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Introduction
In RAN4#93 meeting, the following agreements were captured regarding PRS-RSRP measurements [1]:
PRS configurations for PRS-RSRP measurement requirement:
· Same as agreed for RSTD. Core requirements shall be applicable for:
· All PRS BW.
· All comb patterns.
· All repetition factors.
Serving/reference cell side condition for PRS-RSRP:
· In order to decide side conditions for serving/reference cell, need to check RAN2 agreements on cells included in the assistance data for PRS-RSRP measurements.
· Note: Agreed in RAN4#92bis:
· “Side conditions for PRS-RSRP accuracy requirements should be the same as those for RSTD requirements for neighbor cells.”
PRS-RSRP measurement period:
· If PRS-RSRP is configured to be measured along with RSTD using the same assistance data:
· then the measurement periods of PRS-RSRP and RSTD are the same.
· Otherwise: 
· In non-DRX the PRS-RSRP measurement period is FFS.
· When DRX is used then whether or not the PRS-RSRP measurement period depends on DRX cycle may depend on the positioning method; details are FFS.
PRS-RSRP report mapping:
· Maximum value of PRS-RSRP report mapping:
· Reuse the maximum valid value of the existing SS-RSRP report mapping (-44 dBm)
· Minimum value of PRS-RSRP report mapping:
· Investigate if the minimum value needs to be lower than the minimum value of the existing SS-RSRP report mapping
· Resolution of PRS-RSRP report mapping:
· Reuse the resolution of the existing SS-RSRP report mapping  (1 dB)


In this paper, we discuss some of the remaining issues on PRS-RSRP measurement.
Use case of PRS-RSRP
In our view, DL-AoD is the only clear use case of PRS-RSRP measurement. In this positioning method, one or more TRPs transmit PRS resources in a beam-sweeping manner and UE measures RSRP of each PRS resource with a fixed Rx beam. In UE-assisted mode, the measured RSRPs are reported through LPP protocol to the LMF where the corresponding AoDs are estimation and position calculation is performed. In UE-based mode, UE uses the assistance data including TRP geographical locations and PRS beam information (e.g., beam azimuth, width, elevation) to calculate the position. Figure 1 illustrates the use case in which PRS resource #1 is not aligned with UE’s Rx beam direction and hence low PRS-RSRP is estimated. On the other hand, PRS resource #3 is aligned with UE’s Rx beam direction and hence high PRS-RSRP is estimated. PRS resource#2 is somewhere in between the previous two resources. 
Observation 1. DL-AoD is the only clear use case of PRS-RSRP measurement wherein serving gNB transmit PRS resources in a beam-sweeping manner and UE measures RSRP of each PRS resource with a fixed Rx beam. Positioning calculation is based on TRP geographical locations and PRS beam information (e.g., azimuth, width, elevation). 
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Figure 1 DL-AoD positioning method based on PRS-RSRP
For other positioning methods such as multi-RTT or DL-TDOA, no clear use case of PRS-RSRP has yet been identified in RAN1 or RAN2. At most, PRS-RSRP measurements can be used as weighting factors on other measurements (e.g., UE Rx-Tx time difference or PRS-RSTD) from different PRS resources. It is noted that in such case, UE does not measure RSRP with the same fixed Rx beam as in DL-AoD but will likely adjust its Rx beam to match the DL-PRS resource. 
Observation 2. In multi-RTT and DL-TDOA, no clear use case of PRS-RSRP measurement other than being a weighting factor on other measurements (e.g., UE Rx-Tx time difference or RSTD) has yet been identified. 
As such, our view is that specification of PRS-RSRP requirements like measurement period, measurement accuracy, report mapping table, … should account for the use case of PRS-RSRP. RAN4 should avoid defining requirements for scenarios or positioning methods where the use of PRS-RSRP is not yet clear.
Measurement requirements
Measurement period
As discussed in [2], in DL-AoD, reporting delay requirements will depend on several factors as in the following:
· Periodicity of PRS resource set(s)
· Total number of PRS resources to be measured subject to UE capability
· UE processing power per measurement window
· UE buffering (memory) budget per measurement window
· Delay related to a single PRS resource including sampling and processing time
· Number of frequency layers to be measured
· PRS repetition factor as configured by DL-PRS-ResourceRepetitionFactor

