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1 Introduction

PRS-RSRP is used with DL-TDOA, DL-AoD, and Multi-RTT positioning methods.

In [4], the following was agreed for PRS-RSRP:

· Side conditions
· Serving cell:
· Option 1. -6 dB 
· Option 2. For DL-AoD and Multi-RTT, the side condition for FR1 and FR2 is -3 dB for serving TRP 
· Option 3. Not needed
· Reference cell:
· Option 1. For OTDOA (i.e., when configured with RSTD), PRS-RSRP side condition for reference (which may or may not be serving) TRP to be the same as for reference cell for RSTD
· Option 2. Not needed
· Option 3. Same as that for the reference cell in PRS-RSTD measurement
· Neighbour cell:
· Same as neighbor cell PRS-RSTD
· Type of accuracy requirements:
· Relative and absolute RSRP requirements
· Option 1. Define only relative accuracy requirements for PRS-RSRP 
· Option 2. Define both absolute and relative accuracy requirements for PRS-RSRP 
· Option 3. Define only absolute accuracy requirements for PRS-RSRP
In [1], the following was agreed for PRS-RSRP:
· PRS configurations for PRS-RSRP measurement requirement:

· Same as agreed for RSTD (see slide 7):

· 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 contribution, we continue the discussion on open issues for PRS-RSRP in NR Rel-16 positioning.
2 Discussion
2.1 Side Conditions
Reference PRS may or may not be serving TRP and it is configured for OTDOA, where RSTD measurements are relative measurements with respect to the reference PRS measurement.
· Proposal 1: For OTDOA, PRS-RSRP side conditions are specified for reference (which may or may not be serving) TRP and neighbor TRPs, in which case the PRS-RSRP side conditions are the same as for RSTD.
There is no reference PRS for DL-AoD and Multi-RTT, therefore the side conditions have to be specified for serving and non-serving TRPs.

· Proposal 2: For DL-AoD and Multi-RTT, PRS-RSRP side conditions are specified for serving TRP and neighbor TRPs.

· Proposal 3: For DL-AoD and Multi-RTT, the side conditions for FR1 and FR2 are:
· for serving TRP: -3 dB,

· for non-serving TRP: see agreement in RAN4#92-bis (“Side conditions for PRS-RSRP accuracy requirements should be the same as those for RSTD requirements for neighbor cells”) and agreement in RAN4#93 (“Neighbor cells for RSTD: PRS Es/Iot = [-13] dB”).
2.2 Intra-/Inter-Frequency PRS-RSRP Measurement Definitions and The Need for Gaps
The following is proposed for PRS-RSRP measurements in NR.
· Proposal 4: RAN4 defines the following requirements for PRS-RSRP measurements:

· Intra-frequency measurement requirements, FR1 and FR2,

· Inter-frequency measurement requirements, FR1 and FR2.

· Proposal 5: Intra- and inter-frequency PRS-RSRP measurements are defined according to the table below.
Table 1: Intra-/inter-frequency PRS-RSRP measurements and the need for gaps
	
	Definition
	Need for measurement gaps

	Intra-frequency
	· The center frequency of PRS BW is the center frequency of a serving cell SSB

· The SCS PRS is the same as that of a serving cell SSB
	not needed
	Measured PRS bandwidth is fully within the active BWP of the UE

	
	
	Needed
	Measured PRS bandwidth is not fully within the active BWP of the UE

	Inter-frequency
	if at least one of the two conditions above is not met
	not needed
	Measured PRS bandwidth is fully within the active BWP of the UE

	
	
	Needed
	Measured PRS bandwidth is not fully within the active BWP of the UE


· Proposal 6: The need for measurement gaps is determined by whether the measured PRS bandwidth is fully within the active BWP of the UE or not.
· Proposal 7: Measurement gaps applicability for PRS-RSRP:
· At least all Rel-15 measurement gap configurations for NR are also applicable for PRS-RSRP measurements (this has been already agreed for NR E-CID measurements)
· FFS: Additionally, new measurement gap patterns may need to be specified
· Measurement gaps applicability is clarified for PRS-RSRP measurements in Section 9.1.2.
New UE measurement gaps for positioning purpose are further discussed in a separate contribution [5].
2.3 Measurement and Reporting Capability for PRS-RSRP
PRS-RSRP measurements can be configured for OTDOA, multi-RTT, and AOD positioning. RAN4 will define reporting criteria for RSTD, and these should also include PRS-RSRP when PRS-RSRP is configured with RSTD. Similarly, RAN4 needs to define reporting criteria for UE Rx-Tx which should also include PRS-RSRP when PRS-RSRP is configured with UE Rx-Tx. However, RAN4 needs to define separate reporting criteria for PRS-RSRP when neither RSTD nor UE Rx-Tx is configured.

