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1. Introduction
[bookmark: _Toc352077766]RAN3 had discussed in last e-meeting some issues related to NRPPa support of Positioning accuracy improvements [1]. The following points were noted as to be continued:
· The gNB can inform LMF about the AoA/ZoA uncertainties range in the TRP measurement Result UL AoA IE (9.2.38) (FFS) 
· How to handle the case where NG-RAN node receives a TRP ID that was not included in the previously configured measurement is FFS.

On the other hand, RAN3 has received several LSes related to Positioning Accuracy Improvements, in particular:
· LS on ARP association with UL measurements for NR positioning [2]
· LS on the reporting of the Tx TEG association information [3]
· LS on TRP beam/antenna information, RAN1 [4]

Furthermore, the RAN1 LS in [5] lists a number of RAN1 agreements - some are FFS – that are pending the RAN3 (and RAN2) providing the signalling support and feedback, if needed. We list below the ones that are related to UL AoA enhancements:
	Agreement#1:
Reporting of one UL-RTOA and multiple UL-AOAs measurements for the first arrival path per SRS resource for positioning and per SRS resource for MIMO in a single gNB report to LMF is supported
The above measurements are associated with SRS resource ID which is also reported to LMF
FFS: Reporting of RSRP for the first arrival path
Note: The use of SRS for MIMO resource is transparent to the UE
FFS: Reporting of gNB Rx-Tx
Agreement#2:
Reporting of one gNB Rx-Tx time difference and multiple UL-AOAs measurements for the first arrival path per SRS resource for positioning in a single gNB report to LMF is supported 
The above measurements are associated with SRS resource ID which is also reported to LMF
FFS: Reporting of RSRP for the first arrival path

	Agreement#3:
The maximum number of UL-AOAs values (pair of AOA & ZOA values) to be reported per SRS resource for the first arrival path corresponding to the same timestamp is 8.

	Agreement#4:
For the first arrival path measurements on SRS for positioning resource, 
gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA}
gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one-gNB Rx-Tx time difference}
FFS additional option: gNB can report to LMF the following set of measurements {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA, one-gNB Rx-Tx time difference}
All gNB measurements above are associated with SRS resource ID and timestamp, which are also reported to LMF
Agreement#5:
For the first arrival path measurements on SRS for MIMO resource,
gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA} 
FFS: gNB can report to LMF the following set of measurements {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA} 
All gNB measurements above are associated with SRS resource ID and timestamp, which are also reported to LMF
Note: The operation of SRS for MIMO is transparent to the UE

	[bookmark: _Hlk91616196]Agreement#6:
Definition 
UL SRS reference signal received path power (UL SRS-RSRPP) is defined as the power of the received UL SRS signal configured for the measurement at the i-th path delay of the channel response, where UL SRS-RSRPP for 1st path delay is the power corresponding to the first detected path. 
Working assumption: For frequency range 1, the reference point for the UL SRS-RSRPP shall be the antenna connector of the gNB. For frequency range 2, UL SRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 
Note: The following two options are supported by gNB to LMF:
Option 1 (RX diversity for the first path UL SRS-RSRPP)
· The same RX branch(es) as applied for the first path UL SRS-RSRPP measurements are used for the additional paths UL SRS-RSRPP measurements if those are provided together
· For frequency range 1 and 2, if receiver diversity is in use by the gNB for UL SRS-RSRPP measurements, then reported UL SRS-RSRPP value for the first path shall not be lower than the corresponding UL SRS-RSRPP for the first path of any of the individual receiver branches

Option 2 (RX diversity for UL SRS-RSRP)
· The same RX branch(es) as applied for UL SRS-RSRP measurements are used for UL SRS-RSRPP measurements (i.e., the first and additional paths UL SRS-RSRPP if those are provided)



There are other agreements related to the Mitigation of TRP Rx/Tx timing delays also related to the received LS in [3]. For the sake of conciseness, the NRPPa and F1AP impacts related to that topic will be discussed in another contribution [6].
Finally, in light of the above agreements related to Positioning Accuracy Improvements, we propose some enhancements that we believe are needed to have an efficient signalling in NRPPa and F1AP. 
2. Discussion
2.1 Remaining issues from RAN3#114-e
In last e-meetings, we have proposed to enhance the UL AoA IE with the values of the AoA/ZoA uncertainty ranges, so that the gNB can "correct" the AoA assistance information that was sent from LMF. 
	9.2.38	UL Angle of Arrival
This information element contains the uplink Angle of Arrival measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Azimuth Angle of Arrival
	M
	
	INTEGER(0..3599)
	TS 38.133 [16]

	Zenith Angle of Arrival
	O
	
	INTEGER(0..1799)
	TS 38.133 [16]

	LCS to GCS Translation
	O
	
	9.2.x7
	If absent, the azimuth and zenith are provided in GCS.

