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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, We provide our views for the below options.

	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.

Agreement:
· For both UE-based and UE-assisted DL-AOD study the following enhancements that enable the UE to measure and report (for UE-assisted) information related to the first arriving path
· Option 1: Information corresponds to PRS-RSRP of the first arriving path
· Option 2: Information corresponds to the angle of departure of the first arriving path
· Option 3: Information corresponds to the arrival time of the first path
· Option 4: Information corresponds to phase of the CIR corresponding to the first arriving path
· Option 5: Information corresponds to received signal value (amplitude and phase of the channel estimated from the first path which can be achieved as a combination of option 1 and option 4) of the first arriving path
· FFS: Reporting of additional path to the first arriving path.
· FFS: Measurement definition details
· FFS: additional assistance data to support these enhancements
· FFS: how the “first path” is selected among PRS resources in a PRS resource set  
· Note 1: Supporting multiple options as well as none of the options above is not precluded.

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






2 Enhancement on RSRP measurements
The following options are related to the enhancement on RSRP measurements,
	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.



We also see that in RAN1 #97, there are the following options,
	Agreement:
· For positioning purposes, to assist UE to perform Rx beamforming, the following options are supported (options are from previous related agreement in RAN1#96bis):
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell.
· Discuss further which DL reference signal can be used (e.g., SSB, CSI-RS, DL-PRS).
· Option 2: The UE may perform a Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
· Option 3: The UE may use a fixed Rx beam to receive DL PRS resources which are transmitted with different downlink spatial domain transmission filter.
· FFS: Whether this option can be achieved by Option 1
· FFS on specification impacts.




So basically, RAN1 was thinking that fixing the RX beam is required for DL-PRS resources measurements. The issue was how to describe this UE behavior.

And in RAN1 #98bis, it was agreed to use QCL type D for the behavior of fixing RX beam for UE,
	Agreement:
For positioning purposes, to assist UE to perform Rx beamforming, the following can be used (option 1 from previous related agreement in RAN1#97):
· The DL PRS can be configured to be QCL Type D with a DL Reference Signal from a serving or neighbouring cell. SSB or DL-PRS can be the QCL Type D source of DL-PRS.
FFS: CSI-RS for RRM



Furthermore, 8 RSRP measurements were considered for 4 horizontal beams and 4 vertical beams respectively. Therefore the Option 2 “Up to 8 measurements in a measurement report, for the same Rx beam index” should have been RAN1’s intention for Rel-16. And after RAN2’s signalling design with certain manipulation, it became Option 1.

Option 2 for Rel-17 may not be treated as the solution of enhancement. We propose to select Option 3, which is able to contain Option 2 but with wider scope as enhancement purpose.

Proposal 2-1: Consider Option 3 “Up to N>=8 measurements“

3 Enhancement on first path measurements
There are a number of options for enhancing the first path measurements, 
	Agreement:
· For both UE-based and UE-assisted DL-AOD study the following enhancements that enable the UE to measure and report (for UE-assisted) information related to the first arriving path
· Option 1: Information corresponds to PRS-RSRP of the first arriving path
· Option 2: Information corresponds to the angle of departure of the first arriving path
· Option 3: Information corresponds to the arrival time of the first path
· Option 4: Information corresponds to phase of the CIR corresponding to the first arriving path
· Option 5: Information corresponds to received signal value (amplitude and phase of the channel estimated from the first path which can be achieved as a combination of option 1 and option 4) of the first arriving path
· FFS: Reporting of additional path to the first arriving path.
· FFS: Measurement definition details
· FFS: additional assistance data to support these enhancements
· FFS: how the “first path” is selected among PRS resources in a PRS resource set  
· Note 1: Supporting multiple options as well as none of the options above is not precluded.




In Rel-16, RSRP measurements over multiple DL-PRS beams are designed to realize the AoD technique in order to implicitly determine the angle (direction) between a TRP and a UE. The differential RSRP reporting among beams are more significant than the absolute RSRP reporting. This is because by taking the differential, the effects such as the path loss exponent under different scenarios could be removed. 

The RSRP is equivalent to calculate the total power of all the received paths. Under NLOS scenario, the strongest path is usually not the direct path, and the strongest path may arrive at UE through another angle due to reflection. Therefore, if the measured RSRP values are dominated by the reflection paths, the final angle estimation between a TRP and a UE would be biased as well. A sensible enhancement in Rel-17 should consider the modified RSRP measurement which only contains the first path power. Then at least Option 1 is supported.

