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Introduction
This contribution discusses Rel-17 NR positioning enhancements specifically in the DL-AoD (Angle of Departure) based positioning solution.
Downlink positioning technique enhancement
Path specific reporting 
In the previous meeting [1], the definition of path PRS RSRP and the number of first path RSRP was discussed and followings are agreed. 
	Agreement:
The measured path DL PRS RSRP for ith path delay is defined as the power of the received DL PRS signal configured for the measurement at the ith path delay of the channel response, and
· path DL PRS RSRP for 1st path delay is the power corresponding to the first detected path 
· FFS: Whether the path RSRP measurement is normalized with PRS RSRP. 
· FFS: Whether the definition of the ith path delay (other than i=1) is required. 
· Note: UE may choose to use a time window to compute path DL PRS RSRP by UE 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 DL-AoD positioning
· Send LS to RAN4 to check the details of the definition and feedback if they identify any update is necessary

Agreement:
The agreement from RAN1#106e on the number of DL PRS RSRP measurements per TRP is extended as follows:
· For UE-A DL-AOD, support reporting up to N DL PRS RSRP measurements per TRP, where N is UE capability and candidate values include {16,24}.
· For UE-A DL-AOD, support reporting up to M first path PRS RSRP measurements per TRP, where M is a UE capability 
· FFS: Values of M. Candidate values include {2,4,8,16,24}.
· FFS: Whether M is always equal to N
· Note: Multiple RSRPs corresponding to same or different Rx Beam index should be able to be reported for a given PRS resource for same or different timestamps. 
· Note: the maximum number of DL PRS RSRP associated with the same Rx beam index is up to the UE implementation


One of remaining point for discussion is whether M is always equal to N. If it is considered that when a DL PRS RSRP in frequency domain is reported, a first path RSRP corresponding the RSRP in frequency domain is also reported, it seems acceptable that the value of M is equal to the value of N representing the number of RSRP measurements.
Proposal 1:
· Support that the value of M is equal to the value of N representing the number of RSRP measurements.

Considering the fact that LMF uses a‑priori estimate of the target UE for providing expected RSTD and uncertainty, we think that LMF can calculate approximate RSRP (expected RSRP) by using the distance difference between the location of TRP and a priori estimate of the target UE. In addition, if the path RSRP is defined by normalized form with PRS RSRP, LMF also can derive the approximate path RSRP (expected path RSRP). We think that the approximate path RSRP (expected path RSRP) may have a similar value of RSRP of LoS path that can be interpreted as FAP. Considering the observation, we suggest RAN1 should support introducing either the expected RSRP (including uncertainty) or expected path RSRP (including uncertainty) for UE to decide the FAP more properly. 
Observation 1:
· LMF can calculate approximate RSRP (expected RSRP) by using the distance difference between the location of TRP and a priori estimate of the target UE.
· If the path RSRP is defined by normalized form with PRS RSRP, LMF also can derive the approximate path RSRP (expected path RSRP).
· The approximate path RSRP (expected path RSRP) may have a similar value with path RSRP of first arrival path with high probability. 
Proposal 2:
· RAN1 should consider introducing either the expected RSRP (including uncertainty) or expected path RSRP (including uncertainty) for UE to decide the FAP more properly.

In the efficiency point of view, for clear clarification, we think that RAN1 needs to discuss whether UE always report first path PRS RSRP measurements as many as the maximum number (M) or not. In this regard, there might be some first arrival paths that have low performance and the information may not be used in LMF. So, similar to reporting measurement that has best timing quality in the timing based positioning, we suggest introducing the path RSRP quality (threshold) to restrict reporting redundant measurements and then UE can expect to report only measurements satisfying the path RSRP quality (threshold). 
Observation 2:
· Measurements from some FAPs might have low performance and the related measurements may not be used in LMF.
Proposal 3:
· RAN1 should consider introducing path RSRP quality (threshold) to restrict reporting redundant measurements.
· UE reports only measurements satisfying the path RSRP quality (threshold).

For the measured path DL PRS RSRP for ith path delay, remaining point for discussion is whether the definition of the ith path delay (other than i=1) is required. According to the definition of path RSRP, it is naturally expected that multiple CIRs can be included within a time window to compute path DL PRS RSRP. In addition, when ith path delay (other than i=1) is calculated, other time window can be used to compute path DL PRS RSRP. If the two time windows are overlapped, a part of multiple CIRs can be overlapped to compute each path DL PRS RSRP. But, it is not desirable UE behavior for path DL PRS RSRP. In this aspect, definition of the ith path delay (other than i=1) is required. Also, ith path delay can be defined as a path delay within a time window to compute path DL PRS RSRP which is not overlapped with other time window to compute path DL PRS RSRP. 
Proposal 4:
· Definition of the ith path delay (other than i=1) is required.
· ith path delay can be defined as a path delay within a time window to compute path DL PRS RSRP which is not overlapped with other time window to compute path DL PRS RSRP.

