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[bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
[bookmark: _Ref7792543][bookmark: _Ref7598514]In this contribution, we discuss the remaining issues to be addressed for DL-AOD positioning enhancements. 
Remaining issues in Rel 17 NR positioning enhancements
Path SRS RSRP for UL AOA
The current definition of SRS RSRPP is [2]

	UL SRS reference signal received path power (UL SRS-RSRPP) is defined as the power of the linear average of the channel response at the i-th path delay of the resource elements that carry the received UL SRS signal configured for the measurement, where UL SRS-RSRPP for 1st path delay is the power contribution corresponding to the first detected path in time.



In this definition, it is not clear what constitutes the channel response of the resource elements that carry the SRS/PRS, or over which domain the linear average is taken.

Define the time-domain signal received for a given path p as  .   In the frequency domain, let us define the channel response at the path delay p is   for resource element k, with the time-frequency relation being . The average power at path p is

	



	(1)



Using Parseval’s theorem, the power using the frequency domain is then:
	
	(2)





Looking at the RSRPP definition in 38.215, if the definition applies to the frequency domain definition of the channel response,  the definition is incorrect, as the  power of the linear average of the resource elements carrying the received UL SRS would then be 
	
	(3)





Which is not equal to the power equation, the Fourier coefficient would be missing from the expression.  If the expression “channel response of the resource element” is meant to account for “, it is confusing, because a resource element is a frequency domain variable, while the channel response is a time domain variable. We propose to clarify the RSRPP for the SRS/PRS at symbol n should be calculated as the average of the power for all resource elements configured for the SRS being measured at path p, i.e. as in equation (2), or using the time-domain equivalent shown below in equation (4)
	
	(4)



In practice, equation 4 is better, as the measurement will be performed in the time domain as part of the peak search.  A proposed definition follows:

 UL SRS reference signal received path power (UL SRS-RSRPP) is defined as the   power of the SRS channel response at the ith path delay, where 
· The SRS channel response for the ith path delay is obtained by a time-domain transform of the resource elements that carry the received UL SRS signal configured for the measurement at the ith path delay,   
· UL SRS-RSRPP for 1st path delay is the power contribution corresponding to the first detected path in time.



[bookmark: _Toc101732629]Endorse the following definition for SRS  RSRPP
UL SRS reference signal received path power (UL SRS-RSRPP) is defined as the   power of the SRS channel response at the ith path delay, where 
· The SRS channel response is obtained by a time-domain transform of the received signal at the resource elements that carry the received UL SRS signal configured for the measurement,   
· UL SRS-RSRPP for 1st path delay is the power contribution corresponding to the first detected path in time.

Remaining issues for DL AoD 

Further clarification on the PRS RSRPP definition
Similar to UL SRS RSRPP, the definition for PRS RSRPP is not clear.  Based on the discussion for SRS RSRPP, a similar correction to the PRS RSRPP definition is proposed:
[bookmark: _Toc101732630]Endorse the following definition for PRS  RSRPP
DL PRS reference signal received path power (DL PRS-RSRPP) is defined as the   power of the PRS channel response at the ith path delay, where 
· The PRS channel response  is obtained by a time-domain transform of the resource elements that carry the received DL PRS signal configured for the measurement 
· DL PRS-RSRPP for 1st path delay is the power contribution corresponding to the first detected path in time.


Reporting of relative time of arrival
During the previous RAN1 meetings, there were discussions on the  time alignment of  the different PRS measurement made by the UE.  For the same TRP, it is important that the PRS RSRPP measurements from different PRSs are taken for the same path, i.e., for the same time of arrival.  If this cannot be secured, an alternative would be to inform the LMF of the inter-arrival time between the different PRS RSRPPs, which can be reported using an RSTD IE. 

Without the inter-arrival time information, or the knowledge that different PRSs are measured for the same path, the DL AOD positioning algorithm can only identify the AOD using path power without any context as to when that power is received. This can lead the positioning algorithm to select the strongest PRS RSRPP as the main direction for the AOD, even if that PRS is received via a reflection (case where LOS is obstructed). 

[bookmark: _Toc101732631]When reporting more than one PRS RSRPP for a TRP, the UE can optionally report the inter-arrival time for the first paths used in a pair of measurement. 

DL PRS RSRPP and Rx Diversity
The issue of Rx diversity has been  discussed for RSRPP definition of both SRS-RSRPP and PRS RSRPP.  The issue did not converge for PRS RSRPP, but a did converge for SRS-RSRPP.  Two options where agreed, depending on whether SRS-RSRP was reported.  We propose to endorse a similar definition for PRS RSRPP and Rx Diversity.  

Additional path PRS RSRP measurements are not agreed for DL-AOD but can be reported for time-based methods.  Therefore, we think the definition should include the options applicable for additional paths. 