	[bookmark: _Hlk91621422]Azimuth AoA Uncertainty Range
	O
	
	INTEGER(0..3599)
	

	Zenith AoA Uncertainty Range
	O
	
	INTEGER(0..1799)
	






Four companies have supported this proposal, while two companies were "not (yet) convinced". Although it is an optimization, we believe it can nonetheless help enhancing the AoA assistance information at LMF especially when the latter will, for e.g., use it in other methods and send the AoA uncertainty range to the UE.
Observation 1: It is beneficial to update the uncertainty range from gNB, so that LMF can improve the AoA assistance information when it needs to be sent to UE
Another comment was to re-use instead the Measurement Quality IE in NRPPa from the gNB to indicate the angle measurements quality, and hence their provided accuracy estimation. 
	[bookmark: _Toc51776061][bookmark: _Toc56773083][bookmark: _Toc64447712][bookmark: _Toc74152368][bookmark: _Toc81323071]9.2.43    Measurement Quality
This information element contains the TRP’s best estimate of the quality of the measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Measurement Quality
	M
	
	
	

	>Timing Measurement Quality
	
	
	
	

	>>Measurement Quality
	M
	
	INTEGER(0..31)
	TS 37.355 [14]

	>>Resolution
	M
	
	ENUMERATED(0.1m, 1m, 10m, 30m, …)
	TS 37.355 [14]

	>Angle Measurement Quality
	
	
	
	

	>>Azimuth Quality
	M
	
	INTEGER(0..255)
	

	>>Zenith Quality
	O
	
	INTEGER(0..255)
	

	>>Resolution
	M
	
	ENUMERATED (0.1deg, …)
	






However, we can remark that the IE range of the AoA/ZoA Quality (INTEGER(0..255)) is not the same as the LMF AoA assistance data (i.e. INTEGER(0..3599) / INTEGER(0..1799)). Thus, it will require LMF creating a new mapping between the 0,255 quality estimation and the AoA uncertainty ranges which are in degrees. It could be feasible, or not always but with additional complexity and development costs. Therefore, we propose to simply include the AoA/ZoA degrees uncertainty range in the UL AoA IE report.
Proposal 1: In order to enhance the UL AoA assistance information with reduced complexity and costs impacts, it is proposed that gNB informs LMF about the AoA/ZoA uncertainties range in the TRP measurement Result UL AoA IE
Another leftover issue from previous e-meeting is how to handle the case of gNB receiving a TRP ID in the MEASUREMENT UPDATE message that was not included in the previous MEASUREMENT REQUEST message. One company had stated that this would correspond to an abnormal condition and an editor note was captured in the BL CR [7]. From our view, this will correspond to an Abstract Syntax Error with behaviour based on Criticality. Chapter 10.3.1 of NG-AP lists the following specific case:
	[bookmark: _Toc20955366][bookmark: _Toc29503819][bookmark: _Toc29504403][bookmark: _Toc29504987][bookmark: _Toc36553440][bookmark: _Toc36555167][bookmark: _Toc45652566][bookmark: _Toc45658998][bookmark: _Toc45720818][bookmark: _Toc45798698][bookmark: _Toc45898087][bookmark: _Toc51746294][bookmark: _Toc64446559]10.3.1	General
[bookmark: _Hlk71001076]An Abstract Syntax Error occurs when the receiving functional NGAP entity:
1.	receives IEs or IE groups that cannot be understood (unknown IE ID);
[…]
Cases 1, 2 and 6 (not comprehended IE/IE group) are handled based on received Criticality information.


Since the TRP Measurement Update Item IE has criticality "Reject", this will be a case of procedure rejection with an Abstract Syntax Error (Reject) cause and criticality diagnosis sent in the NRPPa Error Indication procedure [8] indicating that the IE ID was not understood. Therefore, there is no need to capture any abnormal condition as the behaviour follows based on Criticality and what is already described in Chapter 10 for handling of erroneous cases.
Observation 2: Since the TRP Measurement Update Item IE has criticality "Reject", the reception of  an unknown TRP ID will be a case of procedure rejection with an Abstract Syntax Error (Reject) cause and criticality diagnosis sent in the NRPPa Error Indication procedure [8] indicating that the IE ID is not understood
Proposal 2: Remove the editor’s note in [7]

2.2 Received LS from RAN1 on ARP
As mentioned in the Introduction section, we will discuss here the impacts related to the LS in [2] on ARP Association. The second LS on Tx TEG association [3] encompass other agreements that need a separate analysis that is detailed in [6].
The following agreement was made by RAN1:
	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 rel




RAN1 asks RAN3 to consider the above and implement the relevant signalling for NRPPa (and F1AP). The RAN1 agreements stipulate that Antenna Reference Point (ARP) location is applicable for all positioning UL measurements. This means the introduction of a new IE in the TRP Measurement Result IE. However, we can remark that the TRP Measurement Result IE (9.2.37) includes the Measurement Beam Information IE (9.2.57), which can be requested by LMF during the MEASUREMENT REQUEST message. The content of the Measurement Beam Information IE can indicate that an UL measurement result is associated with a DL PRS resource or an SSB index. Considering that the LMF has already received during the TRP Information Exchange procedure the TRP geographical coordinates of the ARP for the DL PRS resources in the DL-PRS Resource Coordinates IE (9.2.47), the LMF can derive the ARP information of the UL measurement based on the Measurement Beam Information IE.
	9.2.37	TRP Measurement Result
This information element contains the measurement result.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	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
	
	-
	

	>>Zenith Angle of Arrival
	M
	
	9.2.x5
	
	YES
	reject

	>Time Stamp
	M
	
	9.2.42
	
	-
	

	>Measurement Quality
	O
	
	9.2.43
	
	-
	

	>Measurement Beam Information
	O
	
	9.2.57
	
	-
	



[bookmark: _Toc51776075][bookmark: _Toc56773097][bookmark: _Toc64447726][bookmark: _Toc74152382][bookmark: _Toc81323085]9.2.57	Measurement Beam Information
This information element contains the receiving beam information when measuring UL signals.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	PRS Resource ID
	O
	
	INTEGER(0..63)
	

	PRS Resource Set ID
	O
	
	INTEGER(0..7)
	

	SSB Index
	O
	
	INTEGER(0..63)
	



[bookmark: _Toc51776065][bookmark: _Toc56773087][bookmark: _Toc64447716][bookmark: _Toc74152372][bookmark: _Toc81323075]9.2.47	DL-PRS Resource Coordinates
This information element contains the geographical coordinates of the antenna reference points (ARP) for the DL-PRS Resources of a TRP.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	DL-PRS Resource Set ARP List
	M
	1..<maxPRS-ResourceSets>
	
	

	>DL-PRS Resource Set ID
	M
	
	INTEGER (0..7)
	

	>CHOICE DL-PRS Resource Set ARP Location
	M
	
	
	Relative to the geographical coordinates for the TRP. If this IE is absent, the Relative Location is zero for the indicated DL-PRS Resource Set ID.

