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Introduction
[bookmark: _Hlk510705081]In Rel-16 native NR positioning support was standardized. At RAN#90 a new WI was approved and updated at RAN#91 on enhancements in Rel-17 to positioning [1]. This contribution discusses our views on the enhancements related to UL AoA. Our companion contributions discuss our others views [2-6]. The objective from the WID is to    
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Discussion  
SRS RSRP of the first path 
The information on SRS RSRPP for the first path has clear benefit from LMF and RAN1 agreed the reporting of the SRS RSRPP for the first path. RAN1 made the following agreements to define SRS RSRPP at RAN1 #107-e meeting.
Agreement
Definition for UL SRS-RSRPP:
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. 
· FFS: 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
· FFS: Note: First and additional paths RSRP, when provided in the same report, use the same RX branch(es) selected for the first arrival path and for the UL SRS-RSRP if the UL SRS-RSRP is reported
· FFS: whether/how to capture the note in the specifications
Send LS to RAN4
Agreement
Apply the following changes to the definition for UL SRS-RSRPP in the previous agreement:
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. 
· FFS: 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
· FFS: Note: First and additional paths RSRP, when provided in the same report, use the same RX branch(es) selected for the first arrival path and for the UL SRS-RSRP if the UL SRS-RSRP is reported
· FFS: whether/how to capture the note in the specifications
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)

In these agreements, the description on the reference point is FFS. RAN4 discussed on this issue in the previous meeting, and sent feedback by an LS (R4-2202682) to RAN1. In this LS, the reference point definition was still captured as WS. The current TS 38.215 defines the reference point according to the WS in the RAN1 agreement, but we should point out the current reference point definition is FFS.
Proposal 1: In TS 38.215, put a square bracket into the current definition on the reference point description.
In an LS from RAN4 (R4-2202780), they mentioned that RAN4 understands that PRS-RSRPP should be defined as the path RSRP per RE, in the same way PRS-RSRP is defined as power per RE. RAN4 respectfully asks RAN1 to confirm if this understanding is correct. If RAN1 revisits the PRS-RSRPP definition to modify it as the path RSRP per RE, RAN1 also needs to revisit the SRS-RSRPP definition to have an aligned definition with PRS-RSRPP. Similar to our proposal in our companion contribution [4], we have the following proposal.
Proposal 2: RAN1 to consider modification of the current SRS RSRPP definition. E.g.,
· UL SRS reference signal received path power (UL SRS-RSRPP) is defined as the linear average over the power contributions of the resource elements that carry of the received UL SRS signal configured for the measurement at the i-th path delay of the channel response within the considered measurement frequency bandwidth, where UL SRS-RSRPP for the 1st path delay is the power corresponding to the first detected path.
For the measurements of the first arrival path, RAN1 reached the following agreement at RAN1#106bis-e meeting:
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
The gNB can report multiple UL-AoAs for the first arrival path on a specific SRS resource and it also may report ARP information for each measurement. For the first arrival path, the gNB may report multiple AoA measurements for different ARP information, and they may have different SRS-RSRPP values. In addition to the current agreement, we may need to support reporting of {multiple SRS-RSRPPs and multiple UL-AoAs}.
Proposal 3: For the first arrival path measurements on SRS for positioning resource or SRS for MIMO resource,
· gNB can report to LMF the set of measurements {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs)}
 AoA measurement with ARP 
In 3GPP RAN1#106bis-e meeting, it was agreed to support gNB reporting of the association information of UL-AoA measurements with ARP. 
Agreement:
Association of UL-AOA positioning measurements with gNB ARP is supported in Rel.17.
In addition, introducing ARP ID was agreed from RAN3#114-bis-e meeting. There is further essential issue on how to determine the number of antenna elements of each ARP so that a single incident angle could be assumed for the antennas in each ARP for a target UE. The gNB may not know the distance between the UE and TRPs. That is, the gNB may not be able to identify the near-field and far-field for a UE, and hence it may not be easy for the gNB to determine the number of antenna elements of each ARP to estimate different AoA measurements for each ARP.