[bookmark: _Toc101732632]The following is added to the definition of DL PRS RSRPP:
[bookmark: _Toc101732633]For frequency range 1 and 2, if receiver diversity is in use by the UE for DL PRS-RSRPP measurements: 
[bookmark: _Toc101732634]- The reported DL PRS-RSRPP value for the first and additional paths shall be provided for the same receiver branch(es) as applied for DL PRS-RSRP measurements, or 
[bookmark: _Toc101732635]- The reported DL PRS-RSRPP value for the first path shall not be lower than the corresponding DL PRS-RSRPP for the first path of any of the individual receiver branches and the reported DL PRS-RSRPP for the additional paths shall be provided for the same receiver branch(es) as applied DL PRS-RSRPP for the first path. 


Prioritization of PRS for Adjacent beam reporting 
[bookmark: _Toc75790595][bookmark: _Toc75790596][bookmark: _Toc75790597][bookmark: _Toc75790598]  The following was agreed during RAN1#107e:

	Agreement 
For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) reporting, the LMF may indicate in the assistance data (AD), one or both the following: 
· option 1: subject to UE capability, for each PRS resource, a subset of PRS resources for the purpose of prioritization of DL-AOD reporting:
· a UE may include the requested PRS measurement for the subset of the PRS in the DL-AoD additional measurements if the requested PRS measurement of the associated PRS is reported 
· The requested PRS measurement can be DL PRS RSRP and/or path PRS RSRP. 
· UE may report PRS measurements only for the subset of PRS resources.
· Note: The subset associated with a PRS resource can be in a same or different PRS resource set than the PRS resource 
· option 2: subject to UE capability, for each PRS resource, the boresight direction information. 
· Note: Either case does not imply any restriction on UE measurement 
· FFS: prioritization of the PRS resources and resource subsets to be measured  




The issue was discussed during RAN1#108e without converging.  The specification currently only support prioritization up to the resource set level. The priority of resources is left to UE implementation. 

In order to make the UE measurement report as useful as possible, the report should ideally be aligned to the positioning algorithm. For example if the UE reports are only based on the PRS strength, it is possible that the UE omits PRS measurement that are weaker than others but would be more important for interpolation. 

The order of the resources in the assistance can be sufficient to give the priorities of each PRS.  an example is given in the diagram below, where 12 resources are signaled in the AD for beams organized as follow:


	PRS#1
	PRS#2
	PRS#3
	PRS#4

	PRS#5
	PRS#6
	PRS#7
	PRS#8

	PRS#9
	PRS#10
	PRS#11
	PRS#12


Figure 1: arrangment of PRS beams in elevation and azimuth. 
Let’s assume that the assistance data is given as follow for each PRS  and its associated PRS subset:
PRS#6 (#2, #5,#10,#7)
PRS#5(#1,#6,#9)
PRS#2(#1,#3,#6)
PRS#10(#6,#9,#11)
PRS#7(#3,#11,#6, #8)
… etc


In this example, the LMF has ordered the AD so that the first 5 PRS resource IDs are also the full subset of the first PRS resource, signalling that the LMF thinks that first PRS and its subsets are the most important measurement to be reported.   

[bookmark: _Toc101732636]The PRS resources order in the assistance data is used as a priority order for the PRS and PRS subset reports. 

 When estimating DL-AoD, the DL beam directions of reported PRS Resources are weighted based on the measured first path PRS RSRP or PRS RSRP. It is essential that the power measurements are done using the same UE Rx beam to avoid a biased estimate. 

[bookmark: _Toc101732637]Path PRS-RSRP measurements of adjacent DL PRS Resources that the UE reports should be performed using the same Rx-beam.


Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	Endorse the following definition for SRS  RSRPP
Proposal 2	Endorse the following definition for PRS  RSRPP
Proposal 3	When reporting more than one PRS RSRPP for a TRP, the UE can optionally report the inter-arrival time for the first paths used in a pair of measurement.
Proposal 4	The following is added to the definition of DL PRS RSRPP:
For frequency range 1 and 2, if receiver diversity is in use by the UE for DL PRS-RSRPP measurements:
- The reported DL PRS-RSRPP value for the first and additional paths shall be provided for the same receiver branch(es) as applied for DL PRS-RSRP measurements, or
- The reported DL PRS-RSRPP value for the first path shall not be lower than the corresponding DL PRS-RSRPP for the first path of any of the individual receiver branches and the reported DL PRS-RSRPP for the additional paths shall be provided for the same receiver branch(es) as applied DL PRS-RSRPP for the first path.
Proposal 5	The PRS resources order in the assistance data is used as a priority order for the PRS and PRS subset reports.
Proposal 6	Path PRS-RSRP measurements of adjacent DL PRS Resources that the UE reports should be performed using the same Rx-beam.
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