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Introduction
This contribution discusses Rel-17 NR positioning enhancements regarding the details of reporting RSTD with different Rx TEGs and multiple reference timing.

Accuracy improvement for timing based positioning measurement
Reporting RSTD with different Rx TEGs
Regarding reporting RSTD with different Rx TEGs, the following agreement was agreed in the previous meeting [1].
	Agreement
Make the following modification on the previous agreement made in RAN#106bis-e:
· Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurements.
· N=[2, 3, 4, 6, 8], where the maximum value of N depends on UE capability, and applies to all DL PRS positioning frequency layers
· Note: If N is not explicitly included in the request, it is up to UE to determine the number of different UE Rx TEGs to measure the same DL PRS resource within its capability
· The TRP can be either a “RSTD” reference TRP or a neighbour TRP
· FFS: details of the signalling, procedures, and UE capability
· The timestamps of the multiple RSTD measurements in the same measurement report can be the same or different.
· Note: All RSTD measurements are relative to a single reference timing
· Support the LMF to request a TRP to optionally measure the same SRS resource of a UE with M different TRP Rx TEGs and report the corresponding multiple RTOA measurements.
· M = [2, 3, 4, 6, 8] applies to all configured SRS resources for positioning
· Note: If M is not explicitly included in the request, it is up to TRP to determine the number of different TRP Rx TEGs to measure the same SRS resources for positioning
· FFS: details of the signalling, procedures
· The timestamps of the multiple RTOA measurements in the same measurement report can be the same or different. 


The remaining issue is the details of the signalling and procedures. Since the calculation of the location is totally up to LMF, it is necessary that LMF can ask for both UE and gNB to report multiple RSTD measurements with different RxTEGs when the functionality is required. And then, since the related information needs to be provided before the measurement at both UE and gNB, it seems appropriate that the signalling need to be included in request location information such as RequestLocationInformation (in LPP) and MEASUREMENT REQUEST (in NRPPa). We believe that providing RAN1’s preference for RAN3 could be helpful for the decision, even though the signalling design is up to RAN3.
If the related information is provided in the message of request location information, RAN1 needs to decide whether the information is provided in either common IE or positioning method specific IE in case of LPP message. Considering the fact that the functionality is only used for DL timing based positioning measurement, it seems appropriate that the related signalling needs to be transmitted through positioning method specific IE and then RAN1 should adopt signalling design in the same way as following example #1. 
Example #1) In the NR-DL-TDOA-RequestLocationInformation IEs (LMFUE):
	-- ASN1START

NR-DL-TDOA-RequestLocationInformation-r16 ::= SEQUENCE {
	nr-DL-PRS-RstdMeasurementInfoRequest-r16	ENUMERATED { true }				OPTIONAL,-- Need ON
	nr-RequestedMeasurements-r16		BIT STRING { prsrsrpReq (0) } (SIZE(1..8)),
	nr-AssistanceAvailability-r16		BOOLEAN,
	nr-DL-TDOA-ReportConfig-r16		NR-DL-TDOA-ReportConfig-r16		OPTIONAL, -- Need ON
	additionalPaths-r16			ENUMERATED { requested }		OPTIONAL, -- Need ON
differentRxTEGs			INTEGER (2,3,4,6,8)                            OPTIONAL, -- Need ON
	...
}


Regarding the signalling from LMF to gNB (e.g. NRPPa), since the functionality is only related to measurements from timing based measurement (e.g. UL-RTOA), the information regarding the request needs to be subjugated to TRP Measurement Quantities Item in the MEASUREMENT REQUEST message as shown in the example #2.
Example #2) In the MEASUREMENT REQUEST IE (LMFgNB):
	>TRP Measurement Quantities Item
	
	1 .. <maxnoPosMeas>
	
	
	EACH
	reject

	>TRP Measurement Type
	M
	
	ENUMERATED (gNB-RxTxTimeDiff, UL-SRS-RSRP, UL-AoA, UL-RTOA,…)
	
	-
	

	>Timing Reporting Granularity Factor
	O
	
	INTEGER (0..5)
	Value (0..5) corresponds to (k0..k5)
TS 38.133 [16]
	-
	

	> differentRxTEGs
	O
	
	INTEGER (2,3,4,6,8)
	
	-
	



Proposal 1: 
· Regarding measurement with different Rx TEGs at both UE and gNB, RAN1 should support that related information needs to be transmitted through location measurement request message (e.g. RequestLocationInformation for LPP and MEASUREMENT REQUEST for NRPPA) as shown below:
· Example #1) In the NR-DL-TDOA-RequestLocationInformation IEs (LMFUE):
	-- ASN1START

