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Introduction
In this contribution, we provide summary of the enhancements for UL-AOA positioning proposed by companies in contributions [1]-[17]. In each section, we formulate tentative proposals for RAN WG1 discussion and decision, and capture views provided by companies during RAN1 e-mail discussion [106bis-e-NR-ePos-02]:
	[106bis-e-NR-ePos-02] Email discussion/approval on accuracy improvements for UL-AoA positioning solutions, with checkpoints for agreements on October 14 and 19 – Alexey (Intel)


Finally, in section 4, we provide list of agreements made by RAN1 during e-mail discussion [106bis-e-NR-ePos-02].
Proposed Priority Order for Discussion
Round #1
For initial discussion during the RAN1#106bis-e, it is recommended to focus on Aspects 1 - Aspect 5.
Aspect #1: UL-AOA Report Enhancements
Aspect #2: Definition of Path Specific UL SRS-RSRP Measurements
Aspect #3: ARP Association with UL Measurements
Companies are also encouraged to provide comments on other listed aspects as well.

UL-AOA Enhancements
[bookmark: _Hlk79993786]Aspect #1: UL-AOA Report Enhancements (Resolved)
The following aspects were discussed with respect to UL-AOA measurements and reporting enhancements:
[vivo, [3]]
· Do not support reporting of RSRP for the first arrival path.
[OPPO, [4]]
· In addition to the UL-RTOA or gNB Rx-Tx time difference and N≥1 UL-AoA measurements for the first arrival path per SRS resource, the gNB shall also report N RSRP measurement and each RSRP measurement correspond to one reported UL-AoA measurement.
· For linear antenna array, in addition to the ZoA relative to the z-axis, the TRP also reports an estimated range of AoA.
[CATT, [5]]
· Support reporting any of the combinations of {multiple UL-AoAs measurements, one UL SRS-RSRP, one UL RTOA, one gNB Rx-Tx Time Difference} for the first arrival path per positioning SRS resource in a single gNB report to LMF.
· The above measurements are associated with positioning SRS resource ID that is also reported to LMF
· Support reporting any of the combinations of {multiple UL-AoAs measurements, one UL SRS-RSRP, one UL RTOA} for the first arrival path per MIMO SRS resource in a single gNB report to LMF.
· The above measurements are associated with MIMO SRS resource ID that is also reported to LMF
[Sony, [10]]
· Support SRS resource ID information of the associated reported AoA/SRS-RSRP measurement in UL-AoA measurement report from gNB to LMF
· 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]]
· Support reporting of one UL-RTOA, one RSRP and multiple UL-AOA measurements for the first arrival path per SRS resource for positioning in a single gNB report to the LMF
· The above measurements are associated with the SRS resource ID which is also reported to LMF
· Support reporting of one gNB Rx-Tx time difference, one RSRP and multiple UL-AOA measurements for the first arrival path per SRS resource for positioning in a single gNB report to the LMF
· The above measurements are associated with the SRS resource ID which is also reported to LMF
[NTT DOCOMO, [9]]
· Regarding single reporting of multiple measurements with first arrival path, it may be better to consider reporting of both RSRP and multiple angle information
[Apple, [12]]
· 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. 
[InterDigital, [14]]
· RSRP per UL-AOA for the first arrival path can be reported by the gNB to the LMF
[Qualcomm, [15]]
· Support a gNB to report the path-RSRP power associated with (AoA, RTOA, Rx-Tx) measurements for the first (and additional) arrival paths.
[CeWiT, [16]]
· In some scenarios, reporting first arrival path power is important for better accuracy of the AoA estimation at LMF.
· For UL-AoA positioning, reporting of path- RSRP along with path-RTOA and path-AoA measurements for first arrival path from gNB to LMF should be supported.
[Ericsson, [17]]
· Support SRS path RSRP reporting for the first path for UL AoA.
· The path RSRP can be reported as a single measurement valid for all the AoA/ZoA pairs corresponding to the same timestamp in the measurement report
· The path RSRP can also be reported for each AoA/ZoA pairs corresponding to the same timestamp in the measurement report
· The gNB can report the UL SRS RSRP first path power together with first path AoA, defined as the CIR peak power measured at the time t0, where t0   is the time of arrival of the SRS resource on which the the measurement is performed.  The time t0   can be derived by the LMF using the UL RTOA measurement and the location of the SRS symbol in the transmitted slot.

