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[bookmark: _Ref528762725]1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to the LS from RAN1[1], RAN1 agreed the following conclusions regarding the ARP association with UL measurements for NR positioning:
Agreement:
· ARP location is associated with UL measurements for NR Positioning (UL AOA, UL-RTOA, UL SRS-RSRP, UL SRS-RSRPP and gNB Rx-Tx time difference measurements)
· Use of ARP ID for potential overhead reduction in NRPPa signaling is up to RAN3
· Send LS to RAN3 to enable relevant signaling in RAN3 specification
In addition, in [2], RAN1 sent LS to RAN2 and cc to RAN3 to indicate the UE Tx TEG reporting as an outcome of the discussion of “Accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays for NR positioning enhancements” at RAN1#107e. In [3], RAN1 sent all parameters including UE Rx/Tx and gNB Rx/Tx timing delays for NR positioning enhancements to RAN3 together with the corresponding RAN1’s agreements, but leave it to RAN3 on how and where to capture them.
In this contribution, we provide analysis and proposals on impact on RAN3 specification of Positioning Accuracy Improvement. Accordingly a draft Reply LS is provided in chapter 5.
2 Discussion
2.1 The ARP association with UL measurements
In Rel-16, different DL PRS resources can be transmitted through different ARP from the same TRP. Each DL PRS resource set ARP location is defined relative to the geographical coordinates of the TRP and each DL PRS resource ARP location is defined relative to a DL PRS resource set ARP location. In last RAN1 meeting, it was agreed that the ARP association can also be extended to UL-AOA.
According to the RAN1 discussion, two cases need to be considered to support this report：
Case 1: DL PRS resource location is already configured, and the SRS reception and DL PRS transmission can share the same ARP
For Case 1, the existing NRPPa specification already supports optionally including measurement Beam Information IE in a Measurement Report that contains the corresponding DL PRS Resource id, that is, each UL measurement result from gNB/TRP can be associated with a DL PRS resource or an SSB in measurement Beam Information IE; Therefore, in this case, UL-AOA Enhancement can be supported without introducing any new IE.
Observation 1: In case the SRS reception and DL PRS transmission share the same ARP, each UL measurement result from gNB/TRP can be associated with a DL PRS resource or an SSB in measurement Beam Information IE.
Case 2:  The TRP only supports UL based positioning so that DL PRS resources are not configured, or DL PRS transmission can’t share the same ARP with the SRS reception
In this case, the introduction of a new IE to support uplink measurement reporting needs to be considered. According to the views of some RAN1 companies, it is necessary to introduce an ARP ID, each ARP ID is associated with a location information, and this association is notified to LMF via NRPPa. Therefore, when gNB performs uplink location measurement, it includes this ARP ID so that the LMF can obtain the corresponding location information. The following figure shows the signaling procedure:


Accordingly, for each TRP, a UL Reception Resource Coordinates IE should be added in the TRP information Response message, which contains different ARP ids and corresponding location informations.
Proposal 1: If RAN3 supports the report of ARP id, the TRP information Response message can be reused to transfer the corresponding assistance information.
However, according to the RAN1 discussion, some companies mentioned that in fact, the grouping of antenna elements is closely related to the distance between UE and TRP [4], that is, before measurement, The gNB may not know the distance between the UE and TRPs. Then the gNB may not be able to identify the near-field and far-field for a UE, and hence it may not be easy for the gNB to determine the number of antenna elements for each group to estimate different AoA measurements depending on antenna groups.
One solution is to divide the antenna element groups of TRP into different levels, which correspond to different ARP ids, as shown in the following figure：
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In this way, an appropriate ARP id can be selected for reporting based on actual uplink measurement. However, the main problem with this method is that the more levels of antenna elements, the more ARP ids are required, which will bring more signaling overhead. In addition, this way is easier to expose the product details of different vendors.
Observation 2: The method of reporting ARP ID needs to identify the near-field and far-field of the distance between a UE and TRP.
Observation 3: The method for static classifying antenna elements will bring more signaling overhead and easier to expose the product details of different vendors.
In addition to the above methods, there is another solution, which is similar to the measurement reporting of E-CID. In case the measurement report of E-CID is sent, the E-CID Measurement Result IE carries NG-RAN Access Point Position IE and/or Geographical Coordinates IE, so that LMF can combine the TRP corresponding Access Point location, Timing Advance and AOA values for location estimation. In fact, UL AOA and other UL related measurements also involve the location information of the receiving antenna elements, so it is suitable to include an UL ARP Coordinates IE in the corresponding measurement report message to avoid the above problems. The location information can be defined as absolute or relative IE as existing specification definition, e.g., Relative Geodetic Location or NG-RAN Access Point Position.
Comparing the two solutions, a similar mechanism can be adopted considering that the UL measurement reporting and E-CID measurement reporting are the same in principle. So we slightly tend to the solution of location information report, not ARP id report.
In addition, in NG-RAN split architecture, the location information for antenna elements needs to be notified to gNB-CU via F1AP, so that the gNB-CU can report the information to LMF via NRPPa.
Proposal 2: To support the direct location information report for each UL measurement, not ARP id report.
Proposal 3: In NG-RAN split architecture, the location information for antenna elements needs to be notified to gNB-CU via F1AP.