	>>Geodetic
	
	
	
	

	>>>TRP Position Relative Geodetic
	M
	
	Relative Geodetic Location 9.2.48
	

	>>Cartesian
	
	
	
	

	>>>TRP Position Relative Cartesian
	M
	
	Relative Cartesian Location 9.2.50
	

	>DL-PRS Resource ARP List
	M
	1..<maxPRS-ResourcesPerSet>
	
	

	>>DL-PRS Resource ID
	M
	
	INTEGER (0..63)
	

	>>CHOICE DL-PRS Resource ARP Location
	M
	
	
	Relative to the DL-PRS Resource Set ARP Location.
If this IE is absent, the Relative Location is zero for the indicated DL-PRS Resource ID.

	>>>Geodetic
	
	
	
	

	>>>TRP Position Relative Geodetic
	M
	
	Relative Geodetic Location 9.2.48
	

	>>>Cartesian
	
	
	
	

	>>>TRP Position Relative Cartesian
	M
	
	Relative Cartesian Location 9.2.50
	



	Range bound
	Explanation

	maxPRS-ResourceSets
	Maximum no of DL-PRS resource sets per TRP. Value is 2.

	maxPRS-ResourcesPerSet
	Maximum no of DL-PRS resources of the DL-PRS resource set of the TRP. Value is 64.






Observation 3: The LMF can derive the ARP location associated with UL measurements based on the PRS Resource ID signalled in the Measurement Beam Information IE
In case the Measurement Beam Information Request IE is absent from the LMF MEASUREMENT REQUEST message, or that the gNB cannot configure DL PRS due to having RP-only (in this case, the DL-PRS Resource Coordinates IE (9.2.47) is absent from the TRP information), the LMF can still make the association between the UL measurements and TRP geographical coordinates based on the TRP ID and the Reference Point in 9.2.46. Besides, we can assume that TRP/ARP relative Geodetic and Cartesian location will NOT change during an ongoing measurement. Mobile TRP/ARP can be left to future releases for consideration and analysis, if needed.
Proposal 3: RAN3 to agree that provisioning of ARP location associated with an UL measurement is supported implictely based on current specifications. Mobile TRP/ARP is not in the scope of Rel-17 Positioning.

2.3 Support of RAN1 agreements for accuracy improvement
RAN1 has made the following agreements related to multiple UL AoA reporting:
	Agreement#1:
Reporting of one UL-RTOA and multiple UL-AOAs measurements for the first arrival path per SRS resource for positioning and per SRS resource for MIMO in a single gNB report to LMF is supported
The above measurements are associated with SRS resource ID which is also reported to LMF
FFS: Reporting of RSRP for the first arrival path
Note: The use of SRS for MIMO resource is transparent to the UE
FFS: Reporting of gNB Rx-Tx
Agreement#2:
Reporting of one gNB Rx-Tx time difference and multiple UL-AOAs measurements for the first arrival path per SRS resource for positioning in a single gNB report to LMF is supported 
The above measurements are associated with SRS resource ID which is also reported to LMF
FFS: Reporting of RSRP for the first arrival path
Agreement#3:
The maximum number of UL-AOAs values (pair of AOA & ZOA values) to be reported per SRS resource for the first arrival path corresponding to the same timestamp is 8.



From the above three agreements, we can deduct that in a single gNB report, i.e., in a TRP Measurement Result IE (9.2.37), multiple UL AoAs measurements can be reported up to 8. The measurements can be associated to a Rel-16 SRS resource ID and Rel-15 SRS resource ID for UL-RTOA and multiple UL-AoAs result; and a Rel-16 SRS resource ID only for gNB Rx-Tx and multiple UL-AoAs report.
Observation 4: Up to 8 UL AoA measurements can be reported in the TRP Measurement Result IE. The measurements can be associated to a Rel-16 SRS resource ID and Rel-15 SRS resource ID for UL-RTOA and multiple UL-AoAs result; and a Rel-16 SRS resource ID only for gNB Rx-Tx and multiple UL-AoAs report.
RAN1 have also defined a new measurement for UL SRS-RSRPP:
	Agreement#6:
Definition 
UL SRS reference signal received path power (UL SRS-RSRPP) is defined as the power of the received UL SRS signal configured for the measurement at the i-th path delay of the channel response, where UL SRS-RSRPP for 1st path delay is the power corresponding to the first detected path. 
Working assumption: For frequency range 1, the reference point for the UL SRS-RSRPP shall be the antenna connector of the gNB. For frequency range 2, UL SRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 
Note: The following two options are supported by gNB to LMF:
Option 1 (RX diversity for the first path UL SRS-RSRPP)
· The same RX branch(es) as applied for the first path UL SRS-RSRPP measurements are used for the additional paths UL SRS-RSRPP measurements if those are provided together
· For frequency range 1 and 2, if receiver diversity is in use by the gNB for UL SRS-RSRPP measurements, then reported UL SRS-RSRPP value for the first path shall not be lower than the corresponding UL SRS-RSRPP for the first path of any of the individual receiver branches