· Proposal 8: When PRS-RSRP measurements are configured together with RSTD (for DL-TDOA), the RSTD reporting criteria shall also include PRS-RSRP reports.

· Proposal 9: When PRS-RSRP measurements are configured together with UE Rx-Tx (for multi-RTT), the UE Rx-Tx reporting criteria shall also include PRS-RSRP reports.

· Proposal 10: Separate reporting criteria for PRS-RSRP are specified for the case when PRS-RSRP measurements are configured for DL-AoD.
· Proposal 11: The separate reporting criteria for PRS-RSRP (when reported separately) are defined as: 

· Ecat=1 for intra-frequency PRS-RSRP measurements, 1 report capable of PRS-RSRP measurements on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per intra-frequency layer.
· Ecat=1 for inter-frequency PRS-RSRP measurements, 1 report capable of PRS-RSRP measurements on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per inter-frequency layer.
2.4 PRS-RSRP Measurement Period

PRS-RSRP may or may not be configured together with other positioning measurements such as RSTD (for OTDOA) or UE Rx-Tx (for multi-RTT). When it is configured as a complementary measurement together with another PRS-based measurement (e.g., RSTD or UR Rx-Tx), then it is reasonable to assume that the PRS-RSRP measurement period is the same as that for the other PRS-based measurement. This has been agreed already for PRS-RSRP and RSTD, and it is natural to extend this agreement also to PRS-RSRP configured together with UE Rx-Tx.

· Proposal 12: If PRS-RSRP is configured to be measured along with UE Rx-Tx using the same assistance data:

· Then the measurement periods of PRS-RSRP and UE Rx-Tx are the same, for the same number of PRS resources.

· Proposal 13: If PRS-RSRP is not configured to be measured along with UE Rx-Tx or RSTD using the same assistance data, the PRS-RSRP measurement may be different.

Assume NPRS,req comb pattern realizations are required for PRS-RSRP measurement, where NPRS,req can depend on FR1/FR2, bandwidth, Es/Iot, etc. 

· Proposal 14: When no measurement gaps are used, the PRS-RSRP measurement period can be defined as:

T = ceil(NPRS,req / KPRS) ( TPRS + (T,

where

· KPRS= LPRS/CombSizeN ( ResourceRepetitionFactor is the number of comb pattern realizations within a single TPRS, 

· LPRS is the number of PRS symbols pe slot,

· (T is the extension due to dropped signals,

· NPRS,req comb pattern realizations are required for a PRS-RSRP measurement.

· Proposal 15: When measurement gaps are used, K´PRS (K´PRS≤KPRS) is the number of comb realizations within the effective measurement time of a measurement gap, and the measurement period becomes:

T = ceil(NPRS,req / K´PRS) ( max(TPRS, MGRP) ( CSSF  + (T.

On the measurement period extension (T: According to [2], the configured periodic PRS may be not transmitted in some cases, e.g., if overlap with SSB symbols or PRS slot is configured as UL slot for this UE. To compensate for this, the measurement period may need to be extended, at least when there are relatively many such dropped PRS occasions. When just a single PRS occasion is dropped, the UE may still be able to perform the measurement while making sure that the PRS resource is received at a different occasion which is available, given that during the same measurement period multiple PRS resources and TRPs are measured. 
· Proposal 16: When not configured to be measured along with RSTD or UE Rx-Tx measurements, the PRS-RSRP measurement period is extended by (T to compensate for the number of PRS occasions not available at the UE due to their overlap with SSB symbols, at least when the number of the non-available PRS occasions is large and the SSB symbols location is known to the UE.
· When configured with UE Rx-Tx or RSTD, the PRS-RSRP measurement period is extended in the same was as for UE Rx-Tx or RSTD, respectively
· Proposal 17: When the measurement period is extended, the increase in the measurement period (T depends at least on the periodicity of the PRS resource which has non-available occasions and the number of such non-available PRS occasions, but may further depend on the measurement gap configuration, DRX, etc.
· The extension (T is proportional to TPRS*XPRS, where TPRS is the PRS periodicity, and XPRS is the number of periodic occasions with dropped PRS.
· Proposal 18: If the number of PRS occasions not available at the UE exceeds an acceptable limit, the measurement can be dropped, i.e., no further extension of the measurement period is allowed.
2.5 PRS-RSRP Measurements under Cell Change
In [1], RAN4 agreed on UE behavior rules for RSTD and UE Rx-Tx under cell change. However, no such rules were agreed for PRS RSRP. Furthermore, for some positioning methods, PRS-RSRP measurements can be configured complementary to other measurements, e.g., RSTD or UE Rx-Tx. However, the UE behavior under cell change differ for RSTD and UE Rx-Tx measurements. 
The proposed rules for PRS-RSRP measurements under cell change are as follows.
· Proposal 19: When not configured together with UE Rx-Tx or RSTD, the UE behavior rules for PRS-RSPR measurement under cell change are the same as for RSTD (the rules for RSTD were agreed in [1]):

