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Introduction
In RAN4#94-e meeting, positioning measurements including PRS-RSRP were discussed and the WF agreed in [1]. In this paper, we continue discussing the following aspects:
· Intra-frequency vs. inter-frequency PRS-RSRP measurement
· PRS-RSRP report mapping tables
· PRS-RSRP measurement capability and reporting criteria
· Measurement requirements
· Measurement accuracy
· Side conditions
· Measurement period
Intra-frequency vs. inter-frequency PRS-RSRP measurement
Our views and proposal on the definition of intra-frequency and inter-frequency PRS-RSTD is discussed in [2]. Those definitions can readily be extended to PRS-RSRP measurement except that in PRS-RSRP measurement is not relative (not with respect to a reference resource). Hence, the definition of intra-frequency and inter-frequency PRS-RSRP is proposed as in the following. 
Proposal 1. Intra-frequency PRS-RSRP measurement is defined when DL PRS resource belongs to a positioning frequency layer whose BW is within the BW of UE’s active DL BWP, and its SCS and CP are the same as those of UE’s active DL BWP. Otherwise, the PRS-RSRP measurement is inter-frequency. 
Report mapping 
On this topic, the following was captured in [1]:
Absolute PRS-RSRP report mapping table:
· Min PRS-RSRP value in report mapping table:
· Option 1: -140 dBm
· Option 2: -156 dBm


The maximum value of PRS-RSRP report mapping table is already agreed to be -44 dBm. The step size of report mapping is also agreed to be 1 dB. In Table 10.1.6.1-1 of TS 38.133, the minimum value of -140 dBm corresponds to L1 values with -44 dBm maximum value. In our view, this is sufficient for PRS-RSRP report mapping as well. 
Moreover, the level of Io in FR1 and FR2 RRM tests are typically assumed to be -98 dBm/15 kHz. Assuming an SNR close to side conditions for positioning measurements (i.e., -13 dB in FR1), the corresponding RSRP value is -98 – 13 = -111 dBm. Even in Io levels close to REFSENS (e.g., -121 dBm/15 kHz), the corresponding RSRP value is -121 – 13 = -134 dBm. So the minimum value of -156 dBm does not have any practical use case. 
Proposal 2. Minimum PRS-RSRP value in report mapping table to be -140 dBm.
The more important use case of PRS-RSRP in DL-AoD requires differential reporting. On this topic, RAN2 sent RAN4 an LS in the last meeting [3]. Per RAN1 agreement:
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


From RAN2 LS:
[bookmark: _Hlk36309984]Confirm (same as current running CR) when a UE is configured to report  multiple DL PRS RSTD, PRS RSRP, RxTX measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and those multiple measurements being performed on the same pair of TRPs, the UE reports one full measurement results and additional delta measurement(s).

In our understanding, there are two use cases for differential PRS-RSRP reporting:
· DL-AoD positioning method with PRS-RSRP as the main measurement
· DL-TDOA or multi-RTT with PRS-RSRP as an auxiliary measurement
For DL-AoD, it is clear to us that the strongest PRS-RSRP is reported in absolute form and the remaining  PRS-RSRP values are reported in differential format. Hence, for DL-AoD use case, differential PRS-RSRP report mapping can be single-sided covering only the negative range. An excerpt from RAN2 LS on DL-AoD measurement report IE:
DL AoD
NR-DL-AoD-MeasList-r16 ::= SEQUENCE (SIZE(1..nrMaxTRPs)) OF NR-DL-AoD-MeasElement-r16

NR-DL-AoD-MeasElement-r16 ::= SEQUENCE {
	trp-ID-r16							TRP-ID-r16			OPTIONAL, 	nr-DL-PRS-ResourceId-r16			NR-DL-PRS-ResourceId-r16	 OPTIONAL,
	nr-DL-PRS-ResourceSetId-r16			NR-DL-PRS-ResourceSetId-r16 OPTIONAL,
	nr-TimeStamp-r16					NR-TimeStamp-r16,
	nr-PRS-RSRP-Result-r16				INTEGER (FFS)			OPTIONAL, -- Need RAN4 inputs on value range
	nr-DL-PRS-RxBeamIndex-r16			INTEGER (1..8),
	nr-MeasQuality-r16				NR-MeasQuality-r16,
	nr-DL-Aod-AdditionalMeasurements-r16		NR-DL-AoD-AdditionalMeasurements-r16,
	...
}

NR-DL-AoD-AdditionalMeasurements-r16 ::= SEQUENCE (SIZE (1..7)) OF NR-DL-AoD-AdditionalMeasurementElement-r16

