perspective, new low layer signaling needed to be specified and gNB can configure MG based on the requesting of location information from NRPPa.
Proposal 1: The lower-layer triggered requesting of measurements should be supported, which includes:
· Request location information from LMF to RAN-node via NRPPa;
· Request location information from RAN-node to UE via RRC, MAC-CE and/or DCI.
Proposal 2: The lower-layer triggered providing of measurements should be supported, which includes:
· Provide location information from UE to RAN-node via RRC, MAC-CE and/or DCI;
· Provide location information from RAN-node to LMF via NRPPa.
Proposal 3: Considered to include the Location Measurement Indication in the lower-layer triggered request to further reduce the latency.
Proposal 4: LS to RAN1 and RAN3 to inform them to support the lower layer triggered measurements requesting and providing.
2.2 Pre-configuration of assistance data
In RAN2#114 meeting, the pre-configuration of assistance data was agreed to be introduced to reduce the latency of assistance data transfer. However, there are some remaining open issues for further study, including:
a) The use case to pre-configure the assistance data
b) The validity of the pre-configured assistance data
For the legacy immediate location request, the assistance data are configured to the UE when the UE need to perform location measurement within a short time period. For these scenarios, the assistance data cannot pre-configured to UE since the UE is not always expected to be located.
The pre-configuration of assistance data is beneficial when position of the target UE is to be requested at some future time (or times). In this case, the pre-configuration of assistance can be supported at limited scenarios. 
For deferred MT-LR, the procedure of pre-configuration of assistance are as follows.


Figure 2 Pre-configuration of assistance data for deferred MT-LR
In step 15, the LMF is aware of the following periodic or event-triggered location request at some future time, the assistance data can be pre-configured during the LPP procedures to obtain the first location of target UE.
In step 27, when the pre-configured assistance data turns invalid, the UE may further request a new pre-configuration of assistance data.
Proposal 5: The pre-configuration of assistance data is applicable for the deferred MT-LR.
For the location request with scheduled location time, the procedure of pre-configuration of assistance are illustrated as follows.


Figure 3 Pre-configuration of assistance data for location request with scheduled location time
The discussion of location request with scheduled location time is still ongoing. Assuming the scheduled location time is supported, the pre-configured assistance data is applicable as well.
Proposal 6: The pre-configuration of assistance data is applicable for location request with scheduled location time (if supported).
After the UE get the pre-configuration of assistance data, the UE will send it to the upper layer and the subsequent behavior is up to implementation. However, the UE should store the configuration for the measurement at some future time. Therefore, a timer for pre-configuration maintenance should be introduced. Before the timer expires, the UE shall store the configuration and use it for measurement. Meanwhile, the pre-configuration of assistance data containing the PRS configuration of some TRPs is valid within a specific area. When the UE get out of the area due to mobility, the pre-configuration will turn invalid and the UE shall request for new configuration.
Proposal 7: The pre-configuration of assistance data is valid within a specific area and period.
2.3 Finer granularity for location response time
The response time in the QoS filed of RequestLocationInformation is as follows. 
	ResponseTime ::= SEQUENCE {
	time								INTEGER (1..128),
	...,	
	[[	responseTimeEarlyFix-r12		INTEGER (1..128)		OPTIONAL		-- Need ON
	]],
	[[	unit-r15				ENUMERATED { ten-seconds, ... }	OPTIONAL		-- Need ON
	]]


The time indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation.
The 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. 
As analyzed in [2], for the DL positioning, the total latency between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation is 128.5~180 ms. It’s apparently that the current time unit cannot fit in with the actual latency, which should be finer to sub-second, e.g. ten-millisecondes.
Proposal 8: LS reply to RAN1 to inform them the finer granularity for location response time can be supported.
Proposal 9: Introduce finer granularity of unit in ResponseTime, e.g. ten-millisecondes.
3. Conclusion
Based on the discussion, we propose the following:
Observation 1: With lower-layer triggered location request and response, the latency can be reduced by 16.5-19.5 ms.
Observation 2: With lower-layer triggered location request including the location measurement indication, the latency can be reduced by 21.5-28 ms.
Proposal 1: The lower-layer triggered requesting of measurements should be supported, which includes:
· Request location information from LMF to RAN-node via NRPPa;
· Request location information from RAN-node to UE via RRC, MAC-CE and/or DCI.
Proposal 2: The lower-layer triggered providing of measurements should be supported, which includes:
· Provide location information from UE to RAN-node via RRC, MAC-CE and/or DCI;
· Provide location information from RAN-node to LMF via NRPPa.
Proposal 3: Considered to include the Location Measurement Indication in the lower-layer triggered request to further reduce the latency.
Proposal 4: LS to RAN1 and RAN3 to inform them to support the lower layer triggered measurements requesting and providing.
Proposal 5: The pre-configuration of assistance data is applicable for the deferred MT-LR.
Proposal 6: The pre-configuration of assistance data is applicable for location request with scheduled location time (if supported).
Proposal 7: The pre-configuration of assistance data is valid within a specific area and period.
Proposal 8: LS reply to RAN1 to inform them the finer granularity for location response time can be supported.
Proposal 9: Introduce finer granularity of unit in ResponseTime, e.g. ten-millisecondes.
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