Option 2 (RX diversity for UL SRS-RSRP)
The same RX branch(es) as applied for UL SRS-RSRP measurements are used for UL SRS-RSRPP measurements (i.e., the first and additional paths UL SRS-RSRPP if those are provided)



A LS has been sent to RAN4 in [9] to request defining the measurement in TS 38.133, therefore RAN3 can capture this new measurement with FFS for now.
Proposal 4: Add a new measurement UL SRS-RSRPP in the TRP Measurement Result IE with FFS pending RAN4 table mapping.
In terms of encoding, below a proposal capturing the above aspects:
	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
	

	>>Multiple UL AoA
	M
	
	9.2.xx1
	

	>>UL SRS-RSRPP
	M
	
	9.2.xx2
	

	>Time Stamp
	M
	
	9.2.42
	

	>Measurement Quality
	O
	
	9.2.43
	

	>Measurement Beam Information
	O
	
	9.2.57
	

	>Positioning SRS Resource ID
	O
	
	INTEGER(0..63)
	

	>SRS Resource ID
	O
	
	INTEGER(0..63)
	



	Range bound
	Explanation

	maxnoPosMeas
	Maximum no. of measured quantities that can be configured and reported with one positioning measurement message. Value is 16384.




	
9.2.xx1	Multiple UL-AoA
This information element contains the list of the multiple UL-AOAs values.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	List of UL AoA
	
	1..<maxnoofULAoAs >
	
	

	> UL-AoA value
	M
	
	9.2.38
	



	Range bound
	Explanation

	maxnoofULAoAs
	[bookmark: _Hlk91615724]Maximum no of UL-AOAs values (pair of AOA & ZOA values) that can be reported. Value is 8




	
9.2.xx2	UL SRS-RSRPP (see multi-path contribution in [10] where additional path are added)
This information element contains the UL SRS RSRPP measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	UL SRS-RSRPP
	
	
	FFS
	






2.4 Proposed RAN3 enhancements for AoA enhancements
In the following we propose enhancements to improve the NRPPa signalling and reduce the overhead.
2.4.1 Coordinate systems and AoA reports
In the current specification, any translation between local and global coordinates has to be provided within every UL AoA report in 9.2.38. Since multiple AoA reports will be introduced in the signalling, it should be possible to make a local to global coordinate translation provided once for subsequent coordinate translations of multiple AoA reports within the TRP Measurement Result IE to reduce the signalling overhead. Below an illustration:
	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
	

	>>Multiple UL AoA
	M
	
	9.2.xx1
	

	>>UL SRS-RSRPP
	M
	
	9.2.xx2
	

	>Time Stamp
	M
	
	9.2.42
	

	>Measurement Quality
	O
	
	9.2.43
	

	>Measurement Beam Information
	O
	
	9.2.57
	

	>Positioning SRS Resource ID
	O
	
	INTEGER(0..63)
	

	>SRS Resource ID
	O
	
	INTEGER(0..63)
	

	>UL spatial direction information
	O
	
	LCS to GCS Translation
9.2.x7
	



	Range bound
	Explanation

	maxnoPosMeas
	Maximum no. of measured quantities that can be configured and reported with one positioning measurement message. Value is 16384.




	From the BL CR:
[bookmark: _Toc51776056][bookmark: _Toc56773078][bookmark: _Toc64447707][bookmark: _Toc74152363][bookmark: _Toc81323066]9.2.38	UL Angle of Arrival
This information element contains the uplink Angle of Arrival measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Azimuth Angle of Arrival
	M
	
	INTEGER(0..3599)
	TS 38.133 [16]

	Zenith Angle of Arrival
	O
	
	INTEGER(0..1799)
	TS 38.133 [16]

	LCS to GCS Translation
	O
	0..1
	9.2.x7
	If absent and UL spatial direction information of the TRP is not provided, the azimuth and zenith are provided in GCS.

	>Alpha
	M
	
	INTEGER (0..3599)
	

	>Beta
	M
	
	INTEGER (0..3599)
	

	>Gamma
	M
	
	INTEGER (0..3599)
	






Proposal 5.1: RAN3 to discuss and agree to have an UL Spatial direction information IE common for coordinate translations of multiple AoA reports to reduce the signalling overhead 
2.4.2 Common Time Stamp Indication

Currently, there is one time stamp per Measured Results Value that can be reported by gNB to LMF in 9.2.37. There may be multiple TRP measurements Results within the TRP Measurement Response Item IE having the same time stamp. When many Measured Results Values are associated with the same time stamp in the first arrival path of the measurement, it creates redundant overhead in the F1AP/NRPPa signalling and added delay at LMF for decoding the time stamp of each reported measurement result. 
Observation 5: It creates redundancy and signalling overhead when many TRP measurements Results have the same time stamp being signalled for each.
Therefore, it may be beneficial to provide a common time stamp information in the TRP Measurement Response Item IE within the MEASUREMENT RESPONSE and REPORT messages when the time stamp is common for all TRP measurements Results reported from gNB. This can help reducing the overhead and latency.
Proposal 5.2: Introduce a Common Time Stamp IE in the MEASUREMENT RESPONSE and MEASUREMENT REPORT messages when measurements in the first path are all having a common time stamp
Similarly, it may also help to know if the time stamp is common in the additional paths. It should be noted that the value of maximum number of additional paths has been increased to 8 for Multipath Reporting [10].
Proposal 5.3: Introduce a Common Time Stamp per Path IE in the MEASUREMENT RESPONSE and MEASUREMENT REPORT messages when measurements in the additional paths are all having a common time stamp
We propose to take the TP to NRPPa BL CR below in Annex section as input for discussion and agreement. A mirror F1AP TP can be provided after convergence on NRPPa
Proposal 6: Discuss and agree TP to NRPPa BL CR