· The UE shall continue RSTD measurement after each serving cell change for:

· intra-frequency handover,
· inter-frequency handover.
· Proposal 20: When not configured together with UE Rx-Tx, the UE behavior rules for PRS-RSPR measurement under cell change are the same as for RSTD (the rules for RSTD were agreed in [1]).

· Proposal 21: When configured together with UE Rx-Tx, the UE behavior rules for PRS-RSRP are the same as for UE Rx-Tx (the rules for UE Rx-Tx were agreed in [1]).
2.6 PRS-RSRP Accuracy Requirements

In RAN4#94-e-Bis, it has been discussed whether to define relative accuracy requirements for PRS-RSRP.
According to [6], RAN2 has introduced differential reporting to reduce the signaling overhead for RSTD, PRS-RSRP, and Rx-Tx measurements between different pair of PRS resources for the same pair of TRPs. The UE reports one absolute measurement and then other measurements for the same TRP as differences relative to the former. The UE will even choose the maximum absolute PRS-RSRP among all to be reported, to further apply the asymmetric measurement report mapping.
· Observation 1: There must be absolute accuracy requirements defined for PRS-RSRP.
· Observation 2: The UE performs absolute measurements and applies differential to them reporting, so no need in relative measurement accuracy requirements, since relative measurements are not performed by the UE.

· Proposal 22: Define absolute accuracy requirements for PRS-RSRP.
· Proposal 23: Do not define relative accuracy requirements for PRS-RSRP.
3 Summary

The following have been proposed in this contribution for PRS-RSRP measurements:
· Proposal 1: For OTDOA, PRS-RSRP side conditions are specified for reference (which may or may not be serving) TRP and neighbor TRPs, in which case the PRS-RSRP side conditions are the same as for RSTD.
· Proposal 2: For DL-AoD and Multi-RTT, PRS-RSRP side conditions are specified for serving TRP and neighbor TRPs.

· Proposal 3: For DL-AoD and Multi-RTT, the side conditions for FR1 and FR2 are:

· for serving TRP: -3 dB,

· for non-serving TRP: see agreement in RAN4#92-bis (“Side conditions for PRS-RSRP accuracy requirements should be the same as those for RSTD requirements for neighbor cells”) and agreement in RAN4#93 (“Neighbor cells for RSTD: PRS Es/Iot = [-13] dB”).
· Proposal 4: RAN4 defines the following requirements for PRS-RSRP measurements:

· Intra-frequency measurement requirements, FR1 and FR2,

· Inter-frequency measurement requirements, FR1 and FR2.

· Proposal 5: Intra- and inter-frequency PRS-RSRP measurements are defined according to the table below.
Table 1: Intra-/inter-frequency PRS-RSRP measurements and the need for gaps
	
	Definition
	Need for measurement gaps

	Intra-frequency
	· The center frequency of PRS BW is the center frequency of a serving cell SSB

· The SCS PRS is the same as that of a serving cell SSB
	not needed
	Measured PRS bandwidth is fully within the active BWP of the UE

	
	
	Needed
	Measured PRS bandwidth is not fully within the active BWP of the UE

	Inter-frequency
	if at least one of the two conditions above is not met
	not needed
	Measured PRS bandwidth is fully within the active BWP of the UE

	
	
	Needed
	Measured PRS bandwidth is not fully within the active BWP of the UE


· Proposal 6: The need for measurement gaps is determined by whether the measured PRS bandwidth is fully within the active BWP of the UE or not.
· Proposal 7: Measurement gaps applicability for PRS-RSRP:
· At least all Rel-15 measurement gap configurations for NR are also applicable for PRS-RSRP measurements (this has been already agreed for NR E-CID measurements)
· FFS: Additionally, new measurement gap patterns may need to be specified
· Measurement gaps applicability is clarified for PRS-RSRP measurements in Section 9.1.2.
· Proposal 8: When PRS-RSRP measurements are configured together with RSTD (for DL-TDOA), the RSTD reporting criteria shall also include PRS-RSRP reports.

