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1 Introduction
In this contribution, we provide summary of the enhancements for UL-AOA positioning proposed by companies in contributions [1]-[15]. In each section, we formulate tentative proposals for RAN WG1 discussion and decision, and capture views provided by companies during RAN1 e-mail discussion [107-e-NR-ePos-02]:
	[107-e-NR-ePos-02] Email discussion/approval on accuracy improvements for UL-AoA positioning solutions, with checkpoints for agreements on November 15 and 19 – Alexey (Intel)



2 Proposed Priority Order for Discussion
Companies are invited to provide views on all discussion aspects. Proposed priorities for upcoming GTW discussions are indicated in this section.
1 
2 
Round#1
For initial discussion during the RAN1#107-e, it is recommended to focus on Aspects 1 - Aspect 4.
· Aspect #1: Definition of Path Specific UL SRS-RSRP Measurements
· Aspect #2: Definition of Path Specific UL AOA Measurements
· Aspect #3: ARP Association with UL Measurements
· Aspect #4: UL-AOA Report Enhancements

3 UL-AOA Enhancements
3 
Aspect #1: Definition of Path Specific UL SRS-RSRP Measurement
The following views were expressed on definition of path specific UL SRS-RSRP measurement:
[Huawei, [1]]
· Confirm the definition of UL SRS-RSRPP implemented in the draft CR of TS 38.215.
[ZTE, [2]]
· The measured path SRS RSRP for ith path delay is defined as the power of the received SRS signal configured for the measurement at the ith path delay of the channel response, and
· Path SRS RSRP for 1st path delay is the power corresponding to the first detected path
· Note: Any updates on the definition of path PRS RSRP should also be amended to the path SRS RSRP
[CATT, [4]]
· The measured path UL SRS RSRP for first path delay is defined as the power of the received UL SRS signal configured for the measurement at the first path delay of the channel response
· The path UL SRS RSRP measurement is normalized with UL SRS RSRP.
· Note: TRP may choose to use a time window to compute path UL SRS RSRP by TRP implementation
· Note: This does not imply that the path delay has to be reported in UL-AoA positioning
· No support of reporting multiple UL SRS-RSRPs for the first arrival path of an SRS for positioning resource in Rel-17
[OPPO, [5]]
· The path UL SRS RSRP is defined as follows:
· The measured path UL SRS RSRP for ith path delay is defined as the power of the received UL SRS signal configured for the measurement at the ith path delay of the channel response.
· In gNB reporting, the path UL SRS RSRP is normalized with the RSRP of the corresponding SRS resource.
[Sony, [7]]
· The measured path UL SRS RSRP for ith path delay is defined as the power of the received UL
· SRS signal configured for the measurement at the ith path delay of the channel response, and path UL SRS RSRP for 1st path delay is the power corresponding to the first detected path
· The path RSRP measurement is normalized with legacy SRS RSRP.
· Note: gNB may choose to use a time window to compute path UL SRS RSRP by gNB implementation (there is no impact to specifications managed by RAN1 for this) ○ Note: This does not imply that the path delay has to be reported in UL-AoA positioning
[NTT DOCOMO, [13]]
· The measured path SRS RSRP for ith path delay is defined as the power of the received SRS signal configured for the measurement at the ith path delay of the channel response, and
· path SRS RSRP for 1st path delay is the power corresponding to the first detected path
· Note: gNB may choose to use a time window to compute path SRS RSRP by gNB implementation (there is no impact to specifications managed by RAN1 for this)
· Note: This does not imply that the path delay has to be reported in UL-AoA positioning
· Send LS to RAN4 to check the details of the definition and feedback if they identify any update is necessary
[Ericsson, [15]]
· The measured path UL SRS RSRP for ith path delay is defined as the power of the received UL SRS configured for the measurement at the ith path delay of the channel response, and
· UL SRS can be the SRS for positioning or the SRS for MIMO path UL SRS RSRP for 1st path delay is the power corresponding to the first detected path
· FFS: Whether the path RSRP measurement is normalized with SRS- RSRP.th
· 	FFS: Whether the definition of the i path delay (other than i=1) is required.
· Note: This does not imply that the path delay has to be reported in UL-AoA positioning
· Send LS to RAN4 to check the details of the definition and feedback if they identify any update is necessary

Summary
Companies provided similar definitions based on path DL PRS RSRP similar to the one provided by specification editor. According to FL understanding, the definition of path UL SRS-RSRP is already endorsed with brackets for measurement reference point and receiver diversity considerations.