2.5 Discussion on DL-AoD LS from RAN1
RAN1 has agreed the following on TRP beam/antenna information [4].
TRP beam/antenna information is to be optionally provided by the LMF to the UE for UE-based DL-AoD.
· The LMF provides the quantized version of the relative Power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle.
· For each angle, at least two PRS resources are reported.
· Note: the peak power per angle is not provided.
As also acknowledged by RAN1, it is up to RAN3 to decide how this information is provided to the LMF.
We already expressed our strong opposition to signaling antenna-related information over network interfaces. Any changes to such configuration lead to changes in coverage and loss of UE connections; these changes are not typically done during normal network operation but in planned maintenance windows. For this reason, this does not seem to justify any network signaling support. 
Observation 1: Antenna-related configuration does not typically change on the fly because it causes changes in coverage and possible loss of UE connections; it is typically changed in a controlled way through OAM, and for this reason it does not seem justified to signal it over network interfaces.
RAN1’s previous LS [11] had mentioned 2 possible ways to report beam/antenna information from the gNB to the LMF: an “Option 2.1” (The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP) and an “Option 2.2” (The gNB reports quantized version of the relative Power between PRS resources per angle per TRP).
A number of companies favored supporting the exchange of this information in network signaling. Some observed that “Option 2.1” would have a lower specification impact on NRPPa because it was consistent with the current PRS Resource IE (Sec. 9.2.44 of TS 38.455) [12].
Observation 2: RAN1 had considered 2 possible options to report beam/antenna information from the gNB to the LMF; only one of them, if implemented, would have a lower specification impact in RAN3.
Given the situation, it was pointed out that it was important to at least let RAN1 know of the difference between the two options, to avoid the risk of converging on a suboptimal solution. Repeated attempts were made at a compromise text for a reply LS, but unfortunately RAN3 could not reach consensus. RAN1 has continued its discussion and has now agreed on the option which, if implemented in RAN3 signaling, would be the less optimal one.
Observation 3: A number of companies favored the introduction of this information in network signaling but no reply LS could be agreed, not even to mention the different specification impacts of the two options.
Observation 4: The lack of feedback from RAN3 to RAN1 has resulted in RAN1 agreeing on the option which, if implemented, would be the less optimal one.
The usage scenario has not changed, though. In case of continued lack of consensus in RAN3, the conclusion should be that TRP antenna information can be configured in the LMF via OAM.
Proposal 1: In case of continued lack of consensus in RAN3, the conclusion should be that TRP antenna information can be configured in the LMF via OAM.
Proposal 2: Agree the reply LS in [13].


3. Conclusion
3.1 UL-AoA
Observation 1: It is beneficial to update the uncertainty window from gNB, so that LMF can improve the AoA assistance information when it needs to be sent to UE
Proposal 1: In order to enhance the UL AoA assistance information with reduced complexity and costs impacts, it is proposed that gNB informs LMF about the AoA/ZoA uncertainties range in the TRP measurement Result UL AoA IE
Observation 2: Since the TRP Measurement Update Item IE has criticality "Reject", the reception of unknown TRP ID will be a case of procedure rejection with an Abstract Syntax Error (Reject) cause and criticality diagnosis sent in the NRPPa Error Indication procedure [8] indicating that the IE ID is not understood
Proposal 2: Remove the editor’s note in [7]
Observation 3: The LMF can derive the ARP location associated with UL measurements based on the PRS Resource ID signalled in the Measurement Beam Information IE
Proposal 3: RAN3 to agree that provisioning of ARP location associated with an UL measurement is supported implictely based on current specifications. Mobile TRP/ARP is not in the scope of Rel-17 positioning.