Expected uncertainty window
Considering some advantages such as reducing Rx beam sweeping overhead or beamforming determination, the expected UL AoA/ZoA is agreed to enhance UL AoA measurements. In this respect, similar additional information such as the expected uncertainty window was agreed to be introduced in the previous meeting [2], the related agreement is as below
	Agreement:
· For the purpose of both UE-B and UE-A DL-AoD, and with regards to the support of AOD measurements with an expected uncertainty window, study further whether to support at most one of the following options:
· Option 1: Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE
· Single Expected DL-AoD/ZoD and uncertainty (of the expected DL-AoD/ZoD value) range(s) can be provided to the UE for each [TRP]
· Option 2: Indication of expected DL-AoA/ZoA value and uncertainty (of the expected DL-AoA/ZoA value) range(s) is signaled by the LMF to the UE 
· Single Expected DL-AoA/ZoA and uncertainty (of the expected DL-AoA/ZoA value) range(s) can be provided to the UE for each [TRP]
· Option 3: Indication of expected AoD/ZoD or AoA/ZoA value and uncertainty is not introduced.
· FFS: details of signaling
FFS: Applicability of this agreement to other Positioning methods


In the case of option 1, it considers proving the expected DL-AoD/ZoD in the view of TRP side to the UE. Since boresight directions of each PRS resources can be provided for UE-based, it is useful for reducing the overhead of Rx beam sweeping at UE side. Regarding option 2, it is interpreted as the view of UE side and it can be help for UE Rx beamforming setting. Furthermore, it also can be used for NLoS/Los identification. So, RAN1 should consider supporting both options for DL-AoD enhancement. 
Observation 3: 
· Regarding expected uncertainty window, followings can be observed: 
· Expected DL-AoD/ZoD: Since boresight directions of each PRS resources can be provided for UE-based, it is useful for reducing the overhead of Rx beam sweeping at UE side
· Expected DL-AoA/ZoA: It can be help for UE Rx beamforming setting. Furthermore, it also can be used for NLoS/Los identification.
Proposal 5: 
· Regarding expected uncertainty window for DL-AoD enhancement, RAN1 should support both options (Expected DL-AoD/ZoD and expected DL-AoA/ZoA).

Adjacent beam reporting
Regarding adjacent beam reporting, the followings were agreed in the previous meeting [3].
	Agreement:
For UE-assisted DL-AOD positioning method, select one or more of the following to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting:
· Option 1: the LMF explicitly identify adjacent beams in the assistance data (AD)
· Option 2: the LMF send the beam information in the AD with an order of priority of PRS resources.  
· Option 3: the LMF includes boresight direction information for each PRS resource in the assistance data. 
· Option 4: the LMF send the beam information in the AD with indicated subset of PRS resources.
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams  


 
If LMF knows about Tx beam information at gNB, LMF can have a knowledge on which adjacent beams are allocated with PRS resources. That means LMF can make a list of the subset of PRS resources that are related with adjacent beams. If LMF provides the information to UE, UE can report measurement results about the PRS resource corresponding to the best RSRP and measurement results related to PRS resources that are included in the subset. From this perspective, option #4 has the advantage in terms of signaling overhead because the information is provided by subset, not by resource. In the case of other options, the information of adjacent beams needs to be delivered directly or indirectly per resource 
Observation 4:
· For an adjacent beam reporting, using the subset of PRS resources (option 4) has an advantage in terms of signaling overhead reduction because the information is provided by subset, not by resource.
Proposal 6:
· For UE-assisted DL-AOD positioning method, select option 4 (‘the LMF send the beam information in the AD with indicated subset of PRS resources’)