In the RAN1 agreement (and also UE feature list document [4]), capabilities regarding maximum number of PRS resources that UE can advertise to be capable of measuring are listed as:
Agreement:
UE can be configured for DL PRS processing according to the following table:

	Description
	Maximum numbers for DL PRS resources
	Values that can be signaled as part of UE Capability 

	Max number of frequency layers (X1)

	X1=4

	Values = {1,4}
FFS: other values

	Max number of TRPs per frequency layer (X2)
	X2=64
	

	Max number of PRS resource sets per TRP (X3) per frequency layer
	X3=2

	Values = {1,2}

	Max number of Resources per PRS resource set (X4)
	X4=64

	
FFS: values

	Max number of DL PRS Resources per UE (X5)
	NA
	FFS: values

	Max number of TRPs for all frequency layers (X6) per UE
	256
	FFS: values

	Max number of Resources per frequency layer (X7)
	NA

	FFS: values


Note: This does not constrain in any way how features and feature sets are defined. The values in the table above may or may not be signalled to be different for different features or feature sets.
Furthermore, RAN1 amended a previous agreement as:
Agreement:
The prior agreement is updated as given below:
UE can be configured to measure and report up to N=8  (> 1) DL PRS RSRP measurements on different DL PRS resources from the same TRP
· N=[3] FFS: N is a UE capability


In addition to the above, [4] introduces two more UE capabilities as duplets {N1,T1} and {N2,T2} to signal maximum UE processing load and maximum UE memory budget, respectively:
· A limit on the maximum number N1 of DL PRS resources the UE is expected to measure across all TRPs and frequency layers within a measurement window of T1 msec reported as a list of duplets {N1, T1} when measurement gaps are configured

· A limit on the maximum number of symbols N2 containing PRS resources of maximum bandwidth the UE is expected to measure within a measurement window of T2 msec reported as a list of duplets {N2, T2} when measurement gaps are configured

Similar duplets also exist for when measurement gaps are not configured. 

The following analysis focuses on the derivation of measurement delay for one frequency layer when measurement gaps are configured and UE signals one duplet {N1,T1} and one duplet {N2,T2}  as a starting point for discussion.

The measurement delay requirement is determined by:
· The maximum number of DL PRS resources that UE measures subject it its capability
· The time required to process DL PRS resources that UE is configured to measure 
· The time required to buffer DL PRS resources that UE is configured to measure

Maximum number of PRS processes: 

For each frequency layer configured, the maximum number of DL PRS resources for PRS-RSRP measurement can be 

Where the first term in the min function above, , determines the max number of PRS resources the UE can report multiplied by the total number of TRPs per frequency layer, the second term, determines the maximum number of PRS resources that can be configured to a UE per frequency layer, and  is the upper bound on the number of PRS resources per frequency layer. 

Observation 3. Max number of DL PRS resources per frequency layer constrained by UE capability is  for PRS-RSRP measurement.

Time required for PRS processing: 

The time required for PRS processing of configured resources is a function of the duplet {N1, T1}. Figure 2 illustrates an example of several PRS resources spanning a time duration (LPRS) in ms, corresponding to the time lapse from the first symbol of the earliest PRS resource to the last symbol of latest PRS resource. The periodicity of these PRS resources are assumed to be all equal to TPRS. The time required to consume  PRS resources according to duplet {N1, T1} is:




However, this is subject to presence of PRS resources in a slot which is periodic. Given length LPRS appearing every TPRS , the total number of required periods, in units of TPRS , for PRS processing can be expressed as:




Figure 2 Time duration spanned by all DL PRS resources (LPRS) and PRS periodicity (TPRS) with SCS = 15 kHz
Observation 4. The total number of required PRS periods, in units of TPRS to process PRS resources is  where  and {N1, T1} is the signalled capability duplet for PRS processing. 

Time required for PRS buffering: 
Similarly, the time required for PRS buffering of configured resources is a function of duplet {N2, T2}. The time required to consume  PRS symbols according to duplet {N2, T2} is:



Where  corresponds to the total number of PRS symbols from  PRS resources. This number depends on the PRS configurations (e.g., comb pattern, DL-PRS-ResourceRepetitionFactor, …). The total number of PRS periods, in units of TPRS , required for PRS buffering can be expressed as:



Observation 5. The total number of PRS periods, in units of TPRS, required to process PRS resources is  where  and {N2, T2} is the signalled capability duplet for PRS buffering.