Observation 4: Multiple UL AoAs measurements can be reported up to 8 in the TRP Measurement Result IE. The measurements can be associated to a Rel-16 SRS resource ID and Rel-15 SRS resource ID for UL-RTOA and multiple UL-AoAs result; and a Rel-16 SRS resource ID only for gNB Rx-Tx and multiple UL-AoAs report.
Proposal 4: Add a new measurement UL SRS-RSRPP in the TRP Measurement Result IE with FFS pending RAN4 table mapping.
Observation 5: It creates redundancy and signalling overhead when many TRP measurements Results have the same time stamp being signalled for each.
Proposal 5.1: RAN3 to discuss and agree to have an UL Spatial direction information IE common for coordinate translations of multiple AoA reports
Proposal 5.2: Introduce a Common Time Stamp IE in the MEASUREMENT RESPONSE message when measurements in the first path are all having a common time stamp
Proposal 5.3: Introduce a Common Time Stamp per Path IE in the MEASUREMENT RESPONSE message when measurements in the additional paths are all having a common time stamp
Proposal 6: Discuss and agree TP to NRPPa BL CR
3.2 DL-AoD
Observation 1: Antenna-related configuration does not typically change on the fly because it causes changes in coverage and possible loss of UE connections; it is typically changed in a controlled way through OAM, and for this reason it does not seem justified to signal it over network interfaces.
Observation 2: RAN1 had considered 2 possible options to report beam/antenna information from the gNB to the LMF; only one of them, if implemented, would have a lower specification impact in RAN3.
Observation 3: A number of companies favored the introduction of this information in network signaling but no reply LS could be agreed, not even to mention the different specification impacts of the two options.
Observation 4: The lack of feedback from RAN3 to RAN1 has resulted in RAN1 agreeing on the option which, if implemented, would be the less optimal one.
Proposal 1: In case of continued lack of consensus in RAN3, the conclusion should be that TRP antenna information can be configured in the LMF via OAM.
Proposal 2: Agree the reply LS in [13].
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5. Annex: TP to NRPPa BL CR
<<START OF CHANGES>>
[bookmark: _Toc478159723][bookmark: _Toc51775960][bookmark: _Toc56772982][bookmark: _Toc64447611][bookmark: _Toc74152267][bookmark: _Toc88654120]8.5.1	Measurement
[bookmark: _Toc478159724][bookmark: _Toc51775961][bookmark: _Toc56772983][bookmark: _Toc64447612][bookmark: _Toc74152268][bookmark: _Toc88654121]8.5.1.1	General
The Measurement procedure allows the LMF to request one or more TRPs in the NG-RAN node to perform and report positioning measurements. This procedure applies only if the NG-RAN node is a gNB.
[bookmark: _Toc478159725][bookmark: _Toc51775962][bookmark: _Toc56772984][bookmark: _Toc64447613][bookmark: _Toc74152269][bookmark: _Toc88654122]8.5.1.2	Successful Operation


Figure 8.5.1.2.1: Measurement procedure. Successful operation.
The LMF initiates the procedure by sending a MEASUREMENT REQUEST message to the NG-RAN node, indicating in the TRP Measurement Request List IE the TRP(s) from which measurements are requested. The NG-RAN node shall use the included information to configure positioning measurements by the indicated TRP(s). If at least one of the requested measurements has been successful for at least one of the TRPs, the NG-RAN node shall reply with a MEASUREMENT RESPONSE message including the TRP Measurement Response List IE.
If the Report Characteristics IE is set to "OnDemand", the NG-RAN node shall return the corresponding measurement results in the MEASUREMENT RESPONSE message, and the LMF shall consider that this reporting has been terminated by the NG-RAN node. If the Report Characteristics IE is set to "Periodic", the NG-RAN node shall initiate the corresponding measurements, and it shall reply with the MEASUREMENT RESPONSE message without including any measurement results in the message. The NG-RAN node shall then periodically initiate the Measurement Report procedure for the corresponding measurements, with the requested reporting periodicity.
If the Measurement Beam Information Request IE is included in the MEASUREMENT REQUEST message, the NG-RAN node shall include the Measurement Beam Information IE in the Measurement Result IE of the MEASUREMENT RESPONSE message.
If the Measurement Quality IE is included in the Measurement Result IE in the MEASUREMENT RESPONSE message, the LMF may take it into account as the TRP estimate of the measurement quality. If the Measurement Quality IE includes the Zenith Quality IE, the LMF may take it into account within the angle measurement quality.
If the Timing Reporting Granularity Factor IE is included in the TRP Measurement Quantities IE in the MEASUREMENT REQUEST message, the NG-RAN node may take it into account when configuring measurements including UL RTOA and gNB Rx-Tx Time Difference.
If the System Frame Number IE and/or the Slot Number IE are included in the MEASUREMENT REQUEST message, the NG-RAN node shall, if supported, consider that the respective information indicates the activation time of SRS transmission.
If the Common Time Stamp IE is included in the MEASUREMENT RESPONSE message, the LMF may consider it as the time stamp of all the measured quantities in the TRP Measurement Result IE. If the Common Time Stamp path list IE is included in the MEASUREMENT RESPONSE message, the LMF may consider it as the time stamp of all the measured quantities in the additional path list in the TRP Measurement Result IE.
If the UL Spatial direction information IE is included in the MEASUREMENT RESPONSE message, the LMF may consider it as the common coordinate translation for all the UL AoA measurements in the TRP Measurement Result IE.
<<NEXT CHANGE>>
[bookmark: _Toc51775965][bookmark: _Toc56772987][bookmark: _Toc64447616][bookmark: _Toc74152272][bookmark: _Toc88654125]8.5.2	Measurement Report
[bookmark: _Toc51775966][bookmark: _Toc56772988][bookmark: _Toc64447617][bookmark: _Toc74152273][bookmark: _Toc88654126]8.5.2.1	General
The Measurement Report procedure allows the NG-RAN node to report positioning measurements to the LMF. This procedure applies only if the NG-RAN node is a gNB.
[bookmark: _Toc51775967][bookmark: _Toc56772989][bookmark: _Toc64447618][bookmark: _Toc74152274][bookmark: _Toc88654127]8.5.2.2	Successful Operation


Figure 8.z.2.2.1: Measurement Report procedure. Successful operation.
The NG-RAN node initiates the procedure by sending a MEASUREMENT REPORT message to the LMF. The MEASUREMENT REPORT message contains the measurement results according to the associated measurement configuration.
If the Common Time Stamp IE is included in the MEASUREMENT REPORT message, the LMF may consider it as the time stamp of all the measured quantities in the TRP Measurement Result IE. If the Common Time Stamp path list IE is included in the MEASUREMENT REPORT message, the LMF may consider it as the time stamp of all the measured quantities in the additional path list in the TRP Measurement Result IE.
If the UL Spatial direction information IE is included in the MEASUREMENT REPORT message, the LMF may consider it as the common coordinate translation for all the UL AoA measurements in the TRP Measurement Result IE.

