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1. Introduction
In RAN4-NR#2 meeting, there were extensive discussions on definition of RSRP in NR [2~5]. Some preliminary agreements on the definition were captured in way forward [1].
	· For RSRP and CSI-RP the  definition should include Rx beamforming gain for OTA 
· For conducted requirements, the reference point for definition can be antenna connectors.
· Study further whether the definition should be differentiated across frequency ranges
· Study further whether to include averaging in time domain in the defintion:
· Study further whether RSRP definition should be per SS block, per beam, or per cell
· Study further whether CSI-RSRP definition should be per cell or per beam


In this contribution we provide our views on the definition of RSRP in NR.

2. Discussion
It is worth noting that a measurement model in NR as follows is agreed by RAN2.
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-
A: measurements (beam specific samples) internal to the physical layer.

-
Layer 1 filtering: internal layer 1 filtering of the inputs measured at point A. Exact filtering is implementation dependent. How the measurements are actually executed in the physical layer by an implementation (inputs A and Layer 1 filtering) in not constrained by the standard.

-
A1: measurementss (i.e. beam specific measurements) reported by layer 1 to layer 3 after layer 1 filtering.
-
Beam Consolidation/Selection: beam specific measurements are consolidated to derive cell quality if N > 1, else when N = 1 the best beam measurement is selected to derive cell quality. The behaviour of the Beam consolidation/selection is standardised and the configuration of this module is provided by RRC signalling. Reporting period at B equals one measurement period at A1.

-
B: a measurement (i.e. cell quality) derived from beam-specific measurements reported to layer 3 after beam consolidation/selection.

The definition of RSRP should only cover physical layer measurement. The measurement of A and A1 is physical layer measurement. It is also clear that cell quality (B in the measurement model) will be derived in layer 3 from measurements A1 reported by layer 1, so cell quality is not a physical layer measurement.
In LTE RSRP definition is based on A which is a sample of RSRP measurement. The physical layer filtering which is UE implementation specific is added as a note of the definition. The accuracy requirements for measurement A1 is defined in RAN4. The similar approach can be used for NR RSRP definition. 
One aspect to be decided is that whether RSRP definition should be per SS block, per beam and per cell. As above analysis, RSRP definition should not be per cell. It is the same of per beam and per SS block if each SS block within one SS burst set is a different beam. According to the measurement model, the measurement A is beam measurement so it is better to define RSRP based on per beam. The definition of CSI-RSRP should be the same as SS block based RSRP definition.
Proposal 1: SS block based RSRP definition should be per beam measurement.
Proposal 2: CSI-RS based RSRP definition should be per beam measurement.
Another aspect is to study whether to include averaging in time domain in the definition. Firstly measurement A should be a sample of RSRP measurement. It is measured for only one beam (SS block). How the samples within the measurement period are averaged is UE implementation specific according to the measurement model. However it is also clear that only the same beam can be averaged in timing domain and different beams cannot be averaged in timing domain. So maybe it is necessary to add some restriction on the averaging in time domain. 
Proposal 3: Clarification on averaging in time domain is needed.
RAN4 agreed that for SS block based RSRP and CSI-RS based RSRP the definition should include Rx beamforming gain for OTA and for conducted requirements the reference point for definition can be antenna connectors where no beamforming gain is included. According to NR WID, conducted RRM requirements and OTA RRM requirements are directly related to frequency ranges. 
	· Conducted RRM requirements for below 6GHz 
· Note: Conducted and/or OTA RRM requirements for between 6GHz and 24 GHz will be specified once bands within this range are introduced into WID

· OTA RRM requirements for above 24GHz


Therefore it is straightforward to de differentiated across frequency ranges for the NR RSRP definitions.
Proposal 4: The RSRP definition should be differentiated across frequency ranges.
It is noted that there is email discussion in RAN1 on NR RSRP definition. The latest version can be found in the Annex. Based on the above discussion and by taking into account the email discussions in RAN1, proposals for NR RSRP definition are as follows. 

SS Reference Signal Received Power (SS-RSRP)
	Definition
	SS reference signal received power (SS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals.

If power scaling of demodulation reference signals for physical broadcast channel is known to UE, linear average can be done over the power contributions (in [W]) of the resource elements that carry demodulation reference signals for physical broadcast channel and secondary synchronization signals.
The reference point for the SS-RSRP shall be the antenna connector of the UE for frequency range below 6GHz.
FFS the reference point for the SS-RSRP for frequency range above 24GHz. Note that Rx beamforming gain should be included.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding SS-RSRP of any of the individual diversity branches. 

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_INACTIVE intra-frequency,
RRC_INACTIVE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


NOTE 1: 
The number of resource elements within the measurement period that are used by the UE to determine SS-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
NOTE 2: 
The SS blocks that are used by the UE to determine SS-RSRP is from the same beam.
NOTE 3: 
The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
CSI Reference Signal Received Power (CSI-RSRP)
	Definition
	CSI reference signal received power (CSI-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry CSI reference signals configured for CSI-RSRP measurements within the considered measurement frequency bandwidth. 

The reference point for the SS-RSRP shall be the antenna connector of the UE for frequency range below 6GHz.
FFS the reference point for the SS-RSRP for frequency range above 24GHz. Note that Rx beamforming gain should be included.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding CSI-RSRP of any of the individual diversity branches. 

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_INACTIVE intra-frequency,
RRC_INACTIVE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


NOTE 1: 
The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine CSI-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
NOTE 2: 
The CSI-RS resources that are used by the UE to determine CSI-RSRP is from the same beam.
NOTE 3: 
The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
3. Conclusion
In this contribution, we provide our views on the definition of RSRP in NR. Following proposals are present.
Proposal 1: SS block based RSRP definition should be per beam measurement.
Proposal 2: CSI-RS based RSRP definition should be per beam measurement.
Proposal 3: Clarification on averaging in time domain is needed.
Proposal 4: The RSRP definition should be differentiated across frequency ranges.
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5. Annex
Latest RSRP definition in RAN1 before the meeting is as below.

SS/PBCH Reference Signal Received Power (SS/PBCH-RSRP)

	Definition
	SS/PBCH reference signal received power (SS/PBCH-RSRP) is defined as the average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals.

For SS/PBCH-RSRP determination demodulation reference signals for physical broadcast channel in addition to secondary synchronization signals may be used. SS/PBCH-RSRP using demodulation reference signal shall be measured by averaging over the power contributions of the resource elements that carry demodulation reference signals taking into account power scaling for the reference signals as defined in 3GPP TS 38.213 [5]. 


SS/PBCH-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity.

[The reference point for the SS/PBCH-RSRP shall be the antenna connector of the UE.

[If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRP of any of the individual diversity branches.]

	Applicable for
	[RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,

RRC_INACTIVE intra-frequency,
RRC_INACTIVE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency]


NOTE 1: 
The number of resource elements within the measurement period that are used by the UE to determine SS/PBCH-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
NOTE 2: 
The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
CSI Reference Signal Received Power (CSI-RSRP)

	Definition
	CSI reference signal received power (CSI-RSRP), is defined as the average over the power contributions (in [W]) of the resource elements that carry CSI reference signals configured for RSRP measurements within the considered measurement frequency bandwidth in the configured CSI-RS occasions.

For CSI-RSRP determination CSI reference signals according to 3GPP TS 38.211 [4] shall be used.
[The reference point for the CSI-RSRP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding CSI-RSRP of any of the individual diversity branches.]

	Applicable for
	[RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency]


NOTE 1: 
The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine CSI-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
NOTE 2: 
The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
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