Summary:
Majority of companies support SRS-RSRP reporting for the first arrival path per SRS resource for positioning in addition to UL RTOA, gNB Rx-Tx time difference measurements and multiple UL-AoA values.

Round #1
Based on review of contributions, the following is proposed to facilitate further discussion:

Proposal 3.1-1
For the first arrival path measurements on SRS for positioning resource, adopt one or both alternatives
· Alt.1: gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA, one-gNB Rx-Tx time difference}
· Alt.2: 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, adopt one or both alternatives
· Alt.1: gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA} 
· Alt.2: 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

Comments from companies:
	Company Name
	Comments

	Huawei, HiSilicon
	Alt. 1 for both bullets.

	Intel 
	Alt. 1 for both bullets 

	ZTE
	Alt. 1 for both bullets. We should clarify that multiple UL-AOAs (AoA/ZoA pairs) should correspond to the same first arriving path or the same additional path.

	Ericsson
	We support both options on both proposals. A single RSRP can be reported when the multiple angles are reported with the aim at resolving ambiguity. Multiple RSRP can be reported when reporting with e.g. multiple Rx beams. 

	vivo
	We wonder the meaning of the sets, whether it means the whole set always is needed to be reported, or any subset can be selected by gNB to be reported? For us, at least, reporting UL-RTOA and gNB Rx-Tx time difference together is weird for AoA enhancement.

	CATT
	Alt. 1 for both bullets.

	Qualcomm
	Alt. 2 for both bullets. It is a superset of Alt. 1. A gNB could report a single RSRP for multiple Angles, or it can report multiple RSRPs for multiple angles (with the understanding of one to one correspondence).

	LG
	In this aspect #1, the discussion point is whether the RSRP for the first arrival path is single or multiple. Since we have been discussing path-RSRP, Alt.2 seems not necessary and we only support Alt.1 for both main bullets.

	Nokia/NSb
	We are supportive of Alt.2 for both bullets, which has been captured as a FFS point in the current agreement. It is up to gNB. The gNB can report multiple RSRPs for multiple AoAs.

	OPPO
	The Alt.2 of both bullet was captured as FFS in the agreement made in first GTW. We support to agree on Alt.2 for both.

	NTT DOCOMO
	We support Alt.2 for both bullets.

	CEWiT
	Support Alt-2 for both the proposals.

	Sony
	Support alt.2. There could be multiple Rx beam and therefore multiple SRS-RSRP measurements for each Rx beams.  



Aspect #2: Definition of Path Specific UL SRS-RSRP Measurement 
The following views were expressed on definition of path specific UL SRS-RSRP measurement
[Huawei, [1]]
· Adopt the following definition of path UL SRS-RSRP measurement
· Path UL SRS-RSRP of delay-D is the power (in [W]) of the linear average of the delay-D compensated channel frequency response of the resource elements that carry sounding reference signals. Path UL SRS-RSRP shall be measured over the configured resource elements within the considered measurement frequency bandwidth in the configured measurement time occasions.
· For path UL SRS-RSRP measurement reporting, when receiver diversity is in use, at least consider additionally 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.
[Nokia, [6]]
· The measured first-path SRS RSRP corresponds to the power of the channel impulse response, at the first path delay, over which the SRS is received.
· Note: the first path delay is independent of sampling grid.
· Note: the first path delay is the channel tap where gNB measures ToA for reporting of the RSRP of the first path
· FFS: window/time-duration around the first path (e.g., size of 1 Ts) to calculate power
Summary
From FL perspective, the selection of the measurement definition depends on ongoing discussion for definition of path specific DL PRS RSRP measurements and should be aligned. It can be also derived based on modified Rel.16 UL SRS-RSRP definition as a starting point, e.g.:

	Definition
	UL SRS reference signal received power for the first arrival path (UL SRS-RSRPFAP) is defined as power of the channel impulse response at the first arrival path delay. linear average of the power contributions (in [W]) of the resource elements carrying sounding reference signals (SRS). UL SRS‑RSRPFAP shall be measured over the configured resource elements within the considered measurement frequency bandwidth in the configured measurement time occasions.

