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1	Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]SA2 discussed and agreed to support storage of UE positioning capabilities in the 5GC for latency reduction, and send a LS [1] to RAN2 to confirm with RAN2 that the following question. 
	1) Whether the UE positioning capability is variable or not? If yes, in which situation it is changed?


Moreover, In RAN1#105e, the granularity of location response time to improve latency for DL and DL+UL methods has been discussed. RAN1 send a LS [2] to RAN2 to check if the finer granularity can be supported and design the signaling details if supported. 
	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.


In the contribution, we would like to further discuss on the questions asked by SA2 on storage of UE positioning capabilities for latency reduction and the questions asked by RAN1 on how to support the location response time and the signaling design from RAN2 aspects. 
[bookmark: _Toc497230266][bookmark: _Toc497230267]2 Discussion on the storage of UE positioning capabilities for latency reduction
[bookmark: _Ref60754681]The following description comes from the current TS37.355 [3], which is the definition of the UL-SRS related positioning capability.
	[bookmark: _Toc46486434][bookmark: _Toc52546779][bookmark: _Toc52547309][bookmark: _Toc52547839][bookmark: _Toc52548369][bookmark: _Toc76492251]–	NR-UL-SRS-Capability
The IE NR-UL-SRS-Capability defines the UE uplink SRS capability.
-- ASN1START
NR-UL-SRS-Capability-r16 ::= SEQUENCE {
	srs-CapabilityBandList-r16					SEQUENCE (SIZE (1..nrMaxBands-r16)) OF
													SRS-CapabilityPerBand-r16,
	srs-PosResourceConfigCA-BandList-r16		SEQUENCE (SIZE (1..nrMaxConfiguredBands-r16)) OF
													SRS-PosResourcesPerBand-r16			OPTIONAL,
	maxNumberSRS-PosPathLossEstimateAllServingCells-r16	
												ENUMERATED {n1, n4, n8, n16}			OPTIONAL,
	maxNumberSRS-PosSpatialRelationsAllServingCells-r16	
												ENUMERATED {n0, n1, n2, n4, n8, n16}	OPTIONAL,
	...
}
SRS-CapabilityPerBand-r16 ::= SEQUENCE {
	freqBandIndicatorNR-r16			FreqBandIndicatorNR-r16,
	olpc-SRS-Pos-r16				OLPC-SRS-Pos-r16									OPTIONAL,
	spatialRelationsSRS-Pos-r16		SpatialRelationsSRS-Pos-r16							OPTIONAL,
	...
}

Skip……

SRS-PosResourcesPerBand-r16 ::= SEQUENCE {
	freqBandIndicatorNR-r16							FreqBandIndicatorNR-r16,
	maxNumberSRS-PosResourceSetsPerBWP-r16			ENUMERATED {n1, n2, n4, n8, n12, n16},
	maxNumberSRS-PosResourcesPerBWP-r16				ENUMERATED {n1, n2, n4, n8, n16, n32, n64},
	maxNumberPeriodicSRS-PosResourcesPerBWP-r16		ENUMERATED {n1, n2, n4, n8, n16, n32, n64},
	maxNumberAP-SRS-PosResourcesPerBWP-r16			ENUMERATED {n1, n2, n4, n8, n16, n32, n64}
																						OPTIONAL,
	maxNumberSP-SRS-PosResourcesPerBWP-r16			ENUMERATED {n1, n2, n4, n8, n16, n32, n64}
																						OPTIONAL,
	...
}
-- ASN1STOP