2.2 The reporting of the Tx TEG association Information
Based on the consolidated higher layers parameter list for Rel-17 NR in [3], the gNB measurement report for mitigation of gNB Rx/Tx timing delays can be grouped in below table:
	Positioning Methods
	gNB Measurements Report
	Signalling between gNB and LMF

	DL-TDOA
	trpTxTEG 
trp TxTEG-ID
NR-DL-PRS-ResourceSetID
NR-DL-PRS-ResourceID
[maxNumOfTRPTxTEG ]
Timestamp of a TRP measurement instance
	gNB  LMF

	
	TRPTxTEG_Request_DL-TDOA
	LMF  gNB

	Multi-RTT
	trpRxTxTEG-ID-group 
trpRxTxTEG-ID
trpTxTEG-ID
trpRxTEG-ID
[maxNumOfTRPRxTxTEG]
maxNumOf-RxTxMeas-perSRSperTRPRxTEG
maxNumOf-RxTxMeas-perSRSperTRPRxTxTEG
Timestamp of a TRP measurement instance
	gNB  LMF

	
	TRPRxTxTEG-ID-Request
numOfTRPRxTEG-PerPRSResource_gNBRxTx
numOfTRPRxTxTEG-PerPRSResource_gNBRxTx
	LMF  gNB

	UL-TDOA
	trp RxTEG-ID
[srs-PosResourceSetId]
srs-PosResourceId
[maxNumOfTRPRxTEG]
maxNumOf-RTOA-perSRSperRxTEG
Timestamp of a TRP measurement instance
	gNB  LMF

	
	TRPRxTEG_Request_UL-TDOA
MeasPosSRSwithDiffRxTEGs_Request
numOfSRSMeasTimeOccasions-perMeasurementInstance
	LMF  gNB


Note: Some parameters shared by DL-TDOA and Multi-RTT methods, UL-TDOA and Multi-RTT methods are not repeated in the Multi-RTT positioning method.
In addition, according to the LS [2], the UE Tx TEG for UL-TDOA will report to the serving gNB and serving gNB will forward the parameters to LMF. While other report from UE in Multi-RTT and DL-TDOA positioning methods will send to LMF directly. Accordingly, the UE Tx TEG for UL-TDOA report can be grouped in below table:
	Positioning Methods
	UE Measurement Report
	Signalling between UE and NW(LMF/NG-RAN node)

	UL-TDOA
	UE Tx TEG
ueTxTEG-ID
[srs-PosResourceSetId]
[srs-PosResourceId]
maxNumOfUE-TxTEG
Timestamp of a UE measurement instance
	UE  gNB  LMF