For frequency range 1, the reference point for the UL SRS-RSRPFAP shall be the antenna connector of the gNB. For frequency range 2, UL SRS-RSRPFAP 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-RSRPFAP value shall not be lower than the corresponding UL SRS-RSRPFAP of any of the individual receiver branches.



Round #1
Based on review of contributions, the following is proposed to facilitate further discussion:

Proposal 3.2-1
The first arrival path UL SRS-RSRP measurement is defined as the power of the channel impulse response, at the first path delay, over which the UL SRS resource is received
· Path UL SRS-RSRP shall be measured over the configured resource elements within the considered measurement frequency bandwidth in the configured measurement time occasions
· FFS considerations for receiver diversity

Comments from companies:
	Company Name
	Comments

	Huawei, HiSilicon
	Suggest to wait for path RSRP for DL-AOD.

	Intel 
	Suggest aligning the definitions for DL and UL positioning methods 

	ZTE
	The same view with Huawei

	Ericsson
	OK with the proposed definition, but we would like the definition to be generic, since path power may also apply to multipath reporting.  

regarding Rx diversity, it would be good to make progress during this meeting and hopefully close the issue if possible.  We support the reporting of the branch ID if Rx diversity is used. If only one branch is reported, an indicator could be added if the branch is the one with the earliest TOA. 


	vivo
	The same view with Huawei and ZTE

	CATT
	We also suggest aligning the definitions for path RSRP for DL and UL positioning methods as commented by multiple companies. 
One comment from us is that it is unclear to why how the power of the channel impulse response is defined. In our understanding CIR is related to the RF channel gain/loss, while the received power is related to both the CIR and the transmission power. 

	Qualcomm
	Suggest to wait for DL-AoD discussions

	LG
	Since the path RSRP for DL has been discussing in the DL-AoD, we also prefer to align the definitions for UL with DL.

	Nokia/NSB
	We are okay to discuss it in AI for DL-AoD.

	OPPO
	Using the “power of channel impulse response” seem not the right way to define path RSRP. Channel impulse response is the channel antenuation and phase rotation. But the path RSRP is the received signal power of PRS signal that travels through particular path of the channel. Take a simple example: the PRS signal is x(t), and the channel response is h(t) with t= 0~T. Then the whole received PRS signal is y(t) = h(t) conv x(t). And the per path RSRP of the PRS is the signal power of the signal that is received on channel path with particular delay t1, i.e., the signal y1(t) = h(t1)*x(t).  

	NTT DOCOMO
	We agree to wait for DL-AoD discussion.

	CEWiT
	Agree with other companies that we should wait for progress on “path-RSRP in DL-AoD”.

	Sony
	We prefer to wait the conclusion from DL-AoD discussions first





Round #2
Based on review of contributions, the following is proposed to facilitate further discussion:

Proposal 3.2-2
Comeback to definition of path specific UL SRS-RSRP measurement once definition of “path-RSRP in DL-AoD” is agreed

Comments from companies:
	Company Name
	Comments

	Nokia/NSB
	Support. 