· Proposal 9: When PRS-RSRP measurements are configured together with UE Rx-Tx (for multi-RTT), the UE Rx-Tx reporting criteria shall also include PRS-RSRP reports.

· Proposal 10: Separate reporting criteria for PRS-RSRP are specified for the case when PRS-RSRP measurements are configured for DL-AoD.

· Proposal 11: The separate reporting criteria for PRS-RSRP (when reported separately) are defined as: 

· Ecat=1 for intra-frequency PRS-RSRP measurements, 1 report capable of PRS-RSRP measurements on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per intra-frequency layer.
· Ecat=1 for inter-frequency PRS-RSRP measurements, 1 report capable of PRS-RSRP measurements on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per inter-frequency layer.
· Proposal 12: If PRS-RSRP is configured to be measured along with UE Rx-Tx using the same assistance data:

· Then the measurement periods of PRS-RSRP and UE Rx-Tx are the same, for the same number of PRS resources.

· Proposal 13: If PRS-RSRP is not configured to be measured along with UE Rx-Tx or RSTD using the same assistance data, the PRS-RSRP measurement may be different.

· Proposal 14: When no measurement gaps are used, the PRS-RSRP measurement period can be defined as:

T = ceil(NPRS,req / KPRS) ( TPRS + (T,

where

· KPRS= LPRS/CombSizeN ( ResourceRepetitionFactor is the number of comb pattern realizations within a single TPRS, 

· LPRS is the number of PRS symbols pe slot,

· (T is the extension due to dropped signals,

· NPRS,req comb pattern realizations are required for a PRS-RSRP measurement.

· Proposal 15: When measurement gaps are used, K´PRS (K´PRS≤KPRS) is the number of comb realizations within the effective measurement time of a measurement gap, and the measurement period becomes:

T = ceil(NPRS,req / K´PRS) ( max(TPRS, MGRP) ( CSSF  + (T.

· Proposal 16: When not configured to be measured along with RSTD or UE Rx-Tx measurements, the PRS-RSRP measurement period is extended by (T to compensate for the number of PRS occasions not available at the UE due to their overlap with SSB symbols, at least when the number of the non-available PRS occasions is large and the SSB symbols location is known to the UE.
· When configured with UE Rx-Tx or RSTD, the PRS-RSRP measurement period is extended in the same was as for UE Rx-Tx or RSTD, respectively
· Proposal 17: When the measurement period is extended, the increase in the measurement period (T depends at least on the periodicity of the PRS resource which has non-available occasions and the number of such non-available PRS occasions, but may further depend on the measurement gap configuration, DRX, etc.
· The extension (T is proportional to TPRS*XPRS, where TPRS is the PRS periodicity, and XPRS is the number of periodic occasions with dropped PRS.
· Proposal 18: If the number of PRS occasions not available at the UE exceeds an acceptable limit, the measurement can be dropped, i.e., no further extension of the measurement period is allowed.
· Proposal 19: When not configured together with UE Rx-Tx or RSTD, the UE behavior rules for PRS-RSPR measurement under cell change are the same as for RSTD (the rules for RSTD were agreed in [1]):

· The UE shall continue RSTD measurement after each serving cell change for:

· intra-frequency handover,
· inter-frequency handover.
· Proposal 20: When not configured together with UE Rx-Tx, the UE behavior rules for PRS-RSPR measurement under cell change are the same as for RSTD (the rules for RSTD were agreed in [1]).

· Proposal 21: When configured together with UE Rx-Tx, the UE behavior for PRS-RSRP rules are the same as for UE Rx-Tx (the rules for UE Rx-Tx were agreed in [1]).
· Observation 1: There must be absolute accuracy requirements defined for PRS-RSRP.

· Observation 2: The UE performs absolute measurements and applies differential to them reporting, so no need in relative measurement accuracy requirements, since relative measurements are not performed by the UE.

· Proposal 22: Define absolute accuracy requirements for PRS-RSRP.

· Proposal 23: Do not define relative accuracy requirements for PRS-RSRP.
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