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1 Introduction
In the way forward for NR from RAN4#83 [1], the following agreement was reached on measurement definition
Measurement definition and reference point

· Companies are invited to contribute initial text proposals for RSRP and Quality Metrics in NR RRM Adhoc #2 

Since quality metrics for NR are discussed separately [2],  in ths contribution we focus on definitions for RSRP and CSI-RSRP
2 Discussion

Measurement definition will be specified in 38.214, however our expectation is that similarly to the approach in LTE, RAN4 will provide the measurement definitions by LS to RAN1.

The obvious starting point for RSRP definition in 38.214 is to reuse LTE measurement definition. For reference, the RSRP and CSI_RSRP definitions are included in annex A.  There are several additional aspects that should be considered
1) Compatibility of the definition with RX beamforming: If beamforming is used, the RSRP on an individual antenna element does not represent the power of the reference signal seen by by the baseband, and indeed if the UE performs analogue or hybrid beamforming there would be no way to measure the RSRP on an individual antenna element since combining is performed in the analogue domain prior to the ADC. Note that an NR antenna array may still consist of a single antenna element (eg in the case of a conventional omni-directional sub6 antenna).

2) Compatibility of the definition with OTA requirements: The LTE definition refers to a reference point at the UE antenna connector, however in OTA NR implementations (eg for mm-wave) the antenna connector does not physically exist. The definition should still support UEs with antenna connectors.
3) Support for multiple antenna arrays – similarly to LTE where the measurement definition has included support for multiple antenna, the NR definition should allow for multiple antenna arrays, each of which would consist of 1 or more elements.

4) Support for different numerologies – When a larger subcarrier spacing is used, each RE containing a reference symbol (such as SSS) has greater absolute bandwidth (eg in Hz) in the frequency domain and shorter absolute time (eg in ms) in the time domain. 
5) Naming : We propose that the measurements are referred to as

SSRP (SS based)

CSIRP (CSI based)

Since both measurements will be defined in LTE they cannot have the same name, and RSRP is already used to refer to “LTE-RSRP”.

To address aspects 1) and 2), we propose that

Proposal 1 : The reference for the SSRP and CSIRP  shall be the union of all the antenna elements of the UE from which signals are combined by the UE
To address aspect 3) we propose

Proposal 2 : If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding SSRP or CSIRP of any of the individual sets
Based on these proposals the following definitions are proposed:
x.x.x Synchronisation Signal Received Power (SSRP)

	Definition
	Synchronisation signal received power (SSRP) of a secondary synchronisation signal transmitted on a set of ports, is defined as the linear average over the power contributions (in [W]) of the resource elements that carry that reference signals transmitted on that set of ports within the considered measurement frequency bandwidth. 

Editor’s Note : Depending on RAN1 decision, SSRP may in addition optionally use PBCH DMRS symbols in the estimated value.

The reference for SSRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE.

 

If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding SSRP of any of the individual sets.



	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,

RRC_INACTIVE intra-frequency (TBD),
RRC_INACTIVE inter-frequency (TBD),
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 RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

NOTE 2: The union of the antenna elements that is used as the reference for the SSRP may be interpreted as the antenna connector for a UE that supports testing by applying known power levels at the antenna connector.

NOTE 3: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
x.x.x CSI Received Power (CSIRP)

	Definition
	CSI received power (CSIRP) of a CSI reference signal transmitted on a set of ports, is defined as the linear average over the power contributions (in [W]) of the resource elements that carry that reference signals transmitted on that set of ports within the considered measurement frequency bandwidth. 

The reference for CSIRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE.

 

If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding SSRP of any of the individual sets.



	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,

RRC_INACTIVE intra-frequency (TBD),
RRC_INACTIVE inter-frequency (TBD),
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 RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

NOTE 2: The union of the antenna elements that is used as the reference for the CSIRP may be interpreted as the antenna connector for a UE that supports testing by applying known power levels at the antenna connector.

NOTE 3: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
3 Conclusions

In this contribution we discuss further the measurement definition of RSRP. We propose
Proposal 1 : The reference for the SSRP and CSIRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE
Proposal 2 : If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding SSRP and CSIRP of any of the individual sets
This leads to the following definition
x.x.x Synchronisation Signal Received Power (SSRP)

	Definition
	Synchronisation signal received power (SSRP) of a reference signal transmitted on a set of ports, is defined as the linear average over the power contributions (in [W]) of the resource elements that carry that reference signals transmitted on that set of ports within the considered measurement frequency bandwidth. 

Editor’s Note : Depending on RAN1 decision, SSRP may in addition optionally use PBCH DMRS symbols in the estimated value.

The reference for SSRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE.

 

If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding SSRP of any of the individual sets.



	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,

RRC_INACTIVE intra-frequency (TBD),
RRC_INACTIVE inter-frequency (TBD),
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 RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

NOTE 2: The union of the antenna elements that is used as the reference for the SSRP may be interpreted as the antenna connector for a UE that supports testing by applying known power levels at the antenna connector.

NOTE 3: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
x.x.x CSI Received Power (CSIRP)

	Definition
	CSI received power (CSIRP) of a CSI reference signal transmitted on a set of ports, is defined as the linear average over the power contributions (in [W]) of the resource elements that carry that reference signals transmitted on that set of ports within the considered measurement frequency bandwidth. 

The reference for CSIRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE.

 

If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding SSRP of any of the individual sets.



	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,

RRC_INACTIVE intra-frequency (TBD),
RRC_INACTIVE inter-frequency (TBD),
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 RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

NOTE 2: The union of the antenna elements that is used as the reference for the CSIRP may be interpreted as the antenna connector for a UE that supports testing by applying known power levels at the antenna connector.

NOTE 3: 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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Annex A. 
5.1.1
Reference Signal Received Power (RSRP)

	Definition
	Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.

For RSRP determination the cell-specific reference signals R0 according to TS 36.211 [3] shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RSRP.

If higher layers indicate measurements based on discovery signals, the UE shall measure RSRP in the subframes in the configured discovery signal occasions. If the UE can reliably detect that cell-specific reference signals are present in other subframes, the UE may use those subframes in addition to determine RSRP.


	The reference point for the 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_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 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.

5.1.20
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 discovery signal measurements within the considered measurement frequency bandwidth in the subframes in the configured discovery signal occasions. For CSI-RSRP determination CSI reference signals R15 according to TS 36.211 [3] 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.