Round#1
Based on review of contributions, the following is proposed to facilitate further discussion: 
Proposal 3.1-1
· Remove brackets in the following definition of path UL SRS RSRP (UL SRS-RSRPP) and endorse it
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.
· [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. For frequency range 1 and 2, if receiver diversity is in use by the gNB, the reported UL SRS-RSRPP value shall not be lower than the corresponding UL SRS-RSRPP of any of the individual receiver branches.] 
· Note: Definition is applied for both SRS for MIMO and SRS for positioning.

Comments from companies:
	1 – CATT Support

	2 – Qualcomm Incorporated
OK with the proposal

	3 – Nokia Japan
Support the proposal

	4 – ZTE Corporation OK with the proposal

	5 – HUAWEI TECHNOLOGIES Co. Ltd.
We disagree with the proposal to remove ”[” and ”]” for reference point and receiver diversity. Actually we have proposal on this, but it is listed elsewhere. The proposal are captured below.
Proposal 2: For path UL SRS RSRP measurement reporting, when receiver diversity is in use, support reporting the Rx branch set ID to identify whether different path RSRP measurements are associated with the same Rx branch set.
●    Spatial filtering based on the UL-AoA measurement on the Rx branches in the Rx branch set is optional.
Proposal 3: Send an LS to RAN4 asking whether the reference point for RSRP measurement, including UL SRS-RSRP and path UL SRS-RSRP, should be differentiated with different base station types (1-C, 1-H, 1-O/2-O).

	6 – Guangdong OPPO Mobile Telecom.
Support

	7 – Fraunhofer IIS
Support

	8 – Intel Finland Oy
Support

	9 – vivo Mobile Communication Co.
we can leave Rx branch issue to the RAN4 decided

	10 – Ericsson Inc.
we need to discuss the receiver diversity further. one option is to report the branch, another is to specify that the same branch is used across first and additional path when reported.

	11 – Samsung Research America okay with the proposal


Summary
· Majority of companies (9 out of 11) supported original FL proposal on definition of SRS-RSRPP, including RX diversity and reference point considerations. The following additional points were raised:
· Association and report of RX branch set with UL SRS-RSRPP measurement to handle RX diversity
· First and additional path, when reported use the same RX branch or RX branch set is reported for each path
· Differentiation of reference point for UL SRS-RSRP and SRS-RSRPP for different base station types
Considering provided feedback, RAN1 needs to agree on how to proceed further. Option 1 - do not change definition. Option 2 - introduce new association and report of RX branch set ID with UL SRS-RSRPP measurements. According to FL understanding Option 1, does not preclude combining which is left up to implementation
Round#2
Considering the received comments the proposal is revised as follows
Proposal 3.1-2
· The following definition for UL SRS-RSRPP is endorsed:
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.
· Select one of the following alternatives for UL SRS-RSRPP definition:
· Alt.1: Add the following text to the UL SRS-RSRPP definition above
· 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. For frequency range 1 and 2, if receiver diversity is in use by the gNB, the reported UL SRS-RSRPP value shall not be lower than the corresponding UL SRS-RSRPP of any of the individual receiver branches
· Note: First and additional paths, when provided in the same report, use the same RX branch selected for the first arrival path
· Alt.2: Enhance gNB reporting to LMF
· UL SRS-RSRPP measurement is associated and reported with RX branch set ID
· Send an LS to RAN4 to clarify whether UL SRS-RSRP and UL SRS-RSRPP should be differentiated for different base station types (1-C, 1-H, 1-O/2-O).

Comments from companies:

	1 – Intel Finland Oy
Support Alt 1, we believe that the combining of multiple measurements received from the multiple RX chains is not precluded. It is explicitly said that ”the reported UL SRS-RSRPP value shall not be lower than the corresponding UL SRS-RSRPP of any of the individual receiver branches.”
Possibly for the note under Alt. 1, we can add that if UL SRS-RSRP (for all paths) is reported, then it should be also from the same RX branch(s).

	2 – CATT
We are okay with Alt.1. For Intel’s comment, it is unclear to us what the intention for adding a note: ”if UL SRS-RSRP (for all paths) is reported, then it should be also from the same RX branch(s)”. Does it suggest to introduce per Path and per Rx branch RSRP?

	3 – Ericsson Inc.
We support Alt1, but we think the first bullet, regarding the choice of Rx Branch to report, should be for the first path only, and the note will apply for additional path. currently it seems we still choice rx branch to report independently for each path.
proposed rewording:

For frequency range 1 and 2, if receiver diversity is in use by the gNB, the reported UL SRS-RSRPP for the first arrival path value shall not be lower than the corresponding UL SRS-RSRPP of any of the individual receiver branches. First and additional paths, when provided in the same report, use the same RX branch selected for the first arrival path.

	4 – Nokia Japan
We prefer Alt.1 We think the first note may clarify an ambiguity issue related to Rx branch. For the suggestion to add an additional note, we would like to ask for the clarification on what the difference is.