[bookmark: _Toc51775968][bookmark: _Toc56772990][bookmark: _Toc64447619][bookmark: _Toc74152275][bookmark: _Toc81322978]8.5.3	Measurement Update
[bookmark: _Toc478159729][bookmark: _Toc51775969][bookmark: _Toc56772991][bookmark: _Toc64447620][bookmark: _Toc74152276][bookmark: _Toc81322979]8.5.3.1	General
The Measurement Update Procedure allows the LMF to notify the NG-RAN node of a change in a previously configured measurement. This procedure applies only if the NG-RAN node is a gNB.
[bookmark: _Toc478159730][bookmark: _Toc51775970][bookmark: _Toc56772992][bookmark: _Toc64447621][bookmark: _Toc74152277][bookmark: _Toc81322980]8.5.3.2	Successful Operation


Figure 8.5.3.2.1: Measurement Update: Successful Operation.
The LMF initiates the procedure by sending a MEASUREMENT UPDATE message. Upon receiving the
If the SRS Configuration IE is included in the MEASUREMENT UPDATE message, the NG-RAN node shall overwrite the previously received measurementstored SRS configuration.
If the AoA Search Window Information IE is included in the TRP Measurement Update List IE in the MEASUREMENT UPDATE message, the NG-RAN node shall clear any previously stored AoA search window information and store the newly received information. 

[bookmark: _Toc478159731][bookmark: _Toc51775971][bookmark: _Toc56772993][bookmark: _Toc64447622][bookmark: _Toc74152278][bookmark: _Toc81322981]8.5.3.3	Unsuccessful Operation
Not applicable.
[bookmark: _Toc478159732][bookmark: _Toc51775972][bookmark: _Toc56772994][bookmark: _Toc64447623][bookmark: _Toc74152279][bookmark: _Toc81322982]8.5.3.4	Abnormal Conditions
If the NG-RAN node cannot identify the previously requested measurement to be modified, it shall consider the procedure as failed and initiate local error handling.


<<NEXT CHANGE>>

[bookmark: _Toc51776011][bookmark: _Toc56773033][bookmark: _Toc64447662][bookmark: _Toc74152318]9.1.4.1	MEASUREMENT REQUEST
This message is sent by the LMF to request the NG-RAN node to configure a positioning measurement.
Direction: LMF  NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	NRPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	LMF Measurement ID
	M
	
	INTEGER (1..65536, …) 
	
	YES
	reject

	TRP Measurement Request List
	
	1
	
	
	YES
	reject

	>TRP Measurement Request Item 
	
	1..<maxnoofMeasTRPs>
	
	
	EACH
	reject

	>>TRP ID
	M
	
	9.2.24
	
	-
	

	>>Search Window Information
	O
	
	9.2.26
	
	-
	

	>>Cell ID
	O
	
	NR CGI
9.2.9
	The Cell ID of the TRP identified by the TRP ID IE.
	YES
	ignore

	>> AoA Search Window Information
	O
	
	UL-AoA Assistance Information 9.2.x4
	
	YES
	ignore

	Report Characteristics
	M
	
	ENUMERATED (OnDemand, Periodic, ...)
	
	YES
	reject

	Measurement Periodicity
	C-ifReportCharacteristicsPeriodic
	
	ENUMERATED (120ms, 240ms, 480ms, 640ms, 1024ms, 2048ms, 5120ms, 10240ms, 1min, 6min, 12min, 30min, 60min,…, 20480ms, 40960ms) 
	The codepoint 60min is not applicable
	YES
	reject

	TRP Measurement Quantities
	
	1
	
	
	YES
	reject

	>TRP Measurement Quantities Item
	
	1 .. <maxnoPosMeas>
	
	
	EACH
	reject

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

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

	SFN initialisation Time
	O
	
	Relative Time 1900
9.2.36
	If this IE is not present, the TRP may assume that the value is same as its own SFN initialisation time.
	YES
	ignore

	SRS Configuration
	O
	
	9.2.28
	
	YES
	ignore

	Measurement Beam Information Request
	O
	
	ENUMERATED (true,...)
	
	YES
	ignore

	[bookmark: OLE_LINK17]System Frame Number
	O 
	
	INTEGER(0..1023)
	
	YES
	ignore

	Slot Number
	O
	
	INTEGER(0..79)
	
	YES
	ignore

	Response Time
	O
	
	9.2.x6
	
	YES
	ignore



	Condition
	Explanation

	ifReportCharacteristicsPeriodic
	This IE shall be present if the Report Characteristics IE is set to the value "Periodic".



	Range bound
	Explanation

	maxnoPosMeas
	Maximum no. of measured quantities that can be configured and reported with one positioning measurement message. Value is 16384.

	maxnoofMeasTRPs
	Maxmum no. of TRPs that can be included within one message. Value is 64. 



