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1. Introduction

In RAN4#92bis, UE requirements for PRS-RSRP measurement were discussed, and following agreements are captured in the adhoc notes [1].

	On side conditions
· Side conditions for PRS-RSRP accuracy requirements should be the same as those for RSTD requirements for neighbor cells.

· Side condition for PRS-RSRP on serving cell is FFS

On measurement period
· RAN4 further investigate the possibility that if PRS RSRP is configured to be measured along with PRS RSTD using the same assistance data then whether the PRS RSRP measurement period and RSTD measurement period are the same or different.
On measurement accuracy
· Need further investigation whether only relative PRS-RSRP accuracy is needed or both relative PRS-RSRP and absolute PRS-RSRP accuracies are needed.

· Need further investigation regarding the use case of PRS-RSRP e.g. multi-RTT, OTDOA, DL AOD. 
On reporting criteria

· Need to investigate what combinations of measurements are possible to configure according to RAN1/RAN2 procedures and if there is any limitation. 

· Need to investigate if it is possible to configure the UE with only PRS-RSRP 

· Need to check RAN2 procedure for reporting in order to decide the reporting criteria when both RSTD and PRS-RSRP are configured in the same assistance data.  


In this paper we will provide our views on UE PRS-RSRP measurement requirements.
2. Discussion
At first, it should be noted that both PRS-RSRP and RSTD are measured from PRS, and maybe even from the set of same positioning frequency layers, if they are requested for the same positioning session. Therefore, many aspects of PRS-RSRP requirements can be re-used from RSTD requirements. We have a companion paper addressing RSTD measurement requirements, and most of the proposals are also applicable for PRS-RSRP measurement. In the following, we will only discuss requirements that are specifically applicable for PRS-RSRP measurements.
2.1. Usage of PRS-RSRP
In [2] different UE positioning measurements are summarised. 

	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID


It can be seen that PRS-RSRP may be used for DL-TDOA, DL-AoD and multi-RTT positioning techniques. 
· For DL-TDOA, PRS-RSRP may be reported together with RSTD
· For DL-AoD, PRS-RSRP may be reported alone

· For multi-RTT, PRS-RSRP may be reported together with Rx-Tx time difference
In addition, it is also possible that a single positioning session is used for multiple positioning techniques.
2.2. Measurement capability 
Measurement capability requirements for PRS-RSRP, in terms of number of positioning frequency layers, number of TRS, resource sets and resources UE shall be able to measure, can re-use those for RSTD measurement. It should be noted that these capabilities are for all measurements requested in a positioning session. For example, if UE is required to measure 2 frequency layers for each of RSTD and PRS-RSRP, it does not mean UE is required to measure in total 4 frequency layers.
On the need for defining a positioning frequency layer as intra- or inter-frequency layer, similar to RSTD, we think this is not necessary. For SSB measurement, there is only one intra-frequency MO per serving cell, as indicated by IE servingcellMO. Although the definition of intra-frequency is still under discussion for CSI-RS, we think the same principle (one intra-frequency layer per serving cell) should still hold. However, this cannot be applied for PRS measurement, as positioning frequency layer will not be associated with any serving cell (a serving cell may not transmit PRS). Of course, it is possible to define intra- and inter-frequency based on relation to serving cell BWP (instead of serving cell PRS), but it means there could be more than one intra-frequency layer for a serving cell, and a frequency layer can change between intra- and inter-frequency dynamically based on BWP switching, which is not desirable. 
Proposal 1: Measurement capability requirements for PRS-RSRP, in terms of number of positioning frequency layers, number of TRS, resource sets and resources UE shall be able to measure, can re-use those for RSTD measurement.
One open issue for PRS-RSRP is the reporting criteria. In RAN4#92bis, it was not clear which combinations of measurements are possible from measurement configuration point of view. Based on our discussion in section 2.1, we think it is possible that UE is requested to report for a positioning session:
· RSTD with or without PRS-RSRP, and/or

