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1. Introduction
[bookmark: _GoBack]At the RAN#91-e meeting, updated WID on NR positioning was agreed [1]. The work item includes RAN1-led objectives as follows:
The objective of this work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency. The objective of this work item also includes the support of GNSS enhancements.  
The specific objectives of this work are:
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.

· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]

· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]

Notes: 
Solutions for RAT-dependent positioning enhancements are designed to operate in both frequency ranges (i.e. FR1 & FR2)
RAN working groups will take into account the work from other working group SA/CT which involves same objectives.
· The WID is subject to further update in RAN #91 for RAN1/2/3/4 scoping.

In this contribution, we present our view on DL-AoD enhancements for Rel-17 NR positioning.
2. Potential enhancements for improving accuracy
2.1. Indication of expected departure/arrival angle
Regarding enhancements related to angle measurement and reporting, the following agreement and proposal were made at the previous meetings [2][3].
RAN1#104b-e
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

RAN1#106b-e
Proposal 5.1
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, the following is supported 
· 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
· FFS: how to signal value and range:
· Option A: 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 B: a list of PRS indices corresponding to the uncertainty, with one PRS index identifying the expected value, if any. 
· FFS: details of signaling
· FFS: Applicability to other Positioning methods

Regarding UL-AoA measurement, RAN1 agreed supporting expected AoA/ZoA signaling from LMF to gNB/TRP in order to improve accuracy of UL-AoA positioning. Similarly, in case of DL-AoD measurement, indication of expected departure/arrival angle value for DL-AoD measurement purpose would be helpful to perform efficient Rx beam sweeping at the UE. Therefore, we support introducing indication of expected angle value for DL-AoD measurement.
In the above agreement, there are three options. Regarding Option 1, the overhead of expected angle information may be smaller than the overhead required in Option 2 since DL-PRS resource ID based information can be considered. The relation between DL-PRS resource IDs and DL-AoD/ZoD may need to be clear in the specifications. In addition, how to determine Rx beam direction (i.e. DL-AoA/ZoA) is up to the UE. On the other hand, Option 2 can indicate Rx beam direction(s) for the UE, however, the overhead of expected angle information may be larger than the overhead required in Option 1. Regarding Option 3, it means that RAN1 does not introduce indication of expected departure/arrival angle value for DL-AoD measurement in Rel-17 positioning. Based on the above discussion, we prefer to select either Option 1 or Option 2. In addition, we may need to consider the difference of required additional assistance information between Option 1 and Option 2.
Proposal 1:
· Support 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
· 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 

At the last meeting, the proposal based on Option 1 of the above agreement was made as shown above. Regarding Option A, a UE can measure all configured DL-PRS resources within expected DL-AoD/ZoD range. For example, if the UE has moderate precise self-location information, it may be helpful to fix UE Rx beam toward the target TRP. In the case, the UE may not need to perform UE Rx beam sweeping in order to detect direction to the target TRP. Regarding Option B, a UE understand which DL-PRS resources should be used to perform UE Rx beam sweeping even if the UE does not have precise self-location information. In addition, the UE can also apply the detected Rx beam to the reception of other PRS resources.
Observation 1:
· Single DL-AoD/ZoA and uncertainty value based expected angle signaling may be helpful to fix UE Rx beam toward the target TRP
· DL-PRS index based expected angle signaling may be helpful to perform UE Rx beam sweeping

2.2. RSRP measurement reporting
Regarding enhancements related to RSRP measurement reporting, the following agreement was made at the last meeting [4].
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

Rel-16 NR supports reporting multiple RSRP measurements within a DL-AoD report. However, whether the multiple RSRP measurements correspond to the same UE Rx beam or not is up to UE implementation. In addition to reporting multiple RSRPs corresponding to same or different UE Rx beam index, introducing more than 8 RSRP measurements per TRP would be helpful to improve DL-AoD positioning accuracy. Considering the maximum number of RSRP measurements per TRP is up to UE capability, it may be ok to support the large enough values for N and M, e.g., 24.
Observation 2: 
· It may be ok to support the large values for the numbers of DL-PRS and first path RSRP measurements per TRP. 
· e.g. Support up to 24 DL-PRS RSRP measurements per TRP with UE capability
· e.g. Support up to 24 first path RSRP measurements per TRP with UE capability

2.3. Definition of path RSRP
Regarding definition of path RSRP, the following agreement was made at the last meeting [4].
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

In order to introduce first arrival path measurement for DL, UL and DL+UL positioning, the definition of path DL-PRS RSRP was agreed. Here, we discuss the two remaining issues.
First discussion point is whether path DL-PRS RSRP should be normalized with PRS RSRP (i.e. RSRP of all paths specified in Rel-16) or not. If path DL-PRS RSRP is normalized with PRS RSRP, the path DL-PRS RSRP can report ratio of first arrival path power and all arrival path power. The ratio information would be helpful for improvement of positioning accuracy at LMF (e.g. detection of LOS/NLOS). Thus, we think it may be better to normalize the path DL-PRS RSRP measurement with PRS RSRP measurement.
Observation 3: 
· It may be better to normalize the path DL-PRS RSRP measurement with PRS RSRP measurement

Another discussion point is whether the definition of the ith path delay (other than i=1) should be specified or not. Considering path delay spread depends on propagation environment, we think the ith path DL-PRS RSRP is the power corresponding to the ith detected path similar to the definition of first arrival path.
Observation 4: 
· If the definition of the ith path delay (other than i=1) is specified, the following definition can be considered
· The ith path DL-PRS RSRP is the power corresponding to the ith detected path

3. Conclusion
In this contribution, we discussed on potential enhancements for Rel-17 DL-AoD positioning. Based on the discussion, we made following observations and proposals.
Observation 1:
· Single DL-AoD/ZoA and uncertainty value based expected angle signaling may be helpful to fix UE Rx beam toward the target TRP
· DL-PRS index based expected angle signaling may be helpful to perform UE Rx beam sweeping
Observation 2: 
· It may be ok to support the large values for the numbers of DL-PRS and first path RSRP measurements per TRP. 
· e.g. Support up to 24 DL-PRS RSRP measurements per TRP with UE capability
· e.g. Support up to 24 first path RSRP measurements per TRP with UE capability
Observation 3: 
· It may be better to normalize the path DL-PRS RSRP measurement with PRS RSRP measurement
Observation 4: 
· If the definition of the ith path delay (other than i=1) is specified, the following definition can be considered
· The ith path DL-PRS RSRP is the power corresponding to the ith detected path
Proposal 1:
· Support 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
· 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 
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