Finally, the measurement period formula can be expressed as:

 
Which accounts for both processing and buffering capability of UE. 
Proposal 1. PRS-RSRP measurement period for  PRS resources in one frequency layer can be expressed as 
Where 
·  is the UE processing time as expressed in Observation 4 (FFS)
·  is the UE buffering time as expressed in Observation 5 (FFS)
· When UE signals a list of {N1,T1} and {N2,T2}, as opposed to one {N1,T1} and one {N2,T2}, a separate  is derived for each pair and max of all  is used.

Measurement accuracy
As discussed in our PRS-RSTD and UE Rx-Tx time difference measurement papers, PRS-RSRP measurement accuracy should be defined using samples from only one DL PRS resource repetition, i.e., the time duration spanned by one DL PRS resource after repetition by DL-PRS-ResourceRepetitionFactor. Combining measurement across PRS repetitions, if possible and available, to improve performance should be left to UE implementation. 
[bookmark: _Hlk20405211]Proposal 2. PRS RSRP measurement accuracy to be defined using samples from only one DL PRS resource repetition, i.e., the time duration spanned by one DL PRS resource after repetition by DL-PRS-ResourceRepetitionFactor.  Combining measurements across PRS repetitions, if possible and available, to improve performance should be left to UE implementation.
As discussed in Section 2, the use of PRS-RSRP measurement in DL-AoD positioning method is well established in which the positioning calculation is done through reporting of RSRP values that UE measures using a fixed Rx beam and wherein only the differential RSRP value of each DL PRS resource with respect to a refence DL PRS resource is needed. 
Even in other positioning methods such as multi-RTT or DL-TDOA with the use case of PRS-RSRP as a weighting factor for other timing related measurements, differential RSRP serves the purpose and there is no need to have absolute PRS-RSRP requirements. 
Observation 6. In DL-AoD positioning method, differential PRS-RSRP measurement is used for positioning calculation. In multi-RTT or DL-TDOA with PRS-RSRP used as a weighting factor for other timing related measurements, differential RSRP serves the purpose and there is no need to have absolute PRS-RSRP requirements. 
Proposal 3. RAN4 to define only differential measurement accuracy requirements for PRS-RSRP.
 Side conditions
In our view, there is no need to define side conditions for serving cell or reference PRS-RSRP. It is noted that even in DL-AoD technique, the presence of PRS reference resource (or set) is necessary as UE needs to know what is the relative timing of DL PRS resources to be able to measure its energy (RSRP) correctly. However, in PRS-RSRP measurement, there is no requirement for UE to also measure RSRP of resource. Hence, only one side condition is needed and applicable to the PRS resources in the assistance data.  
Proposal 4. Only one side condition is needed and applicable to PRS resources in the assistance data for PRS-RSRP. This side condition is proposed to be the same as neighbour cell side condition in RSTD requirements.  
Measurement report mapping
The reference DL PRS resource used for reporting of PRS-RSRP differential values can be any PRS resource within the PRS resource set in the assistance data. Similar to LTE, the reference PRS resource can be selected by the UE (e.g, serving gNB beam). UE can select one PRS resource from each TRP as reference and reports differential PRS-RSRP measurement with respect to it. As such, the differential PRS-RSRP report mapping table can be one-sided covering only negative values. The ID of PRS resource used for differential reporting of PRS-RSRP may also be sent as part of the measurement report to LPP. 
Observation 7. Differential PRS-RSRP report mapping table can be one-sided covering only negative values since UE can select one PRS resource from each TRP as reference and report differential PRS-RSRP measurement with respect to it.
An example of such differential RSRP reporting already exists in Table 10.1.6.1-2 of TS 38.133 which is reproduced below. In our view, this table can be used as starting point for differential PRS-RSRP report mapping table as well. 
Table 1 Differential RSRP report mapping table 
[image: ]
Proposal 5. RAN4 to use Table 1 for differential PRS-RSRP report mapping table.
In RAN4#93 meeting, the minimum value of reporting mapping table for absolute PRS-RSRP was left open whereas the max and step size were selected to be similar to existing RSRP report mapping table in TS 38.133. As mentioned earlier, in our view, there does not seem to be a specific use case for absolute PRS-RSRP. Consequently, the min value of RSRP report mapping table in TS 38.133 should also be applicable to PRS-RSRP.
Proposal 6. Min value of absolute PRS-RSRP report mapping table to be the same as that in existing RSRP reporting mapping table in TS 38.133. 
Measurement reporting criteria
In DL-AoD, UE can be configured with multiple frequency layers for PRS-RSRP measurement where each frequency layer can consist of multiple TRPs, each TRP can consist of multiple resource sets, and each set can consist of multiple resources. In Section 3.1, these advertised capabilities are described. 
For each frequency layer configured in DL-AoD, the maximum number of DL PRS resources can be 