	5 – Sony Europe B.V.
Support and our preference is ALT.1

	6 – Guangdong OPPO Mobile Telecom.
We prefer Alt1.

	7 – ZTE Corporation
Alt.1 without the note. It’s by UE implementation to combine the signal from different Rx branches. A smart UE may use the same mechanism to combine the signal.

	8 – NTT DOCOMO INC.
We prefer Alt.1

	9 – HUAWEI TECHNOLOGIES Co. Ltd.
We support Alt.2 for both handling of Rx branches and reference point.
There could be multiple solutions to handle first path and additional path when it comes to the selection of Rx branches, and the only solution taking into account the flexibility of the gNB implementation is to


report the branch ID or branch set ID (for the cases of multiple branches combining). Note that for UL-AoA measurement for type 1-C or 1-H gNBs, use of multiple branches is typical.
For the reference point, some gNB in FR1 does not have antenna connector available, and it should be useful to ask RAN4 for clarification.

Aspect #2: Definition of Path Specific UL AOA Measurements
RAN1 agreed to support first arrival path (and additional paths) UL SRS-RSRP and UL AOA measurements. The definition of path UL SRS-RSRP measurement is under discussion. Based on FL understanding, similar definition needs to be introduced for path UL-AOA measurement.
Round#1
FL proposes to discuss the definition of path UL-AOA measurement and use the following definition as a starting point for discussion:
Proposal 3.2-1
· The following definition of per path UL AOA measurement is endorsed
Table 1: Definition of path specific UL-AOA measurement
	Definition
	Per path UL Angle of Arrival (UL P-AoA) is defined as the estimated azimuth angle and vertical angle for the measured angles at the i-th path delay of the channel response, where UL P-AOA for 1st path delay is the angle of arrival corresponding to the first detected path, with respect to a reference direction, wherein the reference direction is defined:
· In the global coordinate system (GCS), whereinestimated azimuth angle is measured relative to geographical North and is positive in a counterclockwise direction and estimated vertical angle is measured relative to zenith and positive to horizontal direction
· In the local coordinate system (LCS), wherein estimated azimuth angle is measured relative to x-axis of LCS and positive in a counter-clockwise direction and estimated vertical angle is measured relative to zaxis of LCS and positive to x-y plane direction. The bearing, down-tilt and slant angles of LCS are defined according to TS 38.901 [15].
The UL P-AoA is determined at the gNB antenna for an UL channel corresponding to this UE.
Note: Multiple UL P-AOAs pairs can be reported per single path



Comments from companies:
	1 – CATT
We are fine with the proposed definition of per path UL AOA measurement.

	2 – ZTE Corporation
We don’t see the need to have per path UL AOA measurement, so as to timing of first detected path, which already has clean description in NRPPa on how to report UL-AOA in Rel-16 . It’s up to gNB implementation on how to report per path UL AOA.

	3 – Nokia Japan
We prefer not to define this and leave this up to gNB implementation.

	4 – Guangdong OPPO Mobile Telecom.
We do not see the need to define per path UL AoA measurement too. It is up to gNB implementation

	5 – Intel Finland Oy
Support

	6 – Ericsson Inc.
we think the P-AoA need not be defined. Similar to AoA it is up to implementation.

	7 – vivo Mobile Communication Co.
We do not see the need to define per path UL AoA measurement too. It is up to gNB implementation

	8 – Samsung Research America
No need to define per path UL AoA.


Summary
Seems majority of companies do not see the need to introduce per path UL - AOA measurement definition although such measurements were agreed by RAN1. The arguments to skip such definition is to leave it up to gNB implementation. It can be reminded that definition of UL-AOA measurement was defined in R16 and LMF needs to differentiate two types of gNB reports.

Round#2
Seems majority of companies do not see the need to introduce per path UL - AOA measurement definition. Companies are encouraged to provide their views on the following questions:
· Q1: Given that Rel.17 introduced UL-SRS-RSRPP definition, why per path UL-AOA measurement definition should be left up to gNB implementation?
· Q2: How LMF can interpret R17 per path UL-AOA if definition is not introduced?
Comments from companies:
	1 – Intel Finland Oy
We believe that the definition for the per path UL-AOA needs to be provided.

	2 – CATT
Our question is: We have the agreement to reporting multiple UL-AOA per path. If there is no definition, we are wondering what is the difference or separate the UL-AOA for the first path and the additional paths.

	3 – Guangdong OPPO Mobile Telecom.
For Q1: the current definition of UL AoA can be applied to per path without need for change. Please note the UL AoA is defined as the estimated angles of UE with respect to a reference direction. Such definition can be applied to one SRS resource, or a path in uplink channel.
For Q2: the LMF would interpret it as the UL AoA estimated from that particular path.

