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1 Introduction
In RAN4#84 meeting, LS on SSRP measurements for mobility in NR[1] was agreed. However the definition of reference points needs further clarification based on the following agreement:
· RAN4 has discussed suitable measurement definitions for RSRP and CSI RSRP in NR, including the impact of receive beamforming and the reference point to define the measurement when no physical antenna connector is present, e.g. above 6GHz. RAN4 agreed that the RSRP and CSI-RSRP definition should include Rx beamforming gain for OTA.

· RAN4 opinion is that when multiple antenna elements are combined for analogue, digital or hybrid RX beamforming purposes (as for example in an antenna panel), the measurement definition should assume that RSRP and CSI-RSRP measurements are performed on the combined signal. Where multiple receiver branches are used in the measurement (for example where signals are received from multiple antenna panels) the same approach as LTE should be used (the reported value shall not be lower than the corresponding RSRP of any of the individual branches).
Agreement: we can further discuss this reference point and the number of points of SSBs
This paper provides further discussion on measurement definitions and reference point.
2 Discussion
· RRM requirement Reference point

If UE has a antenna connector, the reference point is the antenna connector of the UE as shown in figure 1. 
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Figure1: conductive RRM requirement based on the physical antenna connector
When UE has no physical antenna connector available, a virtual antenna connector shall be defined in order to leave enough UE antenna implementation flexibility. The ideal RSRP value is defined as the received signal strength after a standardized beamforming gain antenna model. No matter which beamforming gain UE actually used, the RSRP measurement value reported by UE shall be compared to the ideal RSRP value measured by a standardized beamforming gain antenna. How to compensate the actual UE received signal strength to the ideal RSRP left to UE implementation.
In the real test, the ideal RSRP is acquired by a signal strength meter connected to a standardized beamforming antenna. Then the UE is placed at the same place and is expected to report the same RSRP value. Thus we can regard the reference point of RSRP as a virtual antenna connector.
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Figure2: OTA RRM requirement based on the virtual antenna connector
In RAN1 #90 meeting, the following agreements for L3 mobility were achieved:
RAN1 strives to have common definition on RSRQ and RS-SINR for below-6 and above-6 GHz
Thus it is proposed to define the reference point as the antenna connector, and add a note to clarify it could a physical antenna connector or a virtual one.
Proposal1: The reference point for the RSRP shall be the antenna connector of the UE. It could a physical antenna connector or a virtual one.
When UE has no physical antenna connector available, a virtual antenna connector shall be defined in order to leave enough UE antenna implementation flexibility. The ideal RSRP value is defined as the received signal strength after a standardized beamforming gain antenna model. No matter which beamforming gain UE actually used, the RSRP measurement value reported by UE shall be compared to the ideal RSRP value measured by a standardized beamforming gain antenna. How to compensate the actual UE received signal strength to the ideal RSRP left to UE implementation.

· Definition of SS block Reference Signal Received Power (RSRP)
RAN1 agreed a fixed power offset between SSS and PBCH-DMRS. Combing detection over PBCH DMRS and SSS may be possible pending on RAN1 agreement. PBCH-DMRS is mainly used for PBCH demodulation. SSS is used as the reference signal for SS block RSRP as baseline.

SS block RSRP is applicable for RRC IDLE intra-frequency, RRC IDLE inter-frequency, RRC CONNECTED intra-frequency and RRC CONNECTED inter-frequency. Depending on RAN1 and RAN2 decision, SS block RSRP may also be applicable for RRC_INACTIVE intra-frequency and RRC_INACTIVE inter-frequency.

SS block RSRP may be used for different purposed by RAN1. Some of the topics in RAN1 involving SS block RSRP are still under discussion, e.g. beam management. How to average the SS block is still not decided yet. It is recommended to define SS block RSRP in high level without discussing how to average SS block in detail.
Proposal2: It is recommended to define SS block RSRP in high level without discussing how to average SS block in detail.
Recommended definition on SS block 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 (SS).

For SS-RSRP determination demodulation reference signals for physical broadcast channel (PBCH) and, if indicated by higher layers, CSI reference signals in addition to secondary synchronization signals may be used. SS-RSRP using demodulation reference signal for PBCH or CSI reference signal shall be measured by linear averaging over the power contributions of the resource elements that carry corresponding reference signals taking into account power scaling for the reference signals as defined in 3GPP TS 38.213.

SS-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-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 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 power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
· Definition of CSI-RSRP
CSI-RSRP represents the RSRP of a beam. A beam may be time and frequency resources configured by higher layer. It is reasonable to assume that CSI-RSRP is per resource measured. 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 within the configured resources. For CSI-RSRP determination CSI reference signals shall be used. 
Recommended definition on CSI-RS RSRP in NR:

	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 RSRP measurements within the considered measurement frequency bandwidth in the configured CSI-RS occasions.

For CSI-RSRP determination CSI reference signals transmitted on antenna ports [300X, 300Y, 300Z] according to 3GPP TS 38.211 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.
3 Conclusion

This contribution provides discussions on measurement definitions and reference point
Proposal1: The reference point for the RSRP shall be the antenna connector of the UE. It could a physical antenna connector or a virtual one.

When UE has no physical antenna connector available, a virtual antenna connector shall be defined in order to leave enough UE antenna implementation flexibility. The ideal RSRP value is defined as the received signal strength after a standardized beamforming gain antenna model. No matter which beamforming gain UE actually used, the RSRP measurement value reported by UE shall be compared to the ideal RSRP value measured by a standardized beamforming gain antenna. How to compensate the actual UE received signal strength to the ideal RSRP left to UE implementation.

Proposal2: It is recommended to define SS block RSRP in high level without discussing how to average SS block in detail.
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