NR-DL-AoD-AdditionalMeasurementElement-r16 ::= SEQUENCE {
	nr-DL-PRS-ResourceId-r16			NR-DL-PRS-ResourceId-r16	 OPTIONAL,
	nr-DL-PRS-ResourceSetId-r16			NR-DL-PRS-ResourceSetId-r16 OPTIONAL,
	nr-TimeStamp-r16					NR-TimeStamp-r16,
	nr-PRS-RSRP-ResultDiff-r16			INTEGER (FFS)			OPTIONAL, -- Need RAN4 inputs on value range
	nr-DL-PRS-RxBeamIndex-r16			INTEGER (1..8),
	...
}

nrMaxTRPs		INTEGER ::= 256		-- Max TRPs

Observation 1. For DL-AoD, the strongest PRS-RSRP is reported in absolute format and the remaining  PRS-RSRP values are reported in differential format. Hence, for DL-AoD use case, differential PRS-RSRP report mapping can be single-sided covering only the negative range.
PRS-RSRP is also provisioned as auxiliary measurement in multi-RTT and DL-TDOA. An excerpt from RAN2 LS on multi-RTT is as follows:
Multi-RTT
NR-Multi-RTT-MeasList-r16 ::= SEQUENCE (SIZE(1.. nrMaxTRPs)) OF NR-Multi-RTT-MeasElement-r16

NR-Multi-RTT-MeasElement-r16 ::= SEQUENCE {
	trp-ID-r16							TRP-ID-r16			OPTIONAL,
nr-DL-PRS-ResourceId-r16			NR-DL-PRS-ResourceId-r16	OPTIONAL,
	nr-DL-PRS-ResourceSetId-r16			NR-DL-PRS-ResourceSetId-r16 OPTIONAL,
nr-UE-RxTxTimeDiff-r16				INTEGER (0..ffs)	OPTIONAL,	-- FFS on the value range, to be decided in RAN4
nr-TimeStamp-r16					NR-TimeStamp-r16,
	nr-MeasQuality-r16					NR-MeasQuality-r16,
	nr-PRS-RSRP-Result-r16				INTEGER (FFS)			OPTIONAL, -- FFS, value range to be decided in RAN4.
	nr-Multi-RTT-AdditionalMeasurements-r16		NR-Multi-RTT-AdditionalMeasurements-r16,
	...
}

NR-Multi-RTT-AdditionalMeasurements-r16 ::= SEQUENCE (SIZE (1..3)) OF NR-Multi-RTT-AdditionalMeasurementElement-r16

NR-Multi-RTT-AdditionalMeasurementElement-r16 ::= SEQUENCE {
nr-DL-PRS-ResourceId-r16			NR-DL-PRS-ResourceId-r16	OPTIONAL,
	nr-DL-PRS-ResourceSetId-r16			NR-DL-PRS-ResourceSetId-r16 OPTIONAL,
	nr-PRS-RSRP-ResultDiff-r16			INTEGER (FFS)			OPTIONAL, -- FFS, value range to be decided in RAN4.
nr-UE-RxTxTimeDiffAdditional-r16				INTEGER (0..ffs)	OPTIONAL,	-- FFS on the value range, to be decided in RAN4
nr-TimeStamp-r16					NR-TimeStamp-r16,
	...
}

nrMaxTRPs		INTEGER ::= 256		-- Max TRPs

It is noted here that two differential measurements can be included in NR-Multi-RTT-AdditionalMeasurementElement: one is differential Rx-Tx (nr-UE-RxTxTimeDiffAdditional) and the other is differential PRS-RSRP (nr-PRS-RSRP-ResultDiff). To report two differential values in the same IE, one needs to be double-sided. This is further explained via Figure 1 below where an attenuator (e.g., wall, glass window) degrades PRS-RSRP of PRS-ID#1 which has the LOS path to UE but a reflector mostly bounces the signal of PRS-ID#0 which reaches the UE with NLOS path. In this example, PRS-ID#0 will have a larger Rx-Tx timing difference compared to PRS-ID#1 due to larger propagation path but with stronger PRS-RSRP. 