	4 – Qualcomm Incorporated
We could be open for a definition, even though, it seems it may not be needed, since the definition of 38.215 is general enough. To be more specific, we acknowledge that we have path-AoA in Rel-17, whereas in Rel16, we didnt directly talked about it. However, isnt that what a Rel-16 TRP would already do? In other words, wouldnt a typical TRP receive the SRS, determine the time-domain response, find the earliest path, and report an AoA associated with that path? I think the Rel-17 enhancement is to enable a TRP to report multiple UL-AOAs for a given one RTOA/RxTx, and the case of single UL-AoA<->RTOA/RxTx (rel-16 behavior) is included. Note that in DL-AoD, the PRS-RSRP was written in a more narrow way, so we had to generalize it to include the concept of ”path” in the definition.

	5 – Nokia Japan
Q1: It is clear that for timing we defined the original measurement with the idea of paths in mind. SRSRSRP and PRS-RSRP are clearly averaged over the full symbols and have nothing to do with paths, so the definition of RSRP per path was necessary. However, AoA is different it is not the averaged value and there is a reference direction in the definition. The current AoA definition can be directly valid for each path.
Q2: Wethink that itshouldbeclearthat the TRPcanreporta setof timingpaths andUL-AoA measurements associated with those paths

	6 – ZTE Corporation
Q1: the current AOA reporting can also be applied to path AOA.
Q2: if the UL-AOA is assocaiated with a path, it should be interpreted by a path UL-AOA.



Aspect #3: ARP Association with UL Measurements
The following views were expressed on association of ARP (antenna reference point) with UL positioning measurements
[ZTE, [2]]
· gNB/TRP can optionally report the association of UL-AOA measurement result with ARP information in the following cases,
· Measurement Beam Information is not requested by LMF.
· The TRP only supports UL based positioning so that DL PRS resources are not configured.
· The TRP only supports RP functionality.
[OPPO, [5]]
· In addition to UL-AoA, the TRP can report the ARP for each UL-TDOA, gNB Rx-Tx time difference and SRS-RSRP measurement result.
· The ARP location relative to the geographical coordinates for the TRP is provided for each UL measurement result.
[Nokia, [6]]
· Regarding the association of UL-AoA measurements with gNB ARP, support the gNB to report an AoA measurement and its associated ARP ID.
· A single ARP ID is assigned to geographical location information of a group of at least one reception antenna
· Send an LS to RAN3 including the discussion result at RAN1 #107e and the previous agreement
· LMF may provide a threshold to the gNB to determine the AoA measurement report and its associated ARP information.
· Note: the threshold value is related to near-field/far-field discrimination
· If the difference of the values of one or more AoA measurements from different ARPs are less than the threshold, the gNB may report a single AoA measurement estimated by using all reception antennas for the ARPs.
· If the difference of the values of multiple AoA measurements from different ARPs are greater than the threshold, the gNB may report those AoA measurement with their associated ARP IDs.
· LMF may provide the gNB with level/size of an antenna group of an ARP per TRP to help the gNB implementation for AoA estimation.
· Note: When TRP peforms AoA measurements for the target UE, it may start with the recommended antenna group size assuming a single incident angle for each antenna group.
[Intel, [8]]
·  Support introduction of the UL ARP ID, which is associated with the UL ARP Location
· The UL ARP Location is introduced relative to the TRP geographical coordinates
· Support association of the UL-AOA, UL-RTOA, and UL SRS-RSRP measurements with the UL ARP ID

Round#1
To facilitate further discussion, the following is proposed: 
Proposal 3.3-1
· ARP ID is defined and associated with ARP location and UL measurements for NR Positioning (UL-AOA, UL-RTOA, UL-SRS-RSRP and gNB Rx-Tx time difference measurements)
· Send LS to RAN3 with all agreements related to ARP support for NR positioning gNB measurements and ask them to enable feature in RAN3 specification 

Comments from companies:
	1 – CATT
We are supportive to associate any or all UL measurements for NR Positioning (UL-AOA, UL-RTOA, UL-SRS-RSRP and gNB Rx-Tx time difference measurements) with ARP.
 
But, it is unclear what it means by “ARP ID is defined and associated with ARP location” in the proposal. In our view, the ARP ID and the association of the ARP location are already defined in TS 38.455, and there is no need to define it again.
 
Suggest changes:
 
ARP ID is defined and associated with ARP location and UL measurements for NR Positioning (UL-AOA, UL-RTOA, UL-SRS-RSRP and gNB Rx-Tx time difference measurements) 
Association of UL measurements for NR Positioning (UL-AOA, UL-RTOA, UL-SRS-RSRP and gNB RxTx time difference measurements) with gNB ARP is supported in Rel.17.

