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Introduction
In this contribution, we further discuss the issues related to improving the accuracy for DL-AoD positioning solutions,  focusing on thedefinition of the path PRS RSRP, the adjacent beam reporting, the expected DL-AoD uncertainty window, the two-stage PRS beam sweeping and additional gNB beam information signaling. 
Definition of the path PRS RSRP
In RAN1#106-e meeting, the following agreements were achieved for DL-AoD enhancement [1]: 

Agreement:
For definition of the path PRS RSRP, consider the following options until RAN1#106b-e:
· Option 1: the measured path PRS RSRP correspond to the power of the channel impulse response, at a certain path delay, over which the DL PRS is received.
· Option 2: the path PRS RSRP correspond to the accumulated power of the channel impulse response over which the DL PRS is received, over a time duration corresponding to the given path delay 
· FFS: whether/how is the window conveyed to the UE (i.e., fixed in specification or configured in measurement request or determined by the UE)
· FFS on relationship with the UE DL PRS measurement bandwidth.
· FFS: normalization of the path RSRP measurement with DL PRS RSRP (i.e. RSRP for all path as defined in Rel-16) could be included in the measurement definition. 
· FFS: Further details of the definition, e.g. definition of the certain path delay
· Up to RAN4 to define any test/requirement for the measurement.
As an enhancement on DL-AoD positioning, RSRP of the first path has been agreed to be reported by UE. In the last meeting, two options are proposed for the definition of the path PRS RSRP. In our opinion, the window of option 2 is difficult to define in the spec since it may be different for different channels. The window could be left to UE implementation. For option 1, the meaning of “power of the channel impulse response” is not quite clear, especially compared with the “accumulated power” mentioned in option 2. Per our understanding, the power in option 1 refers to the instantaneous power and the “accumulated power” in option 2 should be replaced with “averaged” power. We prefer to clarify it in the definition. Moreover, due to resolution limitations there are cases that the first path is partially overlapped with the other paths. How to identify the first path and calculate the received power of the first path may be decided by RAN4. From our perspective, the definition of path PRS RSRP should refer to that of DL PRS-RSRP in TS 38.215. Therefore, we propose to revise Option 1 as follows:

Proposal 1: The path PRS RSRP should be defined as the measured path PRS RSRP corresponding to the instantaneous power (in [W]) of the channel impulse response, at a certain path delay, over which the resource elements that carry DL PRS reference signals are received.

Further, the ratio of the receiving power of the first arriving path to the total PRS-PRSP with Rel-16 definition reflects the LOS path possibility of a PRS resource. It is beneficial to be used by LMF for improving the accuracy of UE positioning calculation. Therefore, normalization of the path RSRP measurement with DL PRS RSRP could be supported.

Proposal 2: Normalization of the path RSRP measurement with DL PRS RSRP could be included in the measurement definition.


Adjacent beam reporting
In RAN1#105-e meeting, the following agreements were further achieved [2]: 
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

The motivation of reporting measurement of adjacent PRS resources is to improve the accuracy of DL-AoD estimation at LMF. Considering the beam pattern (including the main lobe and the side lobe) of a PRS resource, there would be some overlap between PRS resources with adjacent Tx beams. By providing the RSRP measurements of those PRS resources with Tx beams next to that of the PRS resource with the largest RSRP, finer DL-AoD would be calculated using certain interpolation algorithms. 

As each gNB has its own adjacent beam information, this information could be sent to LMF and then configured in the DL assistance data. According to the above four options, option 1 and option 3 indicate the beam information in the assistance data. For option 1, the beam information could be an ordered PRS resource ID list. For option 3, the beam information is the boresight directions of the PRS resources. Both of these options are feasible for a UE to report the measurements of adjacent PRS resources, which should be supported in Rel-17.

In addition, based on knowledge of coarse UE location, UE may be requested to measure and report on those PRS resources covering the range of UE. It is beneficial to reduce measurement overhead and improve accuracy. Option 4 may also be considered in Rel-17.