Option 2 is to leverage the direction finding solution in Bluetooth [1]. The principle is to measure the phase difference between the signals which are transmitted sequentially by multiple antennas in order to derive the angle between a TRP and a UE explicitly. The transmission side may need to conduct the antenna switching sequentially, and the receiving side may need to know a priori the antenna array configuration and the antenna switching sequence. Option 4 may also apply same transmission mechanism as Option 2 and therefore we treat Option 2 and 4 very similar. The absolute phase from receiver point of view doesn't bear sufficient information for determining the angle, because the receiver definitely has the relative phase difference from the transmitter.

Option 4 could be more comprehensive than Option 2. This is because Option 2 still needs to tackle the issue of NLOS, and Option 4 may have considered how to deal with NLOS condition.

The transmission mechanism for Option 1 belongs to joint and simultaneous transmission of all antennas through the phase adjustment in each antenna. In our view, Option 5 is contradictory. This is because under the sequential antenna switching, the beamforming is not applied and therefore, it is not expected to observe significant path power difference.

For Option 4, the phase continuity during antenna switching may need to maintained. Further study is needed to understand whether the phase continuity could be maintained at certain level, and the corresponding performance impact.

For Option 1, when the measurement is conducted in time domain (pre-FFT) after CIR is derived, the “measurement window” containing the first path in each beam (DL-PRS resource) may need to be aligned, which is a fixed measurement window across beams.  


Observation 3-1: The transmission mechanism for Option 1 “Information corresponds to PRS-RSRP of the first arriving path” is joint and simultaneous transmission of all antennas through the phase adjustment in each antenna

Observation 3-2: The transmission mechanism for Option 2 “Information corresponds to the angle of departure of the first arriving path“ and Option 4 “Information corresponds to phase of the CIR corresponding to the first arriving path“ are sequential antenna switching

Proposal 3-1: At least Option 1 “Information corresponds to PRS-RSRP of the first arriving path” is supported

Proposal 3-2: FFS on Option 4 “Information corresponds to phase of the CIR corresponding to the first arriving path“ for the phase continuity maintenance during antenna switching

Proposal 3-3: For Option 1, when the measurement is conducted in time domain (pre-FFT) after CIR is derived, the “measurement window” containing the first path in each beam (DL-PRS resource) may need to be aligned, which is a fixed measurement window across beams.

4 Enhancement on DL-PRS resources measurements
The following options are provided for further discussion,
	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



It is natural to select the beams with larger RSRP values. The beams with orientation more distant from the beam with largest RSRP would have smaller RSRP values. Therefore, UE can simply report RSRP with decreasing order of measured value. Indication of adjacent beams is not necessary.


Observation 4-1: Indication of adjacent beams is not necessary

Observation 4-2: The beams with orientation more distant from the beam with largest RSRP would have smaller RSRP values. Therefore, UE can simply report RSRPs with decreasing order of measured value

Proposal 4-1: UE may report RSRPs with decreasing order of measured value

5 Conclusion
Observation 3-1: The transmission mechanism for Option 1 “Information corresponds to PRS-RSRP of the first arriving path” is joint and simultaneous transmission of all antennas through the phase adjustment in each antenna

Observation 3-2: The transmission mechanism for Option 2 “Information corresponds to the angle of departure of the first arriving path“ and Option 4 “Information corresponds to phase of the CIR corresponding to the first arriving path“ are sequential antenna switching

Observation 4-1: Indication of adjacent beams is not necessary

Observation 4-2: The beams with orientation more distant from the beam with largest RSRP would have smaller RSRP values. Therefore, UE can simply report RSRPs with decreasing order of measured value

Proposal 2-1: Consider Option 3 “Up to N>=8 measurements“

[bookmark: _GoBack]Proposal 3-1: At least Option 1 “Information corresponds to PRS-RSRP of the first arriving path” is supported

Proposal 3-2: FFS on Option 4 “Information corresponds to phase of the CIR corresponding to the first arriving path“ for the phase continuity maintenance during antenna switching

Proposal 3-3: For Option 1, when the measurement is conducted in time domain (pre-FFT) after CIR is derived, the “measurement window” containing the first path in each beam (DL-PRS resource) may need to be aligned, which is a fixed measurement window across beams.

Proposal 4-1: UE may report RSRPs with decreasing order of measured value
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