According to the above table, TRP-related TEG parameters need to be defined by RAN3, but considering for these parameters, there are basically corresponding UE related TEG parameters in RAN2. Therefore, it is proposed that RAN3 begins the stage 3 standardization after signaling details are determined by RAN2.
Proposal 4: RAN3 begins the stage 3 standardization after signaling details are determined by RAN2
In addition, RAN3 may discuss how to transmit these parameters via NRPPa procedure. It is generally assumed that different signaling procedure can be used for different positioning methods. For example, for the trpTxTEG related parameters of DL-TDOA, the existing TRP Information exchange procedure can be reused. For trpRxTEG parameters of UL-TDOA, the existing Measurement information transfer procedure can be reused. Finally, for trpRxTxTEG related parameters of multi-RTT, the existing Measurement information transfer procedure is also reused, while for trpTxTEG related parameters of multi-RTT, the signaling procedure is the same as that of DL-TDOA, similarly, the signaling procedure of trpRxTEG related parameters of Multi-RTT is the same as that of UL-TDOA.
Proposal 5: For the trpTxTEG related parameters of DL-TDOA, the existing TRP Information exchange procedure can be reused.
Proposal 6: For trpRxTEG related parameters of UL-TDOA, the existing Measurement information transfer procedure can be reused.
Proposal 7: For trpRxTxTEG related parameters of multi-RTT, the existing Measurement information transfer procedure can be reused.
Regarding the ueTxTEG for UL-TDOA related parameters forwarded by gNB, considering that NRPPa will have corresponding UL Measurement instances, then the existing Measurement information transfer procedure can be reused to transmit these parameters.
Proposal 8: For ueTxTEG for UL-TDOA related parameters forwarded by gNB, the existing Measurement information transfer procedure can be reused.
Finally, we prepared a reply LS to response the LS of RAN1 and a draft TP for TS 38.455 and TS 38.473.
3 Conclusion
In the previous sections we made the following observations and proposals:
Observation 1: In case the SRS reception and DL PRS transmission share the same ARP, each UL measurement result from gNB/TRP can be associated with a DL PRS resource or an SSB in measurement Beam Information IE.
Proposal 1: If RAN3 supports the report of ARP id, the TRP information Response message can be reused to transfer the corresponding assistance information.
Observation 2: The method of reporting ARP ID needs to identify the near-field and far-field of the distance between a UE and TRP.
Observation 3: The method for static classifying antenna elements will bring more signaling overhead and easier to expose the product details of different vendors.
Proposal 2: To support the direct location information report for each UL measurement, not ARP id report.
Proposal 3: In NG-RAN split architecture, the location information for antenna elements needs to be notified to gNB-CU via F1AP.
Proposal 4: RAN3 begins the stage 3 standardization after signaling details are determined by RAN2
Proposal 5: For trpTxTEG related parameters of DL-TDOA, the existing TRP Information exchange procedure can be reused.
Proposal 6: For trpRxTEG related parameters of UL-TDOA, the existing Measurement information transfer procedure can be reused.
Proposal 7: For trpRxTxTEG related parameters of multi-RTT, the existing Measurement information transfer procedure can be reused.
Proposal 8: For ueTxTEG for UL-TDOA related parameters forwarded by gNB, the existing Measurement information transfer procedure can be reused.
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5 Appendix
5.1 Draft Reply LS
Title:	[DRAFT] Reply LS on ARP association with UL measurements
Reply to:	LS on ARP association with UL measurements for NR positioning (R1-2112740)
Release:	Release 17
Work Item:	NR_pos_enh
Source:	CATT
To:	RAN1
Cc:	

Contact Person:		
Name:	Jiancheng Sun
E-mail Address:	sunjiancheng@catt.cn

Attachments:	n/a


1. Overall Description:

RAN3 thanks RAN1 for the LS on ARP association with UL measurements for NR positioning.

RAN3 has discussed the NRPPa signalling to provide association between ARP location and UL measurements for NR positioning, and would like to inform RAN1 about our progress as follows:

· Use of ARP ID in NRPPa signalling has no obvious advantage in signalling overhead;
· The method of ARP ID is easier to expose the product details of different vendors.

Therefore, RAN3 supports the direct location information report for each UL measurement instance via NRPPa.

2. Actions:
To RAN1 working group.
ACTION: RAN3 respectfully requests RAN1 to take the above information into consideration in their future work.

3. Date of Next TSG-RAN WG3 Meetings:
RAN3#115	             21 Feb-3 Mar 2022				Online

5.2 TP for BL CR 38.455
[bookmark: _Toc51776055][bookmark: _Toc56773077][bookmark: _Toc64447706][bookmark: _Toc74152362][bookmark: _Toc81323065]9.2.37	TRP Measurement Result
This information element contains the measurement result.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Measured Result Item
	
	1 .. <maxnoPosMeas>
	
	

	>CHOICE Measured Results Value
	M
	
	
	

	>>UL Angle of Arrival
	M
	
	9.2.38
	

	>>UL SRS-RSRP
	M
	
	INTEGER (0..126)
	