Proposal 3: For UE-Based and UE-Assisted DL-AoD positioning method in Rel-17, both option 1 and option 3 of the agreement of the RAN1#105-e meeting should be supported:
· Option 1: The LMF explicitly identify adjacent beams in the assistance data (AD)
· Option 3: The LMF includes boresight direction information for each PRS resource in the assistance data

DL-AoD uncertainty window

In RAN1#104b-e meeting, the following agreements were further achieved [3]: 

Agreement:
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, 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.
0. FFS: details of signaling
1. FFS: Applicability of this agreement to other Positioning methods


The benefit of introducing an uncertainty window for DL AoD is to reduce UE RX beam training. UE would try those RX filters within the uncertainty window to determine an optimized RX beam. According to the above agreement in RAN1#104b-e, two options for the uncertainty window will be studied. The expected DL-AoD/ZoD value (option 1) is defined from gNB perspective, and the expected DL-AoA/ZoA value (option 2) is from the UE perspective. In the LOS scenario, these two options are equivalent. Therefore, either option could be supported.

These expected angles should be defined with a reference direction. In UL, the expected AoA may be defined in either GCS or LCS, as gNB usually knows its antenna orientation. However, some UEs may not know their orientations. If the expected DL-AoD/ZoD value or DL-AoA/ZoA value are defined in GCS or LCS, these UEs may not be able to use the angle information. In Rel-16, DL PRS is QCLed with SSB or other reference signals to provide the Rx beam information. Then, it is natural to use the boresight direction of SSB or DL PRS as the reference direction. The expected angle values are defined as an angle offset to the reference direction. With respect to the concerns that UE would not receive the SSBs due to the coverage issues, we may restrict the SSB or DL PRS used to determine the reference direction belonging to the serving cell. In addition, the direction of UL SRS could also be used as the reference direction, which is more straightforward for UE to adjust its RX beam.  As illustrated in Figure 2, the expected DL-AoD/ZoD value or DL-AoA/ZoA value are defined as an offset to the boresight of the SRS resource.
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Figure 2: Reference direction determination base on SRS

Proposal 4: The reference direction of the expected DL-AoD/ZoD or DL-AoA/ZoA, which can be the resource ID(s) of DL/UL reference signals or SSB index, should be indicated to UE.
Two-stage PRS beam sweeping
In RAN1#105-e meeting, the following agreement on PRS beam sweeping was achieved [2]: 

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 the implementation). 
· Note: Two-stage PRS beam sweeping corresponds to different DL PRS resource sets

Two-stage PRS beam sweeping implies the combination of wide beam sweeping (first stage) and narrow beam sweeping (second stage).  The beams of the second stage are the refinement of the beams of the first stage. This scheme is beneficial to enhance the positioning accuracy and reduce the PRS resource overhead. 
The two-stage PRS could be implemented by the two PRS resource sets of the same TRP. There are two options for the association between the two resource sets (assume PRS resource set 0 corresponds to the first stage and PRS resource set 1 corresponds to the second stage):
· Option 1 (dynamic association): All the PRS resources of set 1 are QCLed with a single PRS resource of set 0. The QCL information is determined by the measurement result of PRS resource set 0.
· Option 2 (semi-static association): The PRS resources of set 1 are divided into several subsets. Each subset is QCLed (configured in the assistance data) with a different PRS resource of set 0.
For option 1, the QCL information of PRS resource set 1 is not configured. UE would first report the measurement results (e.g. PRS-RSRP) of PRS resource set 0. Depends on the measurement result, PRS resource set 1 is QCLed with the optimum PRS resource of set 0. This means the association between the two PRS resource sets could be dynamically changed. For option 2, each PRS resource of set 0 is associated with a subset of PRS resources of set 1, which is configured semi-statically by LMF. Depends on the measurement result of PRS resource set 0, only the PRS subset of set 1, which is QCLed with the optimum PRS resource of set 0, is transmitted or being measured. From our point of view, option 1 is more flexible with less PRS overhead. Moreover, with the same number of PRS resources of resource set 1, option 1 achieves better beam refinement (more narrow beams could be used). Therefore, option 1 should be at least supported in Rel-17.