Skip unrelated part……

	NR-UL-SRS-Capability field descriptions

	srs-PosResourceConfigCA-BandList
This field indicates the number of SRS for positioning resources supported by the target device. The target device includes this field for each band for the current configured CA band combination. The capability signalling comprises the following parameters.
-	freqBandIndicatorNR indicates the current configured NR band of the target device.
-	maxNumberSRS-PosResourceSetsPerBWP indicates the maximum number of SRS Resource Sets for positioning supported by the target device per BWP. Enumerated values n1, n2, n4, n8, n12, n16 correspond to 1, 2, 4, 8, 12, 16 SRS Resource Sets for positioning, respectively.
-	maxNumberSRS-PosResourcesPerBWP indicates the maximum number of periodic, semi-persistent, and aperiodic SRS Resources for positioning supported by the target device per BWP. Enumerated values n1, n2, n4, n8, n16, n32, n64 correspond to 1, 2, 4, 8, 16, 32, 64 SRS Resources for positioning, respectively.
-	maxNumberPeriodicSRS-PosResourcesPerBWP indicates the maximum number of periodic SRS Resources for positioning supported by the target device per BWP. Enumerated values n1, n2, n4, n8, n16, n32, n64 correspond to 1, 2, 4, 8, 16, 32, 64 periodic SRS Resources for positioning, respectively.
-	maxNumberAP-SRS-PosResourcesPerBWP indicates the maximum number of aperiodic SRS Resources for positioning supported by the target device per BWP. Enumerated values n1, n2, n4, n8, n16, n32, n64 correspond to 1, 2, 4, 8, 16, 32, 64 aperiodic SRS Resources for positioning, respectively.
-	maxNumberSP-SRS-PosResourcesPerBWP indicates the maximum number of semi-persistent SRS Resources for positioning supported by the target device per BWP. Enumerated values n1, n2, n4, n8, n16, n32, n64 correspond to 1, 2, 4, 8, 16, 32, 64 semi-persistent SRS Resources for positioning, respectively.





According to the above highlighted descriptions, UE shall report the positioning SRS related capability per band configured by the network within the field of FreqBandIndicatorNR, which depends on the network deployment.  
Observation 1: The UL-SRS related positioning capabilities are related with the configured band or band combination of the network within the field of FreqBandIndicatorNR, which depends on network deployment.

Once UE moved out of the current serving NG-RAN node area, the supported band by network may be changed, thus those reported positioning capabilities related with band or band combination may be unavailable and UE has to update its supported UL-SRS related positioning capability to LMF. 
Observation 2: UL-SRS related positioning capabilities may be changed once the supported band or band combination by the network is changes, i.e., UE moves out of the current network deployment area. 

According to TS37.355 [3], the UE positioning capability reported to the LMF are summarized in Table 1. 

Table 1: Summary of UE Positioning Capability
	Positioning capability
	Functionality
	Positioning method

	NR-UL-SRS-Capability
	Specifies UE uplink SRS capability
	UL-TDOA/UL-AOA/Multi-RTT

	Positioning Modes related capability 
	agnss-Modes
	Indicates Positioning mode supported by the target service
	GNSS/OTOOA/Sensor/TBS/WLAN/BT/NR-DL-AOD/NR-DL-TDOA

	
	otdoa-Mode
	
	

	
	sensor-Modes
	
	

	
	tbs-Modes
	
	

	
	wlan-Modes
	
	

	
	bt-Modes
	
	

	
	nr-DL-AoD-Mode
	
	

	
	nr-DL-TDOA-Mode
	
	

	NR-DL-PRS-ResourcesCapability
	Specifies DL-PRS resources capability for each positioning method
	DL-TDOA/DL-AOD/Multi-RTT

	NR-DL-PRS-ProcessingCapability
	Specifies DL-PRS Processing capability
	DL-TDOA/DL-AOD/Multi-RTT

	NR-DL-PRS-QCL-ProcessingCapability
	Specifies UE DL-PRS QCL Processing capability
	DL-TDOA/DL-AOD/Multi-RTT

	nr-DL-TDOA-MeasurementCapability
	Specifies DL-TDOA measurement capability
	DL-TDOA

	additionalPathsReport
	Indicates whether the UE supports additional paths reporting
	DL-TDOA/Multi-RTT/OTDOA

	periodicalReporting
	Indicates which positioning mode UE supports periodical Reporting
	NR ECID/DL-AoD/Multi-RTT/DL-TDOA/ECID/OTDOA