[bookmark: _Toc51776012][bookmark: _Toc56773034][bookmark: _Toc64447663][bookmark: _Toc74152319][bookmark: _Toc88654172]9.1.4.2	MEASUREMENT RESPONSE
This message is sent by the NG-RAN node to report positioning measurements for the target UE.
Direction: NG-RAN node  LMF.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	NRPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	LMF Measurement ID
	M
	
	INTEGER (1..65536, …) 
	
	YES
	reject

	RAN Measurement ID
	M
	
	INTEGER (1..65536, …) 
	
	YES
	reject

	TRP Measurement Response List
	
	0..1
	
	
	YES
	reject

	>TRP Measurement Response Item 
	
	1..<maxnoofMeasTRPs>
	
	
	YESEACH
	ignorereject

	>>TRP ID
	M
	
	9.2.24
	
	-
	

	>> TRP Measurement Result
	M
	
	9.2.37
	
	-
	

	>>Cell ID
	O
	
	NR CGI
9.2.9
	The Cell ID of the TRP identified by the TRP ID IE.
	YES
	ignore

	>>Common Time Stamp
	O
	
	Time stamp
9.2.42
	Indicates that the measured values have the same time stamp
	YES
	ignore

	>>Common Time Stamp path List
	
	0 .. <maxnopath>
	
	
	EACH
	ignore

		>>>Common 	Time stamp
	M
	
	Time stamp
9.2.42
	Indicates that the measured values associated with the additional path have the same time stamp
	
	

	Criticality Diagnostics
	O
	
	9.2.11
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofMeasTRPs
	Maxmum no. of TRPs that can be included within one message. Value is 64. 

	maxnopath
	Maximum no. of additional path measurement. Value is 8.



<<NEXT CHANGE>>
[bookmark: _Toc51776014][bookmark: _Toc56773036][bookmark: _Toc64447665][bookmark: _Toc74152321][bookmark: _Toc88654174]9.1.4.4	MEASUREMENT REPORT
This message is sent by the NG-RAN node to report positioning measurements for the target UE.
Direction: NG-RAN node  LMF.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	NRPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	LMF Measurement ID
	M
	
	INTEGER (1..65536, …) 
	
	YES
	reject

	RAN Measurement ID
	M
	
	INTEGER (1..65536, …) 
	
	YES
	reject

	TRP Measurement Response List
	
	1
	
	
	YES
	reject

	>TRP Measurement Response Item
	
	1..<maxnoofMeasTRPs>
	
	
	EACH
	reject

	>>TRP ID
	M
	
	9.2.24
	
	-
	

	>> TRP Measurement Result
	M
	
	9.2.37
	
	-
	

	>>Cell ID
	O
	
	NR CGI
9.2.9
	The Cell ID of the TRP identified by the TRP ID IE.
	YES
	ignore

	>>Common Time Stamp
	O
	
	Time stamp
9.2.42
	Indicates that the measured values have the same time stamp
	
	

	>>Common Time Stamp path List
	
	0 .. <maxnopath>
	
	
	
	

	>>>Common Time stamp
	M
	
	Time stamp
9.2.42
	Indicates that the measured values associated with the additional path have the same time stamp
	
	



	Range bound
	Explanation

	maxnoofMeasTRPs
	Maxmum no. of TRPs that can be included within one message. Value is 64. 

	maxnopath
	Maximum no. of additional path measurement. Value is 8.



<<NEXT CHANGE>>
9.2.37	TRP Measurement Result
This information element contains the measurement result.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	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
	
	-
	

	>>Zenith Angle of Arrival
	M
	
	9.2.x5
	
	YES
	reject

	>>Multiple UL AoA
	M
	
	9.2.xx1
	
	YES
	reject

	>>UL SRS-RSRPP
	M
	
	9.2.xx2
	
	YES
	reject

	>Time Stamp
	M
	
	9.2.42
	If the Common Time Stamp IE is included in the MEASUREMENT RESPONSE message, this IE is ignored
	-
	

	>Measurement Quality
	O
	
	9.2.43
	
	-
	

	>Measurement Beam Information
	O
	
	9.2.57
	
	-
	

	>Positioning SRS Resource ID
	O
	
	INTEGER(0..63)
	
	YES
	ignore

	>SRS Resource ID
	O
	
	INTEGER(0..63)
	
	YES
	ignore

	>UL spatial direction information
	O
	
	LCS to GCS Translation
9.2.x7
	
	YES
	ignore



	Range bound
	Explanation

	maxnoPosMeas
	Maximum no. of measured quantities that can be configured and reported with one positioning measurement message. Value is 16384.



9.2.38	UL Angle of Arrival
This information element contains the uplink Angle of Arrival measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Azimuth Angle of Arrival
	M
	
	INTEGER(0..3599)
	TS 38.133 [16]

	Zenith Angle of Arrival
	O
	
	INTEGER(0..1799)
	TS 38.133 [16]

	LCS to GCS Translation
	O
	0..1
	9.2.x7
	If absent and the UL spatial direction information of the TRP is not provided, the azimuth and zenith are provided in GCS.

	>Alpha
	M
	
	INTEGER (0..3599)
	

	>Beta
	M
	
	INTEGER (0..3599)
	

	>Gamma
	M
	
	INTEGER (0..3599)
	

	Azimuth AoA Uncertainty Range
	O
	
	INTEGER(0..3599)
	

	Zenith AoA Uncertainty Range
	O
	
	INTEGER(0..1799)
	



<<NEXT CHANGE>>
9.2.xx1	Multiple UL-AoA
This information element contains the list of the multiple UL-AOAs values.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	List of UL AoA
	
	1..<maxnoofULAoAs >
	
	

	> UL-AoA value
	M
	
	9.2.38
	



	Range bound
	Explanation

	maxnoofULAoAs
	Maximum no of UL-AOAs values (pair of AOA & ZOA values) that can be reported. Value is 8



9.2.xx2	UL SRS-RSRPP
This information element contains the UL SRS RSRPP measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	UL SRS-RSRPP
	M
	
	FFS
	



<<NEXT CHANGE>>
ASN.1 to be provided pending on agreement
<<NEXT CHANGE>>
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