NR-DL-TDOA-RequestLocationInformation-r16 ::= SEQUENCE {
	nr-DL-PRS-RstdMeasurementInfoRequest-r16	ENUMERATED { true }				OPTIONAL,-- Need ON
	nr-RequestedMeasurements-r16		BIT STRING { prsrsrpReq (0) } (SIZE(1..8)),
	nr-AssistanceAvailability-r16		BOOLEAN,
	nr-DL-TDOA-ReportConfig-r16		NR-DL-TDOA-ReportConfig-r16		OPTIONAL, -- Need ON
	additionalPaths-r16			ENUMERATED { requested }		OPTIONAL, -- Need ON
differentRxTEGs			INTEGER (2,3,4,6,8)                            OPTIONAL, -- Need ON
	...
}


· Example #2) In the MEASUREMENT REQUEST IE (LMFgNB):
	>TRP Measurement Quantities Item
	
	1 .. <maxnoPosMeas>
	
	
	EACH
	reject

	>TRP Measurement Type
	M
	
	ENUMERATED (gNB-RxTxTimeDiff, UL-SRS-RSRP, UL-AoA, UL-RTOA,…)
	
	-
	

	>Timing Reporting Granularity Factor
	O
	
	INTEGER (0..5)
	Value (0..5) corresponds to (k0..k5)
TS 38.133 [16]
	-
	

	> differentRxTEGs
	O
	
	INTEGER (2,3,4,6,8)
	
	-
	



Multiple reference timing
Based on current specification, a single reference timing (e.g. reference TRP) is provided for UE to calculate RSTD. However, if channel condition related to resource set and/or resource(s) for configured reference TRP is poor, UE may select resources of different TRP on its own and the related measurement can be reported. Likewise, configuring a single reference timing highly depends on the external environment. In addition, the reference timing for each Rx TEG may need to be configured differently because the channel condition for each Rx TEG might be different. 
Observation 1: 
· Configuring a single reference timing highly depends on the external environment
· The reference timing for each Rx TEG may need to be configured differently because the channel condition for each Rx TEG might be different. 
From this perspective, RAN1 should consider/adopt configuring multiple reference timing to UE. Configuration of multiple reference timings can provide more timing information than a single reference TRP scenario for UE to calculate RSTD, and the increased degree of freedom can provide more accurate performance. 
Proposal 2: 
· RAN1 should consider/adopt configuring multiple reference timing to UE.

Conclusion
In this contribution, we have discussed Rel-17 NR positioning enhancements especially in the details of reporting RSTD with different Rx TEGs and multiple reference timing. 
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Reporting RSTD with different Rx TEGs
Proposal 1: 
· Regarding measurement with different Rx TEGs at both UE and gNB, RAN1 should support that related information needs to be transmitted through location measurement request message (e.g. RequestLocationInformation for LPP and MEASUREMENT REQUEST for NRPPA) as shown below:
· Example #1) In the NR-DL-TDOA-RequestLocationInformation IEs (LMFUE):
	-- ASN1START

NR-DL-TDOA-RequestLocationInformation-r16 ::= SEQUENCE {
	nr-DL-PRS-RstdMeasurementInfoRequest-r16	ENUMERATED { true }				OPTIONAL,-- Need ON
	nr-RequestedMeasurements-r16		BIT STRING { prsrsrpReq (0) } (SIZE(1..8)),
	nr-AssistanceAvailability-r16		BOOLEAN,
	nr-DL-TDOA-ReportConfig-r16		NR-DL-TDOA-ReportConfig-r16		OPTIONAL, -- Need ON
	additionalPaths-r16			ENUMERATED { requested }		OPTIONAL, -- Need ON
differentRxTEGs			INTEGER (2,3,4,6,8)                            OPTIONAL, -- Need ON
	...
}


· Example #2) In the MEASUREMENT REQUEST IE (LMFgNB):
	>TRP Measurement Quantities Item
	
	1 .. <maxnoPosMeas>
	
	
	EACH
	reject

	>TRP Measurement Type
	M
	
	ENUMERATED (gNB-RxTxTimeDiff, UL-SRS-RSRP, UL-AoA, UL-RTOA,…)
	
	-
	

	>Timing Reporting Granularity Factor
	O
	
	INTEGER (0..5)
	Value (0..5) corresponds to (k0..k5)
TS 38.133 [16]
	-
	

	> differentRxTEGs
	O
	
	INTEGER (2,3,4,6,8)
	
	-
	



Multiple reference timing
Observation 1: 
· Configuring a single reference timing highly depends on the external environment
· The reference timing for each Rx TEG may need to be configured differently because the channel condition for each Rx TEG might be different. 
Proposal 2: 
· RAN1 should consider/adopt configuring multiple reference timing to UE.
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