	NR-DL-AoD-MeasurementCapability
	Specifies DL-AoD measurement capability
	DL-AOD

	NR-Multi-RTT-MeasurementCapability
	Specifies Multi-RTT measurement capability
	Multi-RTT

	triggeredReporting
	Indicates whether the UE supports triggered Reporting
	NR ECID/ECID

	nr-ECID-MeasSupported
	Indicates the supported NR ECID measurements
	NR E-CID

	bt-MeasSupported
	Specifies the Bluetooth measurements supported by the target device
	BT

	idleStateForMeasurements
	Indicates the target device requires idle state to perform RSTD measurements.
	BT/WLAN/Sensor/ECID/OTDOA/GNSS

	wlan-MeasSupported
	Specifies the measurements supported by the target device when accessing a WLAN
	WLAN

	mbs-IdleStateForMeasurements
	Indicates that the target device requires idle state to perform MBS measurements.
	TBS

	periodicalReportingSupported
	Indicates which positioning mode the UE supports periodical Reporting
	TBS/Sensor

	periodicalReportingNotSupported
	Specifies the positioning modes for which the target device does not support periodicalReporting
	GNSS

	mbs-AssistanceDataSupportList
	Indicate the capability to support MBS Assistance Data and to provide capabilities to the location server
	TBS

	mbs-ConfigSupport
	Specifies the MBS configurations supported by the target device
	TBS

	sensor-AssistanceDataSupportList
	Specifies a list of sensor assistance data supported by the target device
	Sensor

	sensor-MotionInformationSup
	Indicates that the target device supports displacement reporting
	Sensor

	ecid-MeasSupported
	Specifies the E CID measurements supported by the target device
	E-CID

	additional-prs-config
	Indicates that the target device supports additional PRS configurations
	OTDOA

	prs-based-tbs
	Indicates that the target device supports RSTD measurements for PRS-only TPs.
	OTDOA

	maxSupportedPrsBandwidth
	Indicates the maximum PRS bandwidth supported by the target device
	OTDOA

	densePrsConfig
	Indicates that the target device supports a subset of the additional PRS configurations associated with capability additional-prs-config
	OTDOA

	prsOccGroup
	Indicates that the target device supports PRS occasion groups
	OTDOA

	prsFrequencyHopping
	Indicates that the target device supports PRS occasion frequency hopping
	OTDOA

	maxSupportedPrsConfigs
	Indicates that the target device supports multiple PRS configurations per cell
	OTDOA

	multiPrbNprs
	Indicates that the target device supports NPRS configuration in more than one resource block
	OTDOA

	motionMeasurements
	Indicates that the target device supports reporting of motion measurements
	OTDOA

	interRAT-RSTDmeasurement
	Indicates that the target device supports inter-RAT RSTD measurements
	OTDOA

	interFreqRSTDmeasurement
	Indicates that the target device supports inter-frequency RSTD measurements within and between the frequency bands indicated in SupportedBandEUTRA
	OTDOA



We can see that except the UL-SRS related positioning capability, remaining positioning capabilities in Table 1 are static, which do not depend on the network deployment, e.g., supported positioning method, supported positioning measurement report. 
Observation 3: All UE positioning capabilities are static except the UL-SRS related positioning capability.

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]As for the SRS related positioning capability, it is mainly used to configure the UL-SRS. However, currently, it is the NG-RAN node to decide the SRS configuration, which means that even if the LMF does not know the updated SRS related capability, there is little impact on the SRS configuration.  Moreover, once LMF need to obtain the updated SRS capability, LMF can retrieve this info by positioning capability procedure. So we think that whether the (updated) SRS related positioning capability is stored within the 5GC has no impact on the positioning performance enhancement.

Proposal 1: Whether the (updated) SRS related positioning capability is stored within the 5GC has no impact on the positioning performance enhancement.