Figure 1 PRS-RSRP vs. Rx-Tx timing difference

It can be argued to keep PRS-RSRP differential report mapping table as single sided but make the RSTD and Rx-Tx timing differential reporting as double sided but in our view, it makes more sense to make PRS-RSRP differential report mapping double sided since it has less signalling overhead. 
Observation 2. For DL-TDOA and multi-RTT, PRS-RSRP is used as auxiliary measurements and the differential PRS-RSRP reporting needs to be double-sided since the smallest RSTD or Rx-Tx timing measurement may not be mapped to the resource with strongest RSRP. 
Thus, for differential PRS-RSRP report mapping, it is proposed to use one table that covers both negative and positive side. The negative values are used for PRS-RSRP measurements in all positioning methods and the positive values can be used for PRS-RSRP measurements in DL-TDOA and multi-RTT. 
The min/max value are proposed to be -/+ 30 dB as in differential RSRP for CSI-RS. For step size, we have no strong view whether 1 dB or 2 dB should be used but, in our view,, the smaller granularity does not hurt as it has no bearing on accuracy requirements. 
Proposal 3. PRS-RSRP differential report mapping table to be as in Table 1 below.
Table 1 PRS-RSRP differential report mapping table
	Report value
	Measurement RSRP value (difference in measurement RSRP from a reference measurement)
	Unit
	Applicable to DL-AoD

	DIFF_RSRP_0
	ΔRSRP ≤ -30
	dB
	Yes

	DIFF_RSRP_1
	-30 < ΔRSRP ≤ -29
	dB
	Yes

	DIFF_RSRP_2
	-29 < ΔRSRP ≤ -28
	dB
	Yes

	…
	…
	…
	…

	DIFF_RSRP_31
	-1 < ΔRSRP ≤ 0
	dB
	Yes

	…
	….
	…
	No

	DIFF_RSRP_61
	29 < ΔRSRP ≤ 30
	dB
	…

	DIFF_RSRP_62
	 ΔRSRP > 30
	dB
	No



With this proposal, the differential PRS-RSRP range in DL-AoD and multi-RTT, for example, is:
NR-DL-AoD-AdditionalMeasurementElement-r16 ::= SEQUENCE {
	...
	nr-PRS-RSRP-ResultDiff-r16			INTEGER (0..31)			OPTIONAL,
	...
}

NR-Multi-RTT-AdditionalMeasurementElement-r16 ::= SEQUENCE {
	...	
	nr-PRS-RSRP-ResultDiff-r16			INTEGER (0..62)			OPTIONAL, 
	...
}
Measurement capability and reporting criteria
In the last meeting, the following was captured:
PRS-RSRP reporting criteria:
· Ecat for PRS-RSRP is FFS. 
· Option 1: In DL-AoD positioning, each PRS-RSRP measurement reporting criterion corresponds to one frequency layer with Ecat = 1 indicating  PRS resources according to signaled capabalities. 
· Option 2: When PRS-RSRP measurements are configured together with RSTD, the RSTD reporting criteria shall also include PRS-RSRP report. When PRS-RSRP measurements are configured together with UE Rx-Tx, the UE Rx-Tx reporting criteria shall also include PRS-RSRP reports. Separate reporting criteria for PRS-RSRP are specified when PRS-RSRP measurements are not configured with RSTD or UE Rx-Tx.
· Option 3. UE should be able to support 1 reporting criteria per supported positioning technique among DL-TDOA, DL-AoD and Multi-RTT.
· Option 4. Other options are not precluded. 


Our views with respect to defining a minimum measurement capability can be found in [2] and is also applicable to PRS-RSRP measurement. RAN4 should not define a minimum value for number of RSRP measurements that UE is capable of reporting. This holds for number of supported positioning frequency layers as well.
We do not agree with either option 2 or option 3 in the above for the following reasons:
· PRS-RSRP in RSTD or UE Rx-Tx timing difference reporting is an optional auxiliary measurement 
· UE capability in terms of parameters X1, X2, …, X7 (as indicated in UE feature list) can be different for PRS-RSRP compared to PRS-RSTD or UE Rx-Tx timing difference

Hence, PRS-RSRP reporting criteria should only be defined for DL-AoD method and mixing it with other measurements should be avoided. 
Proposal 4. In DL-AoD and for each positioning session, Ecat = 1 per positioning frequency layer where the number of PRS-RSRP measurement reports per positioning frequency layer is according to UE’s signaled capabilities.
Measurement requirements
 Measurement accuracy
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 3. 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 5. RAN4 to define only differential measurement accuracy requirements for PRS-RSRP.
Side conditions
From last meeting, 
PRS-RSRP side conditions:
· Side conditions for neighbor cells:
· Option 1. Same as side condition for neighbor cell in PRS-RSTD 
· Option 2. Not needed 
· Side conditions for serving cell:
· Option 1. Needed, e.g., in DL-AoD and multi-RTT or when not configured with RSTD or UE RxTx, and proposed to be -3 dB 
· Option 2. Needed and same as side condition for reference cell PRS-RSTD, i.e., -6 dB 
· Option 3. Not needed
· Side conditions for reference cell:
· Option 1. Needed when configured together with RSTD and proposed to be the same as that in PRS-RSTD  
· Option 2. Needed in all positioning methods and proposed to be the same as that in PRS-RSTD  
· Option 3. Not needed