	Apple
	Support

	CATT
	Support

	
	

	
	

	
	



Aspect #3: ARP Association with UL Measurements
The following views were expressed on association of ARP (antenna reference point) with UL positioning measurements
[Huawei, [1]]
· Support reporting the location offset of the ARP relative to the TRP location with each measurement result.
· The offset ARP can take
· The WGS-84 representation similar to PRS ARP via delta longitude/latitude in the unit of milli-arc-second and delta height in the unit of {mm, cm, m}, or
· The local coordinates representation via delta x, y, and z.
[ZTE, [2]]
· At least in the following conditions, gNB/TRP should be allowed to report ARP information of the TRP measurement results,
· 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.
· The changes of antenna status (e.g., switch on and off some of panels or antenna groups) in TRP cannot inform LMF dynamically according to the current specification.
· Even for a TRP with a single panel, the array phase center may not always be aligned with the ARP of a panel and lead to large impact on high accuracy positioning.
· Report geographical coordinates of antenna groups may help to address the case when far-field assumption is not met between a UE and the TRP.
· In order to improve positioning accuracy, Rel-17 should support reporting TRP measurement results being associated with ARP (Antenna Reference Point) information, consider at least one of the following options,
· Option 1: A TRP should be allowed to provide a list of ARPs in TRP INFORMATION RESPONSE message. The ARP position is defined relative to the associated TRP position. Then, TRP is expected to optionally provide the ARP ID for the TRP measurement result in MEASUREMENT RESPONSE/REPORT message.
· Option 2: A TRP can optionally provide the ARP position for the TRP measurement result in MEASUREMENT RESPONSE/REPORT message, wherein the ARP position is defined relative to the associated TRP position. 
[OPPO, [4]]
· For each UL AoA, UL-TDOA, gNB Rx-Tx time difference and SRS-RSRP measurement result, the TRP can report the geographical coordinates of the antenna reference point that is used to measure the corresponding SRS resource(s) for measurement results.
· The ARP location relative to the geographical coordinates for the TRP is provided for each UL measurement result.
[CATT,[5] ]
· It is preferable to support gNB reporting the ARP (Antenna Reference Point) information associated with UL-AoA, UL-TDOA, Multi-RTT measurements for the consistency of the DL and UL design.
· Note: The ARP information includes the coordinates of the ARP relative to the coordinate of a TRP as defined in TS 38.455.
[Nokia, [6]]
· Support the gNB to report an AoA measurement and its associated ARP ID, where a group of antenna elements of the same ARP ID is assumed to see the same incident angle for a planar wave.
[Fraunhofer, [11]]
· Association of UL-AOA, UL-TDOA and Multi-RTT measurement results with ARP (Antenna Reference Point) information is supported
[LGE, [13]]
· The ARP may be replaced by TEG when the effective distance difference between ARPs is within timing error margin.
· For consideration of supporting ARP for UL positioning measurement, first of all, RAN1 needs to consider/discuss the relationship between ARP and TEG.
[vivo, [3]]
· Do not support explicit association of UL-AOA measurement results with ARP information
[Intel, [8]]
· In case if DL PRS resources are configured, the association of the UL-AOA, UL-TDOA, and gNB Rx-Tx time difference measurements can be supported in Rel.16 standard by using the Measurement Result, Measurement Beam Information, and DL-PRS Resource Coordinates IEs as defined in TS 38.455
· In that case the UL measurements can be associated with the receive beam information that contains the PRS Resource ID and PRS Resource Set ID
· The PRS Resource ID and PRS Resource Set ID can be associated with the DL-PRS Resource ARP location 
· In case if gNB/TRP supports UL-based positioning only, the issue still can be solved by implementation, for example, different panels can be configured as different TRPs.
[Samsung, [7]]
· The association of UL-AOA, UL-TDOA, Multi-RTT measurements with ARP (Antenna Reference Point) information is NOT supported.
[NTT DOCOMO, [9]]
· Explicit association of UL positioning measurement results with ARP may not be needed
[Ericsson, [17]]
· Association of UL measurements with ARP is not introduced in rel-17

Summary
In summary, the following views were expressed:
Do not support / do not see the strong need: 5 companies (reasons: functionality can be already supported by implementation, benefits are not clear)
Support: 6 companies (reasons: consistency of DL and UL design, impact on performance / high accuracy positioning)
More discussion is needed: One company proposed to discuss the relationship between ARP and TEG
It seems more discussion is needed to see if consensus can be reached.