Where the definition of X2, X3, X4, and X7 can be found in Section 3.1. Consequently, each measurement reporting criterion corresponding to PRS-RSRP in DL-AoD positioning method corresponds to  PRS resources. 
Proposal 7. In DL-AoD positioning, each PRS-RSRP measurement reporting criterion corresponds to one frequency layer with Ecat = 1 indicating  PRS resources.
· FFS: 

Conclusions
Observation 1. DL-AoD is the only clear use case of PRS-RSRP measurement wherein serving gNB transmit PRS resources in a beam-sweeping manner and UE measures RSRP of each PRS resource with a fixed Rx beam. Positioning calculation is based on TRP geographical locations and PRS beam information (e.g., azimuth, width, elevation). 
Observation 2. In multi-RTT and DL-TDOA, no clear use case of PRS-RSRP measurement other than being a weighting factor on other measurements (e.g., UE Rx-Tx time difference or RSTD) has yet been identified. 
Observation 3. Max number of DL PRS resources per frequency layer constrained by UE capability is  for PRS-RSRP measurement.
Observation 4. The total number of required PRS periods, in units of TPRS to process PRS resources is  where  and {N1, T1} is the signalled capability duplet for PRS processing. 

Observation 5. The total number of PRS periods, in units of TPRS, required to process PRS resources is  where  and {N2, T2} is the signalled capability duplet for PRS buffering.

Proposal 1. PRS-RSRP measurement period for  PRS resources in one frequency layer can be expressed as 
Where 
·  is the UE processing time as expressed in Observation 4 (FFS)
·  is the UE buffering time as expressed in Observation 5 (FFS)
· When UE signals a list of {N1,T1} and {N2,T2}, as opposed to one {N1,T1} and one {N2,T2}, a separate  is derived for each pair and max of all  is used.

Proposal 2. PRS RSRP measurement accuracy to be defined using samples from only one DL PRS resource repetition, i.e., the time duration spanned by one DL PRS resource after repetition by DL-PRS-ResourceRepetitionFactor.  Combining measurements across PRS repetitions, if possible and available, to improve performance should be left to UE implementation.
Observation 6. In DL-AoD positioning method, differential PRS-RSRP measurement is used for positioning calculation. In multi-RTT or DL-TDOA with PRS-RSRP used as a weighting factor for other timing related measurements, differential RSRP serves the purpose and there is no need to have absolute PRS-RSRP requirements. 
Proposal 3. RAN4 to define only differential measurement accuracy requirements for PRS-RSRP.
Proposal 4. Only one side condition is needed and applicable to PRS resources in the assistance data for PRS-RSRP. This side condition is proposed to be the same as neighbour cell side condition in RSTD requirements.  
Observation 7. Differential PRS-RSRP report mapping table can be one-sided covering only negative values since UE can select one PRS resource from each TRP as reference and report differential PRS-RSRP measurement with respect to it.
Proposal 5. RAN4 to use Table 1 for differential PRS-RSRP report mapping table.
Table 1 Differential RSRP report mapping table 
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Proposal 6. Min value of absolute PRS-RSRP report mapping table to be the same as that in existing RSRP reporting mapping table in TS 38.133. 
Proposal 7. In DL-AoD positioning, each PRS-RSRP measurement reporting criterion corresponds to one frequency layer with Ecat = 1 indicating  PRS resources.
· FFS: 
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