	2 – Qualcomm Incorporated
Support the change from CATT

	3 – Nokia Japan
Support FL proposal. Whenever the gNB reports measurements, if the gNB always need to report the ARP information, it may lead unnecessary overhead. An ARP ID may represent geographical location of a group of antennas.

	4 – ZTE Corporation
Support the proposal. In addition, we think the ARP location should be defined relative to an assocaited TRP location.
To CATT,

	In Rel-16, there is no ARP ID in spec, the position of ARP is always associated with a DL PRS resource set or DL PRS resource. Since we’re talking about UL measurement, it’s better to define a separate ARP ID to decouple the DL transmission.

	5 – HUAWEI TECHNOLOGIES Co. Ltd.
We think the simple way to do so is to report the ARP location (instead of ARP ID, assuming location is reported elsewhere and ID is used to link it) in the measurement report. This is already captured in the higher layer parameter list.
The remaining issue is up to RAN3.

	6 – Guangdong OPPO Mobile Telecom.
We do not support to define a APR ID.
The function is the TRP reports the ARP location in each measurement report and the signaling design is up to RAN3

	7 – Fraunhofer IIS
We share similar views as Huawei

	8 – Intel Finland Oy
Support the FL’s proposal, we believe it is unnecessary to report the ARP location all the time with the measurement, so introduction of ARP ID is useful from the perspective of overhead reduction.

	9 – Ericsson Inc.
the ARP is already agreed to be introduced. we think RAN3 can handle the signalling.

	10 – vivo Mobile Communication Co.
We share similar views as Ericsson

	11 – Samsung Research America We share similar views as Ericsson



Round#2 (Under E-mail discussion on reflector)
Based on received feedback the following revised proposal was made for endorsement by e-mail:
Proposal 3.3-2
· 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

Aspect #4: UL-AOA Report Enhancements
The following aspects were discussed with respect to UL-AOA measurements and reporting enhancements:
[Huawei, [1]]:
· For path UL SRS RSRP measurement reporting, when receiver diversity is in use, support reporting the Rx branch set ID to identify whether different path RSRP measurements are associated with the same Rx branch set.
· Spatial filtering based on the UL-AoA measurement on the Rx branches in the Rx branch set is optional.
[ZTE, [2]]
· There is no need for gNB/TRP to report multiple path SRS RSRPs for the first arrival path since the path SRS RSRP should be defined in time domain. 
· Don’t support gNB/TRP to report one UL-RTOA and one gNB Rx-Tx time difference simultaneously for the first arrival path
[vivo, [3]]
· For the first arrival path measurements on SRS for positioning resource,
· Do not support gNB to 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}.
· For the first arrival path measurements on SRS for MIMO resource,
· Do not support gNB to report to LMF the following set of measurements {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA}.
[OPPO, [5]]
· Support the gNB to report the following path-specific measurement for each path in SRS resource:
· For one path in SRS resource, the gNB can report {path SRS RSRP, multiple UL-AoAs, one UL-RTOA or one gNB Rx-Tx time difference}
[Nokia, [6]]
· Remove FFS of the previous agreement at RAN1#106bis-e meeting to support additional option for the first arrival path measurements, as follows:
· For the first arrival path measurements on SRS for positioning resource, 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}
· For the first arrival path measurements on SRS for MIMO resource, gNB can report to LMF the following set of measurements {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA} 
[Sony, [7]]
· Support measurement of a AoA statistical property (e.g., statistical property / standard deviation of multiple AoA/ZoA measurements in UL-AoA measurement) as a new quality indicator in the quality matrixes, reported from gNB to LMF.
[Intel, [8]]
· In case if multiple RSRP measurements are reported, clarify the structure of the report:
· Clarify if multiple RSRP values can correspond to the multiple UL-RTOA and gNB Rx-Tx time difference measurements
[InterDigital, [10]]
· For the first arrival path measurements on SRS for positioning resource, support gNB to report the following set of measurements{multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one
· UL-RTOA, one-gNB Rx-Tx time difference} where there is one-to-one relationship between SRS-RSRP and UL-AOA
· For the first arrival path measurements on SRS for MIMO resource, support gNB to report the following set of measurements{multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA, one-gNB Rx-Tx time difference} where there is one-to-one relationship between SRS-RSRP and UL-AOA  
[Apple, [11]]
· For UL-AOA positioning, when multiple positioning SRS resources are received, gNB shall report UL-AoA measurements associated to the first arrival path of two positioning SRS resources; the one with the largest SRS-RSRP and another one with the shortest UL-RTOA.
[LGE, [12]]
· If a benefit of reporting multiple SRS-RSRPs is not clearly justified, it does not need to introduce gNB can report to LMF the following set of measurements {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA or one-gNB Rx-Tx time difference}
[Qualcomm, [14]]
· Support a gNB to be able to 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}.
[Ericsson, [15]]
· For the first arrival path measurements on SRS for positioning resource:
· Several measurement instances consisting of the agreed tuples {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA}or {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one-gNB Rx-Tx time difference} can be included in a measurement report.
· Each measurement instance may be associated with a timestamp, which can be the same or different.