Based on RAN2’s conclusion, a reply LS should be sent to SA2 to provide the RAN2 feedback on the questions that were raised in [1].
[bookmark: _Toc71568861][bookmark: _Toc71568746]Proposal 2: Sent to SA2 to inform RAN2 agreements on the storage of UE positioning capabilities for latency reduction. Agree the draft LS provided in the Annex 1 as baseline.
3 Discussion on the support the location response time
LMF may indicate a location response time in the LPP Location Request information message, which indicates the maximum response time between UE receipt of the RequestLocationInformation and response of a ProvideLocationInformation. The following is the definition and the description of the response time extracted from TS 37.355 [3].
	
ResponseTime ::= SEQUENCE {
	time								INTEGER (1..128),
	...,	
	[[	responseTimeEarlyFix-r12		INTEGER (1..128)		OPTIONAL		-- Need ON
	]],
	[[	unit-r15				ENUMERATED { ten-seconds, ... }	OPTIONAL		-- Need ON
	]]
}

-	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.


Form the definition of the location response time, we can find that the minimum maximum response time is 1 second if the IE “unit” is absent, otherwise the minimum maximum response time is 10 second. That is, the minimum location response time request is 1 second, which cannot meet the R17 positioning latency budget requirement, i.e., 100ms.
Observation 4: The minimum location response time between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation is 1s, which cannot guarantee R17 positioning latency budget requirement, i.e., 100ms.
Thus, a finer granularity of location response time can help reduce positioning latency. Besides, according to TS 29.572 [4], the exact granularity of the location response time is determined by LMF itself based on the latency level requirement within the location QoS requirement. Thus, RAN2 can introduce a finer granularity of the location response time in order to reduce latency, which has no extra SA2 impacts. 
	[bookmark: _Toc74993800][bookmark: _Toc67685973][bookmark: _Toc58594463][bookmark: _Toc56517562][bookmark: _Toc51873434][bookmark: _Toc49849920][bookmark: _Toc45032431][bookmark: _Toc43215183][bookmark: _Toc36463343][bookmark: _Toc34147959][bookmark: _Toc27593087][bookmark: _Toc25168668][bookmark: _Toc20150421]6.1.6.3.5	Enumeration: ResponseTime
The enumeration ResponseTime represents the acceptable delay in the determination of the location of the UE.
Table 6.1.6.3.5-1: Enumeration ResponseTime
	[1] Enumeration value
	[2] Description

	"LOW_DELAY"
	Location request is expected with low delay level.

	"DELAY_TOLERANT"
	Location request is delay tolerant.

	"NO_DELAY "
	Location request is expected with no delay
(NOTE)

	NOTE:	The value is only used in the interface between GMLC and AF/LCS client via NEF, not further delivered to other NFs in the network. After receiving the enumeration value, the GMLC shall immediately return any location estimate, local location or civic location that it currently has. The GMLC shall return either the Initial or Last Known Location of the Target UE. If no location estimate or Dispatchable Location is available, the GLMC shall return the failure indication and may optionally initiate procedures to obtain a location estimate or Dispatchable Location (e.g. to be available for a later request).





Observation 5: The exact granularity of the location response time is determined by LMF itself based on the latency requirement within the location QoS requirement.
Proposal 3: RAN2 can introduce a finer granularity of the location response time in order to reduce latency, which has no extra SA2 impacts.
Considering of the R17 positioning latency requirement i.e.100ms, 10ms level granularity of the location response time is good enough. Thus, we propose to extend the unit of the location response time to include the “ten-mini-seconds” in TS37.355.
ResponseTime ::= SEQUENCE {
	time								INTEGER (1..128),
	...,	
	[[	responseTimeEarlyFix-r12		INTEGER (1..128)		OPTIONAL		-- Need ON
	]],
	[[	unit-r15				ENUMERATED { ten-seconds, ...,ten-mini-seconds-r17 }	OPTIONAL		-- Need ON
	]]
}
Proposal 4: Extend the field unit within the ResponseTime in TS37.355 to include “ten-mini-seconds”.
Based on RAN2’s conclusion, a reply LS should be sent to RAN1 to provide the RAN2 feedback on the questions that were raised in [2].
Proposal 5: Sent to RAN1 to inform RAN2 agreements on the support the location response time. Agree the draft LS provided in the Annex 2 as baseline.