· PRS-RSRP only, and/or

· Rx-Tx time difference with or without PRS-RSRP

From PRS-RSRP point of view, the reporting configuration could be different for PRS-RSRP alone, and for PRS-RSRP with RSTD (or Rx-Tx time difference). When reported together with RSTD or Rx-Tx time difference, UE may be requested to report one RSRP per TRP. When reported alone, UE may be requested to report one RSRP per PRS resource per TRP. When requested to report PRS-RSRP with RSTD or Rx-Tx time difference and PRS-RSRP alone, even UE can get the RSRP measurement for all reporting from the same measurement, we understand they are separate reporting criteria. Therefore, UE should be able to support 3 reporting criteria per positioning frequency layer for PRS-RSRP measurement.
Proposal 2: UE should be able to support 3 reporting criteria per positioning frequency layer for PRS-RSRP measurement.
2.3. Measurement period
In RAN#92bis, it was proposed to re-use the measurement period requirements for RSTD for PRS-RSRP, when both are requested in a positioning session. In our view, this is reasonable because when requested together, RSTD and PRS-RSRP are measured from the same set of PRS resources. When taking measurement for timing, UE can at the same time get the RSRP measurement. The same applies when PRS-RSRP is requested together with Rx-Tx time difference in a positioning session
When PRS-RSRP is requested alone, we also think the RSTD measurement period can be re-used, because the same consideration factors like PRS measurement window, number of PRS resources in the measurement window, the availability of PRS due to muting and fading and so forth are also applicable for PRS-RSRP measurement. 
One issue that may be different between RSTD and PRS-RSRP is the measurement accuracy. It was proposed by some companies to define the accuracy requirements based on single shot measurement. This may be fine for RSTD and Rx-Tx measurement which are based on correlation and has been the assumption also in LTE, but it still needs to be checked via link level simulations what RSRP accuracy can be achieved with single shot measurement at the concerned SNR condition. If the accuracy is very poor, a larger measurement period or better side condition in terms of PRS configuration may be needed for PRS-RSRP measurement.
Proposal 3: As a starting point, re-use the measurement period requirements of RSTD for PRS-RSRP measurement. The achievable accuracy should be further checked.  
2.4. Measurement accuracy and side conditions
In RAN4#92bis it was agreed that side condition in PRS-RSRP measurement for neighbor cells are same as those for RSTD. It is FFS for the side condition of serving cell. As a reference, in LTE RSTD requirements, the SNR side condition for neighbor cells is -13dB, and for serving cell -6dB.
In our view, since there is no reference cell in PRS-RSRP measurement when requested to be measured alone, there is no need to define separate side condition for reference cell. For RSTD measurement, UE measures the timing of a neighbor cell and compare it with the serving cell to derive the RSTD, so a reliable reference timing is needed. For PRS-RSRP measurement, each TRP or PRS resource is measured separately so a better side condition for a specific cell is not needed. There is also no need to define a separate side condition for serving cell as PRS may not be transmitted from any of the serving cells. 

Proposal 4: Define a single SNR side condition for all cells for PRS-RSRP measurement.
Another open issue from RAN4#92bis is whether only relative accuracy is needed for PRS-RSRP or both absolute and relative accuracy are needed. 

· When PRS-RSRP is reported together with RSTD or Rx-Tx time difference, it is used to provide additional information related to the TRP(s), so the absolute value should be accurate.
· When PRS-RSRP is reported alone, it is used to provide received power difference between different Tx beams of a single TRP, so relative value should be accurate. 
Therefore, both absolute and relative accuracy are needed for PRS-RSRP.

Proposal 5: Both absolute and relative accuracy requirements are defined for PRS-RSRP.
2.5. Measurement report mapping
For PRS-RSRP report mapping we think the current mapping table for SS-RSRP can be re-used for absolute reporting. The lowest SS-RSRP is -156dBm which was from LTE eMTC and NB-IoT where the SNR side condition is down to -15dB, so the range should be enough for PRS-RSRP. We also see no need to define smaller resolution than the SS-RSRP resolution as 1dB.

In RAN4#92bis, some companies proposed to define differential PRS-RSRP which is similar to the current L1-RSRP. We think this is also reasonable considering the case where PRS-RSRP is used for DL-AoD.

Proposal 6: As a starting point, the report mapping table of SS-RSRP for absolute PRS-RSRP report mapping. Introduce differential report mapping for PRS-RSRP.

3. Conclusions

In this paper we provided our views on UE PRS-RSRP measurement requirements.
Proposal 1: Measurement capability requirements for PRS-RSRP, in terms of number of positioning frequency layers, number of TRS, resource sets and resources UE shall be able to measure, can re-use those for RSTD measurement.
Proposal 2: UE should be able to support 3 reporting criteria per positioning frequency layer for PRS-RSRP measurement.
Proposal 3: As a starting point, re-use the measurement period requirements of RSTD for PRS-RSRP measurement. The achievable accuracy should be further checked.  

Proposal 4: Define a single SNR side condition for all cells for PRS-RSRP measurement.
Proposal 5: Both absolute and relative accuracy requirements are defined for PRS-RSRP.
Proposal 6: As a starting point, the report mapping table of SS-RSRP for absolute PRS-RSRP report mapping. Introduce differential report mapping for PRS-RSRP.
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