Round #1
In order to facilitate more discussion and mutual understanding among opponents and proponents, it is suggested to continue discussion and answer the following questions:
1) Q1: What are the benefits of specification- vs implementation-based solution in mentioned scenarios (e.g., UL only positioning, RP only scenario)?
2) Q2: Whether there is any scenario that may require use of two or more different solutions?
3) Q3: Whether ARP association with UL measurements also extended for UL timing measurements (i.e., UL-RTOA, gNB Rx-Tx time difference measurements)?

Proposal 3.3-1
Continue discussion and provide answers on above questions 

Comments from companies:
	Company Name
	Comments

	
	Q1:
Q2:
Q3:
Comments:

	ZTE
	Q1: 
· The changes of antenna status (e.g., switch on and off some of panels or antenna groups) in TRP cannot inform LMF dynamically according to the current specification.
· Even for a TRP with a single panel, the array phase center (which is sensitive to frequency and beam ) may not always be aligned with the ARP of a panel and lead to large impact on high accuracy positioning.
· Report geographical coordinates of antenna groups may help to address the case when far-field assumption is not met between a UE and the TRP.
Q2: 
Not sure what is the meaning of this question. From our understanding, we can have unified solution for both UL only positioning and RP only scenario.

Q3: 
We can agree the ARP association to UL-AOA first. Whether this can be extended to UL timing measurements can be discussed in AI 8.5.1. From our point of view, if the reception points (i.e.geometrical coordinates) are different for different UL timing measurements, which doesn’t make sense to claim them as a single  TEG. 

	Ericsson
	Q1: we do not see a benefit to specifying an ARP. We already have Rx TEGs to support difference in timings and we can also configure multiple TRPs per gNB. 
 :
Q3: the association is already possible with Rx TEGs.  

	CATT
	Q1: It is preferable to support gNB reporting the ARP for the consistency of the DL and UL design.
Q3: If we want to introduce ARP association with UL measurements, it would be better to cover all UL timing measurements (i.e., UL-RTOA, gNB Rx-Tx time difference measurements). It may not be too much meaningful if it is only for UL-AOA. 

	LG
	Q1: we are on the same page with Ericsson’s comment in Q1
Q3: we think that we already support/introduce the TEG to separate antenna elements group and/or panel. In our understanding, if the effective distance difference is within the timing error margin, we think that the ARP can be covered by TEG and the related information also can be provided with TEG information.

	Nokia/NSB
	Q1: As we described the necessity in our Tdoc (R1-2109364), for the received signal from a target UE, the number of reception antenna elements may be different to assume the same incident angle, so the TRP needs to group one or more receiving antenna elements that can be considered to have the same incident angle. Then the TRP can estimate each AoA measurement by using each group of antennas and needs to report AoA measurement and its associated antenna reference point information.
Q2: We are not sure what the question means about two or more solutions. Our proposal is to support that gNB reports AoA measurements with ARP information.
Q3: We suggest introducing ARP for UL-AoA first and further discussion for UL timing measurement.

	OPPO
	Q1: The implementation method can not resolve the issue in that scenario. The gNB could use distributed antennas to receive SRS and then estimate UL AoA. Thus different UL AoA measurement would have different physical reference location. Implementation method can not resolve this issue and it would force the system to give up such a deployment of antennas,
Q3: We are ok to agree it for UL AoA first.

	NTT DOCOMO
	Q1, Q3: We have similar view with Ericsson and LG. The benefit of introducing ARP association information in addition to TEG is not clear.



Summary
Based on provided inputs so far at least three companies are not convinced that association of UL positionng measurements with ARP is really needed. In addition, companies argue that raised issues can be addressed by implementation and that there may be some duplication with TEG framework which can be extended to UL-AOA.
Four companies still see the benefit from association of UL measurements with ARP arguing that it can be useful for near-field measurements or is more consistent with DL positioning framework.
From FL perspective, both sides have technical merit and thus the main preference is to resolve this discussion. The pros and cons can be found irrespective of the direction that RAN1 can take.