4	Conclusion
In the previous sections, we made the following observations and proposals:
Observation 1: The UL-SRS related positioning capabilities are related with the configured band or band combination of the network within the field of FreqBandIndicatorNR, which depends on network deployment.
Observation 2: UL-SRS related positioning capabilities may be changed once the supported band or band combination by the network is changes, i.e., UE moves out of the current network deployment area. 
Observation 3: All UE positioning capabilities are static except the UL-SRS related positioning capability.
Observation 4: The minimum location response time between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation is 1s, which cannot guarantee R17 positioning latency budget requirement, i.e., 100ms.
Observation 5: The exact granularity of the location response time is determined by LMF itself based on the latency requirement within the location QoS requirement.

Proposal 1: Whether the (updated) SRS related positioning capability is stored within the 5GC has no impact on the positioning performance enhancement.
Proposal 2: Sent to SA2 to inform RAN2 agreements on the storage of UE positioning capabilities for latency reduction. Agree the draft LS provided in the Annex 1 as baseline.
[bookmark: _GoBack]Proposal 3: RAN2 can introduce a finer granularity of the location response time in order to reduce latency, which has no extra SA2 impacts.
Proposal 4: Extend the field unit within the ResponseTime in TS37.355 to include “ten-mini-seconds”.
Proposal 5: Sent to RAN1 to inform RAN2 agreements on the support the location response time. Agree the draft LS provided in the Annex 2 as baseline.
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Annex 1: Draft LS to SA2
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]3GPP TSG-RAN WG2 Meeting #115 electronic                                            R2-21xxxxx
Online, Aug 16 – Aug 27, 2021     

Title:	[Draft] Reply LS on storage of UE Positioning Capabilities 
Response to:	S2-2105153
Release:	Release 17
Work Item:	5G_eLCS_Ph2

Source:	RAN2
To:	SA2
Cc:                              RAN3

Contact Person:	lijianxiang
	lijianxiang@datangmobile.cn
Attachments:             None

1. Overall Description:
RAN2 has discussed the question on UE positioning capability raised by SA2 in the LS and would like to provide the following feedback.
Question:
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]1) Whether the UE positioning capability is variable or not? If yes, in which situation it is changed?
RAN2 feedback:
All UE positioning capabilities are static except the UL-SRS related positioning capability. However, whether the (updated) SRS related positioning capability is stored within the 5GC has no impact on the positioning performance enhancement.

2. Actions:
To SA2
ACTION: 	RAN2 respectfully asks SA2 to take the above information into account in future work.

3. Date of Next TSG-RAN2 Meetings:
3GPP RAN2#116-e		1 November – 12 November 2021		Electronic Meeting 

Annex 2: Draft LS to RAN1
3GPP TSG-RAN WG2 Meeting #115 electronic                                            R2-21xxxxx
Online, Aug 16 – Aug 27, 2021     

Title:	[Draft] Reply LS on granularity of response time 
Response to:	R1-2106316
Release:	Release 17
Work Item:	NR_pos_enh

Source:	RAN2
To:	RAN1
Cc:

Contact Person:	lijianxiang
	lijianxiang@datangmobile.cn
Attachments:             None

1. Overall Description:
RAN2 has discussed the issues on location response time that was raised by RAN1 in the LS and would like to provide the following feedback.
Questions:
· From RAN1 perspective, it is beneficial to support a finer granularity for location response time in order to reduce latency. 
· RAN1 respectfully request RAN2 to check if it can be supported and design the signaling details if supported.

RAN2 feedback:
RAN2 acknowledged that finer granularity for location response time in order to reduce latency can be supported, and agreed to introduce 10ms level location response time in TS37.355.

2. Actions:
To RAN3
ACTION: 	RAN2 respectfully asks RAN1 to take the above information into account in future work.

3. Date of Next TSG-RAN2 Meetings:
3GPP RAN2#116-e		1 November – 12 November 2021		Electronic Meeting 