For neighbor cell side conditions, option 1 above (same side condition as neighbor cell in PRS-RSTD) is sensible. Some companies argued last time that neighbor cell side condition is not needed as in the main use case, DL-AoD, only PRS resources associated with different beams of serving gNB is configured to be measured. We disagree with this notion. In our understanding, even for DL-AoD, at least two TRPs should be measured for a successful positioning fix.
In our view, there is no need to define side conditions for serving cell PRS-RSRP. It is noted that regardless of the positioning 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. This is reflected in TS 38.214:
The UE expects to be configured with higher layer parameter DL-PRS-expectedRSTD, which defines the time difference with respect to the received DL subframe timing the UE is expected to receive DL PRS, and DL-PRS-expectedRSTD-uncertainty, which defines a search window around the expectedRSTD.

However, in PRS-RSRP measurement, there is no requirement for UE to also measure RSRP of reference resource. Hence, only one side condition is needed and applicable to the PRS resources in the assistance data. 
Proposal 6. On PRS-RSRP side conditions:
a. Neighbor cell side condition to be the same as neighbor cell side condition in PRS-RSTD
b. Serving cell side condition is not needed
c. Reference cell side condition is not needed but if strong views exists on its presence, it shall be the same as PRS-RSTD reference cell side condition for all positioning methods.

 Measurement period
The formulation for the RSTD measurement period is presented in [2]. The RSRP measurement period is similar except that the signaled capabilities for RSRP measurement are different from RSTD measurement. 
Conclusions
Proposal 1. Intra-frequency PRS-RSRP measurement is defined when DL PRS resource belongs to a positioning frequency layer whose BW is within the BW of UE’s active DL BWP, and its SCS and CP are the same as those of UE’s active DL BWP. Otherwise, the PRS-RSRP measurement is inter-frequency. 
Proposal 2. Minimum PRS-RSRP value in report mapping table to be -140 dBm.
Observation 1. For DL-AoD, the strongest PRS-RSRP is reported in absolute format and the remaining  PRS-RSRP values are reported in differential format. Hence, for DL-AoD use case, differential PRS-RSRP report mapping can be single-sided covering only the negative range.
Observation 2. For DL-TDOA and multi-RTT, PRS-RSRP is used as auxiliary measurements and the differential PRS-RSRP reporting needs to be double-sided since the smallest RSTD or Rx-Tx timing measurement may not be mapped to the resource with strongest RSRP. 
Proposal 3. PRS-RSRP differential report mapping table to be as in Table 1 below.
Table 1 PRS-RSRP differential report mapping table
	Report value
	Measurement RSRP value (difference in measurement RSRP from a reference measurement)
	Unit
	Applicable to DL-AoD

	DIFF_RSRP_0
	ΔRSRP ≤ -30
	dB
	Yes

	DIFF_RSRP_1
	-30 < ΔRSRP ≤ -29
	dB
	Yes

	DIFF_RSRP_2
	-29 < ΔRSRP ≤ -28
	dB
	Yes

	…
	…
	…
	…

	DIFF_RSRP_31
	-1 < ΔRSRP ≤ 0
	dB
	Yes

	…
	….
	…
	No

	DIFF_RSRP_61
	29 < ΔRSRP ≤ 30
	dB
	…

	DIFF_RSRP_62
	 ΔRSRP > 30
	dB
	No



Proposal 4. In DL-AoD and for each positioning session, Ecat = 1 per positioning frequency layer where the number of PRS-RSRP measurement reports per positioning frequency layer is according to UE’s signaled capabilities.
Observation 3. 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 5. RAN4 to define only differential measurement accuracy requirements for PRS-RSRP.
Proposal 6. On PRS-RSRP side conditions:
a. Neighbor cell side condition to be the same as neighbor cell side condition in PRS-RSTD
b. Serving cell side condition is not needed
c. Reference cell side condition is not needed but if strong views exists on its presence, it shall be the same as PRS-RSTD reference cell side condition for all positioning methods.
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