Summary:
Companies expressed diverse views on the need for further enhancements of UL-AOA reporting especially on support of multiple first arrival path SRS-RSRP values together with multiple UL-AOA values and one UL RTOA or gNB Rx-Tx time difference. Additional points that were raised in tdocs and proposed are:
· Report of a AoA statistical property [7]
· Report of the Rx branch set ID to identify whether different path RSRP measurements are associated with the same Rx branch [1]
· Report of UL-AoA measurements associated to the first arrival path of two positioning SRS resources; the one with the largest SRS-RSRP and another one with the shortest UL-RTOA [11]
           
Round #1
Based on review of contributions, the following is proposed to facilitate further discussion as a starting point: 
Proposal 3.4-1
· For the first arrival path measurements on SRS for positioning resource,
· gNB can report to LMF multiple sets of the following measurement tuples {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA} 
· gNB can report to LMF multiple sets of the following measurement tuples {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one-gNB Rx-Tx time difference}
· For the first arrival path measurements on SRS for MIMO resource,
· gNB can report to LMF multiple sets of the following measurement tuples {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA} 
· gNB can report to LMF multiple sets of the following measurement tuples {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one-gNB Rx-Tx time difference}  
· Above gNB measurements are associated with SRS resource ID and timestamp, which are also reported to LMF 

Comments from companies:
	1 – CATT
It is unclear for us what it means by “gNB can report to LMF multiple sets of the following measurement tuples {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA} for first arrival path measurements on SRS for positioning resource”. In these multiple sets, does the reported UL-RTOA have the same value or different values? If they have the same value, there is no need to report the same value multiple times in different sets. If they have different values, then only one of them is the 1st path UL-RTOA, and the rest of them can only be additional path RTOA by the definition. Thus, it seems not meaningful for the gNB to provide LMF multiple sets of the following measurement tuples {one SRS-RSRP, multiple
UL-AOAs (AoA/ZoA pairs), one UL-RTOA}

	2 – Qualcomm Incorporated
It is also unclearto us the above proposal. We understand if the proposal is written as: 
{multiple SRS-RSRP, 

	multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA/gNB-Rx-Tx}. Each SRS-RSRP will correspond to one of the angles at the chosen UL-RTOA/gNBRxTx. We are supportive if it is written that way the proposal.

	3 – Nokia Japan
It is unclear for us to understand the proposal. We prefer to keep discussing based on the FFS points of the previous proposal. We are supportive of introducing multiple SRS-RSRPs since the gNB can report multiple AoAs. If we need further clarification, we may need a note such that each SRS-RSRP corresponds to the each AoA measurement.

	4 – ZTE Corporation
We don’t see the need to support the FFS in agreement of last meeting.

	5 – HUAWEI TECHNOLOGIES Co. Ltd.
To our understanding, reporting {multiple path-RSRP, multiple AoA, single TOA} can be implemented by the proposal by adopting multiple tuples of {single path-RSRP, multiple AoA, single TOA}, which we believe is the intention of the proposal, and we support it.

	6 – Guangdong OPPO Mobile Telecom.
Support the proposal in principle and we need one note ”the measurement and reporting on SRS resource for MIMO is transparent to UE” to clarify there is no impact on UE.

	7 – Intel Finland Oy support the FL’s proposal and share the same view as HW.

	8 – Ericsson Inc.
suppowe the proposal.

	9 – vivo Mobile Communication Co.
We think it is not equal to the previous FFS {multiple path-RSRP, multiple AoA, single TOA}is replaced by multiple agreed tuples {single path-RSRP, multiple AoA, single TOA}reporting. We think it can be address by RAN3 considering that this proposal does not have much actual content, it only supports multiple agreed tuples reporting

	10 – Samsung Research America
This proposal is not clear to us. Further modification is needed.



Summary:
It seems there is no common understanding on the report of multiple first path SRS-RSRP measurements together with {multiple UL-AOA, UL-RTOA/gNB Rx-Tx measurements}. The intention of the original proposal from FL is to support reporting {multiple path-RSRP, multiple AoA, single TOA} through report of multiple tuples of {single path-RSRP, multiple AoA, single TOA}. Otherwise, it is not clear how multiple measurements are mapped to each other. It is also becomes unclear why multiple RSRP measurements correspond to single TOA (i.e. not multiple TOAs).
Considering that this aspect is discussed over multiple meetings, RAN1 needs to resolve it this meeting.