Rx beam index information
In the DL-AoD positioning technique, LMF would estimate UE’s location by using information on PRS resource(s) and the corresponding RSRP measurement values for one or multiple TRP(s). Conceptually, the UE’s relative direction from a TRP could be found by one or two PRS resource index(es) which shows the maximum RSRP among a set of PRS resources. In case of the DL-AoD positioning, it would be reasonable to use a fixed reception beam across multiples PRS resources to estimate variation of RSRP measurements for the different PRS resources. Thus, for the effective location estimation, it was introduced that the UE can report its reception beam index for two or more DL PRS measurements if the PRS measurements were made with the same reception beam where the index of reception beam is up to 8. In the current phase, however, it is unclear how the LMF utilizes the reception beam index to find UE’s location and the location server cannot know the reception beam direction corresponding to the RX beam index, even if the UE reports the reception beam index. However, this feature needs to be further discussed since the reception beam highly affects RSRP measurement values.
Regarding the technical feature on when the reception beam index reporting can be used, the following cases can be considered. 1) The UE can use the same reception beam for the multiple PRS resources unless those PRS resources have a different source of QCL type-D RS. 2) The UE uses the same reception beam for the multiple PRS resources even if those PRS resources have a different source of QCL type-D RS regardless of the QCL type-D configuration. In our understanding, the second case is also feasible by implementation. However, even if the reception beam selection is up to the UE, further restriction might be required so that the UE uses a proper reception beam to ensure the positioning accuracy or to avoid worst case of reception beam selection. For example, the UE's fixed reception beam for the PRS measurements with regard to a specific TRP should be the best reception beam in terms of the RSRP.
In addition, there is another issue on how to interpret the same reception beam index reported in the different reporting time instances. Although the UE reports the same RX beam index at two different reporting time instances, the same reception beam index does not guarantee the same beam direction due to the variation of UE’s position and/or rotation. In Rel-17 NR positioning, it is necessary to discuss how to utilize the reception beam index to improve the location estimation, such as finding UE’s location when the UE is located between the transmission beams. Also, we need discussions on how to inform LMF of the reception beam information corresponding to the reported reception beam index, if needed.
Proposal 7:
· A further restriction would be required so that the UE uses a reception beam to avoid worst case of the reception beam selection, even if the UE can ignore QCL type-D configuration of the PRS resources to use a fixed reception beam for DL-AoD technique.
Proposal 8:
· Need discussions on how to utilize the reception beam index for the accuracy improvements of DL-AoD based positioning, such as finding UE’s location when the UE is located between the transmission beams.

Two-state PRS beam sweeping
Considering beam resolution, the followings are agreed in the last meeting [3].
	Agreement:
· For both UE-based and UE-assisted DL methods, at least for two-stage PRS beam sweeping, study further at least the following:
· Enhancements in the association between resources belonging to two DL PRS resource sets of the same TRP
· Companies are encouraged to evaluate whether other potential enhancements in this subagenda or other subagendas (e.g. additional beam information, on-demand PRS framework) could be used to enable this feature (potentially by implementation). 
· Note: Two-stage PRS beam sweeping corresponds to different DL PRS resource sets


For the accuracy of the DL-AoD positioning technique, it would be necessary to discuss on how to estimate the UE’s location when the UE is located between two different transmission beams. As a simple example, a UE is located in a certain region between two transmission beams represented by PRS resource #1 and PRS resource #2, respectively, depicted in Figure 1. In this example, it can be envisioned that, by using the reception beam direction oriented to PRS resource#2, the RSRP measurement of the PRS resource #2 could be the maximum among overall PRS resources transmitted from the TRP. Based on the reported RSRP measurements, the LMF would estimate UE’s location on the direction of transmission beam of PRS resource #2. 
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[bookmark: _Ref61612671]Figure 1 An illustrative example of the UE’s location between two transmission beams.

Thus, Rel-17 NR positioning enhancements should discuss how to address the accuracy degradation according to the resolution problem. As a possible solution, we could consider the following two steps. Firstly, each TRP can transmit the PRS resources with the relatively wide beams as depicted on the left-hand of Figure 2 and the UE obtains PRS RSRP measurements with a fixed reception beam. Then, the LMF may roughly estimate that the UE is located in a certain area/direction. Secondly, after finding the rough location of the UE, the TRP can transmit the PRS resources with narrow beams where each beam covers relatively small area, and the UE needs to measure each PRS resource with multiple reception beams in order to find the best Rx/Tx beam pair. The best beam pair would be a combination of reception and transmission beam maximizing RSRP or maximizing the received signal power of the first arrival signal path. 
In consideration of the current TS 37.355, at least, it is necessary to support that the UE needs to report the maximum RSRP for each PRS resource considering multiple reception beams.
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[bookmark: _Ref61621187]Figure 2 An illustrative example of the DL-AoD positioning based on two-step method.

In terms of utilization of PRS resources, each PRS resource set can be used for each steps. In case of the first PRS resource set, it can be composed of multiple PRS resources and they are associated with wide beams. And then, the multiple PRS resources that are in the second PRS resource set can be associated with narrow beams. LMF can configure associated PRS resources based on the measurement report in the first step.
Proposal 9:
· Regarding 2-stage PRS beam sweeping, RAN1 should consider the following procedure for 2-stage beam reporting: 
· In case of the first PRS resource set, it can be composed of multiple PRS resources and they are associated with wide beams. 
· And then, the multiple PRS resources that are in the second PRS resource set can be associated with narrow beams. LMF can configure associated PRS resources based on the measurement report in the first step.

