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Introduction
This contribution discusses Rel-17 NR positioning enhancements specifically in DL-AoD (Angle of Departure) positioning technique.

Enhancements for DL-AoD positioning
Extension of number of reported RSRP measurements
In Rel-16, up to eight DL PRS RSRP measurements are reported for each TRP. If the UE has eight Rx beams and all of them are used for measurements, the number of measurement report per Rx beam is limited. Considering this problem, the following agreement was made in the previous meeting [1]. 
	Agreement:
For UE-assisted DL AOD, select one of the following options for reporting of RSRP measurements per TRP
· Option 1: Up to 8 measurements in a measurement report (as in release 16) 
· Option 2: Up to 8 measurements in a measurement report, for the same Rx beam index
· Option 3: Up to N>=8 measurements
· Note: Multiple measurements corresponding to different Rx Beam index may be reported for a given PRS resource. 
FFS: value for N.


Practically, multiple measurement results (DL PRS-RSRP) measured with the same RX beam at different times can be useful for LMF to estimate location of the UE in the perspective of performance. In addition, if the number of Rx beams for measurement increases, it provides additional opportunity of reducing the estimation error of the UE location at LMF. Based on these observation, the option #3 is preferred.
Observation 1:
· Multiple measurement results (DL PRS-RSRP) measured with the same RX beam at different times can be useful for LMF to estimate location of the UE.
· If the number of Rx beams for measurement increases, it provides additional opportunity of reducing the estimation error of the UE location at LMF
Currently, if at least two DL-PRS RSRP measurements from the same DL-PRS Resource Set have been made with the same RX beam, the beam index is conditionally reported. The reason for providing beam index is to indicate only whether the UE uses a fixed RX beam or not. As beam orientation varies depending on the mobility and/or rotation of the UE, it may be questionable whether the reporting multiple measurement results for the same beam index is beneficial or not in terms of angle measurement. For this reason, we think that additional method should be considered to utilize the information more efficiently at LMF. If absolute angle values (azimuth and/or zenith) in GCS and/or LCS for each beam index or relative differential value for the angle that used with the same beam index before are reported in the measurement, it makes LMF can track the beam directions and to predict changes in the orientation of UE. For this reason, we think that discussion on additional elements to be reported in order to efficiently utilize beam index reporting should be necessary.
Observation 2:
· As beam orientation varies depending on the mobility and/or rotation of the UE, it may be questionable whether the reporting multiple measurement results for the same beam index is beneficial or not in terms of angle measurement.
Proposal 1:
· RAN1 should discuss about additional elements to be reported to utilize beam index and followings can might be considered.
· Absolute angle values (azimuth and/or zenith) in GCS and/or LCS for each beam index.
· Relative differential values (azimuth and/or zenith) for the angle that used with the same beam index before
Adjacent beam reporting
In general, there is no requirement for UE to report specific PRS resources. If UE reports the PRS resource(s) that are transmitted though the adjacent Tx beams of TRP, it may help to find accurate the location of UE at the LMF. Considering it, following was agreed in the previous meeting [1]: 
	Agreement:
For UE-assisted DL-AOD positioning method, study the following options to enable the UE to measure/report a PRS resource with an additional, adjacent PRS resources measurement/report:
· Option 1: UE can be requested to measure and report on specific PRS resources 
· Option 2: Enhancing the assistance data to identify adjacent beams
· Option 3: Enhancing the reporting to include the measurements of adjacent beams
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams
Note: Depending on the discussion results, none/one/multiple of above options may be adopted in Rel-17


For above agreement, we could understand the motivation. However, since the UE basically reports measurement results based on RSRP for each configured PRS resource(s), we think that the probability of reporting RSRP for the adjacent beam is high. In addition, if extension of number of reported RSRP measurements (in section 2.1) is supported, it may also increase that probability. For this reason, it is preferred not to discuss/decide on this issue until the issue related to the extension of number of reported RSRP is resolved. 
Observation 3:
· Since the UE basically reports measurement results based on RSRP for each configured PRS resource(s), the probability of reporting RSRP for the adjacent gNB Tx beams is high.
· If extension of number of reported RSRP measurements is supported, the probability of reporting RSRP for the adjacent gNB Tx beams also increases. 

Proposal 2:
· RAN1 does not need to discuss on adjacent beam reporting if extension of number of reported RSRP measurements is supported.

Expected AoD 
 In case of angle based measurement, one of the significant factors affecting performance is beam alignment between UE and each gNB/TRPs. Practically, even though UE uses configured Rx spatial beam which is related with PRS resource, the Rx spatial beam used for reception might be misaligned with LOS direction between UE and TRP. if the LMF provides the pre-calculated location of UE, UE can adjust Rx spatial filter to align approximated LOS direction since the location of TRP is configured in PRS configuration. In addition, since the pre-calculated location of UE is not accurate at the current measurement time, additional information such as the amount of uncertainty also can be considered. 
Proposal #3: 
· For beam alignment between gNB/TRP and UE, following additional enhancement (procedure and/or signaling from LMF or gNB/TRP to UE) should be considered: 
· [bookmark: _GoBack]Additional signaling: the location of UE and the amount of uncertainty
· Here the location of UE might be the pre-calculated location of UE at LMF. 
· Based on the above information, UE adjusts Rx spatial filter based on the information to align LOS direction. 
Resolution problem
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. 
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: _Ref61612671]Figure 1 An illustrative example of the UE’s location between two transmission beams.

[image: ]
[bookmark: _Ref61621187]Figure 2 An illustrative example of the DL-AoD positioning based on two-step method.

Proposal 4:
· To overcome beam resolution problem, 2-step beam adjustment procedure needs to be considered. 
Conclusion
In this contribution, we have discussed Rel-17 NR positioning enhancements especially for the DL-AoD positioning technique, and our observations / proposals are summarized below. 
Extension of number of reported RSRP measurements
Observation 1:
· Multiple measurement results (DL PRS-RSRP) measured with same RX beams at different times can be useful for LMF to estimate location of UE.
· If the number of Rx beams for measurement increases, it provides additional opportunity of correcting the estimation error
Observation 2:
· As beam orientation varies depending on the motion of the UE, it may be questionable whether the reporting multiple measurement results for the same beam index is beneficial or not in terms of angle measurement.
Proposal 1:
· RAN1 should discuss about additional elements to be reported to utilize beam index and followings can might be considered.
· Absolute angle values (azimuth, zenith, elevation) in GCS and/or LCS for each beam index.
· Relative angle values (azimuth, zenith, elevation) compared to it before used with the same beam index are reported in the measurement.
Adjacent beam reporting
Observation 3:
· Since the terminal basically reports measurement results based on RSRP for each configured PRS resource(s), the probability of reporting RSRP for the adjacent gNB Tx beams is high.
· If extension of number of reported RSRP measurements is supported, the probability of reporting RSRP for the adjacent gNB Tx beams also increases. 

Proposal 2:
· RAN1 does not need to discuss on adjacent beam reporting if extension of number of reported RSRP measurements is supported.
Expected AoD 
Proposal #3: 
· For beam alignment between gNB/TRP and UE, following additional enhancement (procedure and/or signaling from LMF or gNB/TRP to UE) should be considered: 
· Additional signaling: the location of UE and uncertainty
· Here the location of UE might be the pre-calculated location of UE at LMF. 
· Based on the above information, UE adjusts Rx spatial filter based on the information to align LOS direction. 
Resolution problem
Proposal 4:
· To overcome beam resolution problem, 2-step beam adjustment procedure needs to be considered. 
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