Round#2
The following revision is proposed to facilitate further discussion:
Proposal 3.4-2
· Select one of the following alternatives
· Alt.1
· For the first arrival path measurements on SRS for positioning resource, gNB can report to LMF multiple sets of the following measurement tuples {one SRS-RSRPP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA or one gNB Rx-Tx time difference} 
· For the first arrival path measurements on SRS for MIMO resource, gNB can report to LMF multiple sets of the following measurement tuples {one SRS-RSRPP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA or one-gNB Rx-Tx time difference}
· Alt.2
· For the first arrival path measurements on SRS for positioning resource, gNB can report to LMF multiple sets of the following set of measurements {multiple SRS-RSRPP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA or one gNB Rx-Tx time difference}
· For the first arrival path measurements on SRS for MIMO resource, gNB can report to LMF multiple sets of the following set of measurements {multiple SRS-RSRPP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA or one-gNB Rx-Tx time difference}
· Above gNB measurements are associated with SRS resource ID and timestamp, which are also reported to LMF

Comments from companies:
	1 – Intel Finland Oy
We prefer Alt 1.
In Alt 2 we do not understand why we report multiple RSRPs and a single UL-RTOA or gNB Rx-Tx time difference measurements.
If different RSRPs can be obtained with different RX beamforming settings, then the timing measurements can be also different.

	2 – CATT
We do not support Alt.2.
For Alt.1, are we assume the multiple set of measurement tuples {one SRS-RSRPP, multiple UL-AOAs


(AoA/ZoA pairs), one UL-RTOA or one gNB Rx-Tx time difference } are measured at the different time instances and marked with different timestamps? If so, we suggest making it clear by saying ”gNB can report to LMF multiple sets of the following measurement tuples {one SRS-RSRPP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA or one gNB Rx-Tx time difference } and each set has its own timestamps.
3 – Ericsson Inc.
ok with alt2. we assume alt1 is already possible with the current agreements on supporting the {one SRSRSRPP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA or one gNB Rx-Tx time difference } tuple. alt2 allows to report the power for different angle at the same UL-RTOA, without repeating the UL-RTOA in each tuple.
4 – Sony Europe B.V.
We have similar views as Ericsson. We are OK with ALT.2
5 – Guangdong OPPO Mobile Telecom.
We are ok with Alt1.
Question on Alt2: how can we report multiple RSRPs for one path in one reporting instances?
6 – Qualcomm Incorporated
We support Alt. 2 with the same understanding as Ericsson. At a given RTOA/RxTx, there is power angle profile. The TRP will be reporting a quantized version of that profile. It may have multiple AoAs inside, and each one has a different SRS-RSRPP.
7 – Nokia Japan
Similar view with Ericsson. We prefer Alt.2
8 – ZTE Corporation
We don’t see the need to support either Alt.1 or Alt.2.
In our view, aside from the agreeemnt we made in last meeting, the following issues need to be discussed, • Issue#1: Whether gNB/TRP can report multiple path SRS RSRPs for the first arrival path
• Issue#2: Whether gNB/TRP can report one UL-RTOA and one gNB Rx-Tx time difference simultaneously for the first arrival path
For Issue#1, we think the intention is that we have already agreed to support gNB/TRP to report up to 8 UL-AOA/ZOA values for first arrival path, where each UL-AoA/ZoA value may correspond to one RSRP. However, according to the discussion in DL-AoD, the path RSRP should be defined in time domain rather than spatial domain, Furthermore, as defined in TS 38.215 for SRS RSRP, if receiver diversity is in use by the gNB, the reported SRS-RSRP value shall not be lower than the corresponding SRS-RSRP of any of the individual receiver branches, which means the path RSRP has already considered the all the power contributions from spatial domain.
For Issue#2, LMF will take a differential operation between two UL-RTOA values to construct a TDOA value. The TDOA value may not be impacted by the clock misalignment between UE and TRPs because of the differential operation. However, the TDOA value is still biased from the actual value due to the synchronization error between the two TRPs. But it’s a different story for Multi-RTT. The RTT value is not affected by either clock misalignment between UE and TRPs or synchronization error between TRPs. Furthermore, the TDOA value can also be obtained by taking differential operation for two RTTs from different TRPs. Hence, the gNB Rx-Tx time difference can provide more information than UL-RTOA, and
	there is no need to report one UL-RTOA and one gNB Rx-Tx time difference simultaneously for the first arrival path.

	9 – NTT DOCOMO INC.
We have similar view with Ericsson and support Alt.2.

	10 – HUAWEI TECHNOLOGIES Co. Ltd.
Our preference is Alt.1 and we can live with Alt.2.