In addition, we also think that RAN1 needs to consider appropriate measurement report for 2-stage beam sweeping. Considering the intention of 2-stage beam sweeping, since beam width used for 2nd state is narrower than beam width used for 1st state, we think that the resolution and reporting range for measured quantity value could be different. For example, 1dB that is already used for resolution is applied for UL SRS RSRP reporting in 1st stage and the smaller value of resolution like 0.5dB can be used in 2nd stage. We think that approaching measurement reporting in this way is help for LMF to calculate UE’s location more precisely. From this point of view, RAN1 needs to consider applying different resolution and range for measured quantity value in each stage respectively. 
[bookmark: _GoBack]Observation 5:
· Considering the intention of 2-stage beam sweeping, the resolution and reporting range for measured quantity value could be different since beam width used for 2nd state is narrower than beam width used for 1st state. 
Proposal 10:
· RAN1 needs to consider applying different resolution and range for measured quantity value in each stage respectively.

Conclusion
In this contribution, we have discussed potential enhancements for DL-AOD positioning in Rel-17, and our proposals are summarized below. 

Path specific reporting
Proposal 1:
· Support that the value of M is equal to the value of N representing the number of RSRP measurements. 
Observation 1:
· LMF can calculate approximate RSRP (expected RSRP) by using the distance difference between the location of TRP and a priori estimate of the target UE.
· If the path RSRP is defined by normalized form with PRS RSRP, LMF also can derive the approximate path RSRP (expected path RSRP).
· The approximate path RSRP (expected path RSRP) may have a similar value with path RSRP of first arrival path with high probability. 
Proposal 2:
· RAN1 should consider introducing either the expected RSRP (including uncertainty) or expected path RSRP (including uncertainty) for UE to decide the FAP more properly.
Observation 2:
· Measurements from some FAPs might have low performance and the related measurements may not be used in LMF.
Proposal 3:
· RAN1 should consider introducing path RSRP quality (threshold) to restrict reporting redundant measurements.
· UE reports only measurements satisfying the path RSRP quality (threshold).
Proposal 4:
· Definition of the ith path delay (other than i=1) is required.
· ith path delay can be defined as a path delay within a time window to compute path DL PRS RSRP which is not overlapped with other time window to compute path DL PRS RSRP.

Expected uncertainty window
Observation 3: 
· Regarding expected uncertainty window, followings can be observed: 
· Expected DL-AoD/ZoD: Since boresight directions of each PRS resources can be provided for UE-based, it is useful for reducing the overhead of Rx beam sweeping at UE side
· Expected DL-AoA/ZoA: It can be help for UE Rx beamforming setting. Furthermore, it also can be used for NLoS/Los identification.
Proposal 5: 
· Regarding expected uncertainty window for DL-AoD enhancement, RAN1 should support both options (Expected DL-AoD/ZoD and expected DL-AoA/ZoA).

Adjacent beam reporting
Observation 4:
· For an adjacent beam reporting, using the subset of PRS resources (option 4) has an advantage in terms of signaling overhead reduction because the information is provided by subset, not by resource.
Proposal 6:
· For UE-assisted DL-AOD positioning method, select option 4 (‘the LMF send the beam information in the AD with indicated subset of PRS resources’)

Rx beam index information
Proposal 7:
· A further restriction would be required so that the UE uses a reception beam to avoid worst case of the reception beam selection, even if the UE can ignore QCL type-D configuration of the PRS resources to use a fixed reception beam for DL-AoD technique.
Proposal 8:
· Need discussions on how to utilize the reception beam index for the accuracy improvements of DL-AoD based positioning, such as finding UE’s location when the UE is located between the transmission beams.

Two-state PRS beam sweeping 
Proposal 9:
· Regarding 2-stage PRS beam sweeping, RAN1 should consider the following procedure for 2-stage beam reporting: 
· In case of the first PRS resource set, it can be composed of multiple PRS resources and they are associated with wide beams. 
· And then, the multiple PRS resources that are in the second PRS resource set can be associated with narrow beams. LMF can configure associated PRS resources based on the measurement report in the first step.
Observation 5:
· Considering the intention of 2-stage beam sweeping, the resolution and reporting range for measured quantity value could be different since beam width used for 2nd state is narrower than beam width used for 1st state. 
Proposal 10:
· RAN1 needs to consider applying different resolution and range for measured quantity value in each stage respectively.
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