Proposal 5: For two-stage PRS beam sweeping, the dynamic association between DL PRS resources belonging to two DL PRS resource sets of the same TRP should be supported.
Support of additional gNB beam information signaling
In RAN1#106-e meeting, the following agreements were further achieved [1]: 

Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, decide to support one of the following options:
· Option 2.1: The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP	
· The relative power is defined with respect to the peak power of that resource
· FFS: How many relative power levels can be included (e.g., single -3 dB power-levels, multiple power-levels, etc). 
· Option 2.2: The gNB reports quantized version of the relative Power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle
· For each angle, at least two PRS resources are reported.
· FFS: support of multiple levels of quantization
· FFS: how the report is constructed
· FFS: overhead reduction mechanisms, including reusing of associated-dl-PRS-ID as a way of signaling that 2 TRPs have the same beam information
· The gNB beam/antenna information can optionally be provided to the UE by the LMF 
· Note: Up to RAN2 & RAN3 the signaling/procedures on how the LMF receives this information from the gNBs
· Send an LS to RAN2 & RAN3 with this agreement

If LMF has accurate DL-PRS beam distribution information, combined with RSRP measurement from UE, the accuracy of DL-AoD can be effectively improved. Compared with the explicit antenna parameters, e.g. the antenna spacing and the number of antenna elements, the above quantized scheme could be applied to more general scenarios (either DFT beam or not). There are two options provided, where Option 2.1 signals the relative Power/Angle response for each PRS resource and Option 2.2 signals the relative Power for each angle. From the signaling overhead perspective, the overhead of Option 2.1 depends on the number of PRS resources and the power levels for each PRS resource, while the overhead of Option 2.2 depends on the number of quantized angles and the corresponding number of PRS resources related. In our opinion, with similar DL-AoD accuracy, there would be no big difference in the overhead of these two options. From signaling design perspective, since PRS resource IE has been defined in Rel-16, it is more straightforward for Option 2.1 to add the relative Power/Angle response in this IE. But for Option 2.2, a new angle IE have to be introduced, and the relative power between PRS resources are further included. Considering the spec impact, Option 2.1 is slightly preferred.

Proposal 6: For the beam/antenna information provided to the LMF, the gNB could report quantized version of the relative Power/Angle response per PRS resource per TRP.

[bookmark: _Ref60564645][bookmark: _Ref47295954]Conclusions
In this contribution, we discuss DL-AoD positioning enhancements, and give the following proposals:

[bookmark: _GoBack]Proposal 1: The path PRS RSRP should be defined as the measured path PRS RSRP correspond to the instantaneous power (in [W]) of the channel impulse response, at a certain path delay, over which the resource elements that carry DL PRS reference signals are received.

Proposal 2: Normalization of the path RSRP measurement with DL PRS RSRP could be included in the measurement definition.

Proposal 3: For UE-Based and UE-Assisted DL-AOD positioning method in Rel-17, both option 1 and option 3 of the agreement of the RAN1#105-e meeting should be supported:
· Option 1: The LMF explicitly identify adjacent beams in the assistance data (AD)
· Option 3: The LMF includes boresight direction information for each PRS resource in the assistance data

Proposal 4: The reference direction of the expected DL-AoD/ZoD or DL-AoA/ZoA, which can be the resource ID(s) of DL/UL reference signals or SSB index, should be indicated to UE.

Proposal 5: For two-stage PRS beam sweeping, the dynamic association between DL PRS resources belonging to two DL PRS resource sets of the same TRP should be supported.

Proposal 6: For the beam/antenna information provided to the LMF, the gNB could report quantized version of the relative Power/Angle response per PRS resource per TRP.
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