	>>UL RTOA
	M
	
	9.2.39
	

	>>gNB Rx-Tx Time Difference
	M
	
	9.2.40
	

	>Time Stamp
	M
	
	9.2.42
	

	>Measurement Quality
	O
	
	9.2.43
	

	>Measurement Beam Information
	O
	
	9.2.57
	

	>UL ARP Coordinates 
	O
	
	9.2.x
	



[bookmark: _Toc51776064][bookmark: _Toc56773086][bookmark: _Toc64447715][bookmark: _Toc74152371][bookmark: _Toc81323074]9.2.x	ARP Geographical Coordinates 
This information element contains the geographical coordinates for the UL ARP.
	[bookmark: _Hlk49177418]IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE ARP Position Definition Type
	M
	
	
	

	>Direct
	
	
	
	

	>>CHOICE Accuracy
	M
	
	
	

	>>>normal accuracy
	
	
	
	

	>>>>ARP Position
	M
	
	NG-RAN Access Point Position
9.2.10
	The configured estimated geographical position of the antenna of the ARP.

	>>>high accuracy
	
	
	
	

	>>>>ARP High Accuracy Access Position
	M
	
	NG-RAN High Accuracy Access Point Position
9.2.49
	The configured estimated geographical high accuracy position of the antenna of the ARP.

	>Referenced
	
	
	
	

	>>Reference Point
	M
	
	9.2.51
	The reference point is used to derive the ARP position

	>>CHOICE Type
	M
	
	
	

	>>>Geodetic
	
	
	
	

	>>>>ARP Position Relative Geodetic
	M
	
	Relative Geodetic Location
9.2.48
	The configured estimated relative geodetic coordinate of the antenna of the ARP

	>>>Cartesian
	
	
	
	

	>>>>ARP Position Relative Cartesian
	M
	
	Relative Cartesian Location
9.2.50
	The configured estimated relative Cartesian coordinate of the antenna of the ARP




TP for TS 38.473
[bookmark: _Toc534903085][bookmark: _Toc51763854][bookmark: _Toc64449024][bookmark: _Toc66289683][bookmark: _Toc74154796][bookmark: _Toc81383540]9.3.1.166	Positioning Measurement Result 
[bookmark: _Hlk50384006]The purpose of this information element is to provide the measurement result(s).
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Positioning Measured Result Item
	
	1 .. <maxnoofPosMeas>
	
	

	>CHOICE Measured Results Value
	M
	
	
	

	>>UL Angle of Arrival
	M
	
	9.3.1.167
	

	>>UL SRS-RSRP
	M
	
	INTEGER (0..126)
	

	>>UL RTOA
	M
	
	UL RTOA Measurement
9.3.1.168
	

	>>gNB Rx-Tx Time Difference
	M
	
	9.3.1.170
	

	>Time Stamp
	M
	
	9.3.1.171
	

	>Measurement Quality
	O
	
	TRP Measurement Quality
9.3.1.172
	

	>Measurement Beam Information
	O
	
	9.3.1.173
	

	>UL ARP Coordinates 
	O
	
	9.3.1.x
	




[bookmark: _Toc51763872][bookmark: _Toc64449042][bookmark: _Toc66289701][bookmark: _Toc74154814][bookmark: _Toc81383558]9.3.1.x	ARP Geographical Coordinates
This information element contains the geographical coordinates for the UL ARP.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE ARP Position Definition Type
	M
	
	
	

	>Direct
	
	
	
	

	>>CHOICE Accuracy
	M
	
	
	

	>>>normal accuracy
	
	
	
	

	>>>>ARP Position
	M
	
	NG-RAN Access Point Position
9.3.1.174
	The configured estimated geographical position of the antenna of the ARP.

	>>>high accuracy
	
	
	
	

	>>>>ARP High Accuracy Access Position
	M
	
	NG-RAN High Accuracy Access Point Position
9.3.1.190
	The configured estimated geographical high accuracy position of the antenna of the ARP.

	>Referenced
	
	
	
	

	>>Reference Point
	M
	
	9.3.1.188
	The reference point is used to derive the ARP position

	>>CHOICE Type
	M
	
	
	

	>>>Geodetic
	
	
	
	

	>>>>ARP Position Relative Geodetic
	M
	
	Relative Geodetic Location
9.3.1.186
	The configured estimated relative geodetic coordinate of the antenna of the ARP

	>>>Cartesian
	
	
	
	

	>>>>ARP Position Relative Cartesian
	M
	
	Relative Cartesian Location
9.3.1.187
	The configured estimated relative Cartesian coordinate of the antenna of the ARP
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