We propose construction of multiple and different levels of antenna group of a TRP/panel, and the AoA measurements may be estimated for those different antenna groups. For example, a gNB may consider a procedure for AoA measurement with different level of antenna groups shown in Figure 1. Since the gNB does not know distance of the target UE and a TRP, the gNB first may try to estimate AoA measurements using ARPs where each ARP consists of a small number of antennas such as ARP#1/#2/#3 and ARP#4 in this figure. If the AoA measurements from ARP#1 and ARP#2 are almost the same within a certain range, the gNB may assume the antenna groups in ARP#1 and ARP#2 may see a single planar wave. It is similar to the case of AoA measurements from ARP#3 and ARP#4. Then the gNB may try to estimate AoA measurements for two antenna groups, denoted by ARP#5 and ARP#6, assuming that each antenna groups see a planar wave. If the two AoA measruements are different, the gNB may report each AoA measurement and its associated ARP ID to the LMF. However, if the two AoA measurements are the almost same, the gNB may assume that the whole antenna elements see a single planar wave, and hence AoA measurement may be estimated using ARP#7 and be reported with ARP#7. 
[bookmark: _Hlk95738193]Observation 1: If the difference of the values of one or more AoA measurements from different antenna groups corresponding to different ARPs are less than a threshold value, the gNB may estimate and report a single AoA by using those antenna groups.
[image: ]
[bookmark: _Ref83660914][bookmark: _Ref83660890]Figure 1. Illustrative example of determining AoA measurement and ARP ID
If the LMF provides the threshold value ​to the gNB, it may be helpful for the gNB to determine the AoA measurement report and decide ARP information. For example, if difference values of one or more AoA measurements from different ARPs are less than the threshold, the gNB may assume near-field across the antenna elements comprising multiple ARPs and hence, it may estimate a single AoA using them and report AoA measurement with a single ARP ID. If the difference of the multiple AoA measurements from different ARPs are greater than the threshold, the gNB may report multiple AoA measurement with their associated ARP IDs.
Proposal 4: 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 difference of the AoA measurements from different ARPs are less than the threshold, the gNB may report a single AoA measurement and a single ARP, where the ARP includes all reception antennas of the different ARPs.
· If difference of the AoA measurements from different ARPs are greater than the threshold, the gNB may report those AoA measurements and ARP IDs.
If the UE is far enough from the TRP, this hierarchical estimation procedure may not be necessary. The LMF may have information on the ARP and the antenna group information for each ARP. Based on the prior knowledge of the UE location, if the LMF provides the gNB with assistance information such as the level/size of antenna groups (Figure 1) for the initial AoA estimation, the gNB at least may be able to determine the start level of antenna groups to estimate AoAs, and it is helpful for the gNB to reduce the computation overhead. Considering distance between the UE and TRP, if the LMF informs the gNB of level#3 of this figure for the start level of the antenna group to estimate AoA, the gNB may perform AoA measurement using the whole antennas and report the measurement and ARP ID#7.
Proposal 5: 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.
The gNB needs to provide the LMF with the information on ARP ID and geographical information. In case the LMF already has somewhat priori information on the location of the target UE, the LMF may need angle measurements only for specific ARPs of a TRP, so we have the following proposal.
Proposal 6: LMF requests the gNB to report angle measurement for a specific ARP ID of a TRP.
Conclusion
We made the following observations and proposals in this paper:
Proposal 1: In TS 38.215, put a square bracket into the current definition on the reference point description.
Proposal 2: RAN1 to consider modification of the current SRS RSRPP definition. E.g.,
· UL SRS reference signal received path power (UL SRS-RSRPP) is defined as the linear average over the power contributions of the resource elements that carry of the received UL SRS signal configured for the measurement at the i-th path delay of the channel response within the considered measurement frequency bandwidth, where UL SRS-RSRPP for the 1st path delay is the power corresponding to the first detected path.
Proposal 3: For the first arrival path measurements on SRS for positioning resource or SRS for MIMO resource,
· gNB can report to LMF the set of measurements {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs)}
Observation 1: If the difference of the values of one or more AoA measurements from different antenna groups corresponding to different ARPs are less than a threshold value, the gNB may estimate and report a single AoA by using those antenna groups.
Proposal 4: 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 difference of the AoA measurements from different ARPs are less than the threshold, the gNB may report a single AoA measurement and a single ARP, where the ARP includes all reception antennas of the different ARPs.
· If difference of the AoA measurements from different ARPs are greater than the threshold, the gNB may report those AoA measurements and ARP IDs.
Proposal 5: 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.
Proposal 6: LMF requests the gNB to report angle measurement for a specific ARP ID of a TRP.
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