Round #2
Given that there is no clear majority and compromised option, it is proposed to make a decision directly during GTW session based on the following proposal. Companies are certainly welcome to suggest a compromised way forward if there is any.

Proposal 3.3-2
Select one of the following alternatives
· Alt.1. Association of UL-AOA positioning measurements with ARP is supported in Rel.17
· Alt.2. Association of UL-AOA positioning measurements with ARP is not supported in Rel.17


Aspect #4: Time Validity as Additional Assistance Signalling (Closed)
The following views were expressed for association of antenna reference points with UL positioning measurements
[Sony, [10]]
· 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.
[vivo, [3]]
· The time validity of the expected AoA/ZoA can be solved by gNB implementation or LMF implementation

Summary
This aspect has been discussed at the previous meeting. 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.

Comments from companies:
	Company Name
	Comments

	Huawei, HiSilicon
	Agree with the FL recommendation.

	ZTE
	Support FL’s suggestion.

	Nokia/NSB
	OK.

	CEWiT
	Agree with FL views.

	Sony 
	We are OK to down-prioritized this topic for now

	
	



Aspect #5: SRS for Positioning Power Control (Closed)
The following views were expressed on power control enhancements for SRS for positioning
[OPPO, [4]]
· According the current design, same path loss is used on all the SRS resources for positioning targeting to different TRP and the Tx power determined for SRS for positioning might cause the following two consequences:
· The power is not sufficient for the SRS to reach the target TRP.
· The power might be too large for the nearby TRP.
· Enhance the uplink power control of SRS for positioning as follows:
· Support closed-loop power control on SRS for positioning.
· Support configuring power control parameter per SRS resource for positioning.
[Samsung, [7]]
· The power setting for the SRS-pos might be not appropriate for neighbouring cell measurement.
· The power control enhancement for SRS-pos to improve UL-AOA based solution should be considered.

Summary
This aspect has been discussed multiple meetings. Based on inputs so far only two companies have shown interest to further enhance open loop power control functionality. Many companies have expressed negative views including out of WI scope arguments. It seems challenging to reach consensus on this topic and thus it is proposed not to pursue this topic further in Rel 17.

Comments from companies:
	Company Name
	Comments

	Huawei, HiSilicon
	Agree with the FL recommendation.

	ZTE
	Support FL’s suggestion.

	Nokia/NSB
	Support

	CEWiT
	Agree with FL views.

	
	

	
	



Aspect #6: Beamforming and UL AOA Estimation (Closed)
Beamforming related aspects in application to UL-AOA estimation were discussed by:
[Nokia, [6]]
· UL RSRP accuracy function is shown as a function of beamforming codebook selection and steering angle. 
· 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, [7]]
· The normal UL-AOA methods may not provide good enough estimation accuracy as well as latency.
· The differential beamforming technique is beneficial for improving UL-AOA method to better satisfy the positioning requirement.
· The gNB scheduling could ensure the proper SRS-pos configuration in order to support reception based on differential beam techniques.
· Support differential beamforming technique for UL-AOA positioning methods. 

Summary
This aspect has been discussed at the previous meetings. Based on inputs so far only two companies have shown interest to further enhance beamforming for UL-AOA. Many companies have expressed views that it can be left up to implementation. It seems challenging to reach consensus on this topic and thus it it proposed not to pursue this topic further in Rel 17.

Comments from companies:
	Company Name
	Comments

	Huawei, HiSilicon
	Agree with the FL recommendation.

	ZTE
	Support FL’s suggestion.

	CEWiT
	Agree with FL views.

	
	

	
	

	
	



Conclusion
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#106bis-e meeting. Based on discussion of UL-AOA enhancements the following agreements were made by RAN1:

	Outcome of discussion on Aspect #1
Agreement:
· 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
· 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

Outcome of discussion on Aspect #3
Agreement:
· Association of UL-AOA positioning measurements with gNB ARP is supported in Rel.17.
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