Aspect #5: Additional Assistance Signalling
The following views were expressed to improve AoA/ZoA assistance signaling:
[Sony, [7]]
· Support LMF to provide a time validity information associated with the expected AoA/ZoA range.   
· Expected AoA/ZoA range assistance information can be explicitly indicated to be used for one positioning measurement. 

Summary
This aspect has been discussed at the previous meetings. Based on inputs so far only one company shows interest to further improve assistance signaling framework, while many companies mentioned that this aspect can be solved by LMF implementation. It seems challenging to reach consensus on this topic and thus it is proposed not to pursue this topic further in Rel.17.
     
Round #1
Companies are invited to provide views on proposal below:
Proposal 3.5-1
· Do not pursue further optimizations of AoA/ZoA assistance signaling in Rel.17

	1 – CATT
FL’s proposal is fine for us.

	2 – ZTE Corporation OK with the conclusion.

	3 – HUAWEI TECHNOLOGIES Co. Ltd.
OK

	4 – Guangdong OPPO Mobile Telecom.
Support the proposal

	5 – Fraunhofer IIS
Support

	6 – Intel Finland Oy
OK

	7 – Ericsson Inc.
support the FL proposal.

	8 – vivo Mobile Communication Co.
OK

	9 – Samsung Research America
Support



Aspect #6: SRS for Positioning Power Control
The following views were expressed on power control enhancements for SRS for positioning
[OPPO, [5]]
· Support closed-loop power control on SRS for positioning.
· Support to configure power control parameter per SRS resource for positioning
[Samsung, [9]]
· The power control enhancement for SRS-pos to improve UL-AOA based solution should be considered.

Summary
This aspect has been discussed multiple meetings in FL summary documents. Based on inputs so far, only two companies have shown interest to further enhance power control functionality for SRS for positioning. Many companies have expressed negative views at the previous meetings, including out of WI scope arguments. It seems situation did not change, and it is still challenging to reach consensus on this topic and thus it is proposed not to pursue this topic further in Rel.17.
            
Round #1
Companies are invited to provide views on proposal below: 
Proposal 3.6-1
· Do not pursue power control enhancements for SRS for positioning in Rel.17

	1 – CATT
FL’s proposal is fine for us.

	2 – Nokia Japan
We are okay with this proposal.

	3 – ZTE Corporation OK with the conclusion.

	4 – HUAWEI TECHNOLOGIES Co. Ltd.
OK

	5 – Fraunhofer IIS
Ok for RRC connected, not aspects are concluded for the RRC Incative state.

	6 – Intel Finland Oy
OK

	7 – Ericsson Inc.
OK

	8 – vivo Mobile Communication Co.
We share the same view as Fraunhofer IIS
So, could we modify as
- Do not pursue power control enhancements for SRS for positioning in RRC_CONNECTED UE in Rel.17

	9 – Samsung Research America
Okay



Aspect #7: Beamforming and UL AOA Estimation
Beamforming related aspects in application to UL-AOA estimation were discussed by two companies:
[Nokia, [6]]
· UL RSRP accuracy function is shown as a function of beamforming codebook selection and steering TX and RX steering vectors must be aligned toward a steering direction
· Configuration of a beamforming codebook affects accuracy of measured UL-RSRP values
· Study beam resolution control/recommendation by LMF for more accurate AoA measurement by beam interpolation based AoA estimation method based on RSRP measurements. 
· Request to gNB: beam resolution recommendation, number of RSRP measurement
[Samsung, [9]]
· Support differential beamforming technique for UL-AOA positioning methods.

Summary
This aspect has been presented and discussed at the previous meetings. Based on inputs so far, only two companies have shown interest to further enhance beamforming for UL-AOA and there is no additional support. Many companies have expressed views, gNB RX beamforming aspects can be left up to implementation. It seems challenging to reach consensus on this topic and thus it i proposed not to pursue this topic further in Rel 17. 

Round #1
Companies are invited to provide views on proposal below: 
Proposal 3.7-1
· Do not pursue specification work for gNB RX beamforming enhancements for UL-AOA estimation in Rel.17

	1 – CATT
FL’s proposal is fine for us.

	2 – ZTE Corporation OK with the conclusion

	3 – HUAWEI TECHNOLOGIES Co. Ltd.
OK

	4 – Guangdong OPPO Mobile Telecom.
Ok

	5 – Intel Finland Oy ok

	6 – Ericsson Inc.
OK

	7 – vivo Mobile Communication Co.
OK

	8 – Samsung Research America
Ok



4 Conclusions
In this contribution, we provided review of the submitted contributions for NR Positioning UL-AOA enhancements and prepared set of proposals to facilitate further discussion/decision by RAN WG1 during the RAN1#107-e meeting.
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