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1 Introduction
In RAN4 NR AH#2, we presented a possible measurement definition for NR SSRP and CSIRP in [1]. 
2 Discussion

Some of the issues raised were
· Should there be a different definition for conducted and OTA SSRP/CSI-RP?

· What is the meaning of “union of antenna ports” in the definition?

· For CSI-RS, how are multiple TX antenna ports handled?

· Whether the measurement definition applies for SS block (beam) or cell based measurements
· How to reflect the possible use of PBCM DMRS in the SSRP measurement

· Time averaging and whether it needs to be included in the definition

· Whether there should be separate definitions for SSRP and CSIRP or they can be covered by one combined definition

The following agreements were reached with FFS reflecting some of the open issues discussed

Agreement: for RSRP and CSI-RSRP definitions for NR
· The RSRP and CSI-RSRP definition should include Rx beamforming gain for OTA 
· For conducted, the reference point for definition can be antenna connectors.
· FFS whether the definition should be differentiated across frequency ranges
· FFS whether to include averaging in time domain in the definition:
· FFS whether RSRP definition should be per SS block, per beam, or per cell
· FFS whether CSI-RSRP definition should be per cell or per beam
In addition, RAN2 has agreed the measurement model shown in figure 1
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Figure 1: Measurement model for NR (RAN2) 

We now discuss the open issues and present a proposed definition
1. Should there be a different definition for conducted and OTA SSRP/CSI-RP?

Traditionally, RAN1 specifies requirements in a band agnostic manner. Technically, the difference between conducted and OTA SSRP/CSI-RP definition is the reference point which is either an antenna connector (e.g. sub-6) or needs to be OTA compatible (e.g. >6). In addition, it is likely that SSRP based on conducted and OTA may need to be compared with each other in practice e.g. to trigger events based on comparison of a sub 6 frequency layer with a >6GHz frequency layer. We do not have a strong view on whether there should be the same or different definition as long as it is possible to compare SSRP/ CSI-RP according to each definition. Since we expect that the differences between the definitions would be small, it seems more straightforward to specify SSRP and CSI RP in definitions that cover both OTA and conducted in 38.214. In the definition in [1] there is a note which we propose to improve slightly
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 measurements by applying known power levels at the antenna connector.

Proposal 1: The same definition is used for conducted and OTA SSRP/CSI-RP 
2. What is the meaning of “union of antenna ports” in the definition?

Since it is agreed that the RSRP and CSI-RSRP definition should include Rx beamforming gain for OTA, the wording “The reference for SSRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE” refers to all the antenna elements which are combined by the UE for beamforming purposes. In addition, if there are diversity/MIMO branches (multiple antenna arrays) then the LTE-like definition applies “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”
There was some discussion about introducing a new concept such as baseband port. We are open to proposals in this area, however it then needs to be clarified that although the measurement is made at baseband (the only place where it is possible to access reference symbols) the electrical gain of all elements between antenna and baseband needs to be estimated by the UE and compensated, i.e. the SSRP/CSIRP should only include beamforming gain (of the antenna) and not electrical gain of the following amplifiers. In addition, the beamforming combining may be performed at any place depending on UE architecture such as analogue, hybrid or digital beamforming,
The definition may be improved as follows

Proposal 2: The reference for SSRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE for beamforming purposes

3. For CSI-RS, how are multiple TX antenna ports handled?

In the definition proposal in [1], the CSIRP is defined as the linear average across TX antenna ports. For CSIRP, we expect that the UE should be aware of the TX port configuration of the CSI-RS signal, so there is no need for the UE to detect the presence of R1, R2 etc. One remaining issue is whether this results in excessive UE complexity e.g. if the UE must average over many antenna ports. We propose that this could be checked once the CSI measurement configuration is clearer, since the full complexity depends on bandwidth of CSI measurement, time domain averaging etc. For instance, if the signal is sparse in frequency domain then it may make sense to average over a larger number of TX antenna ports than if it is dense/wideband in frequency

Proposal 3: Maximum number of TX ports in CSIRP may be addressed (e.g. in RAN4 requirements) once the CSI-RS measurement configuration becomes clearer.
4. Whether the measurement definition applies for SS block (beam) or cell based measurements

Referring to figure 1, the basic measurements which are applied to beam consolidation/selection are SS block measurements. In addition, SS block measurements may be included directly in measurement reports (selected according to configurable X). The basic operation of beam consolidation is to average the N best beams (N is configurable by RRC signalling) which are above an absolute threshold. If N=1, the UE needs to use one SS block to report a measurement and so the absolute threshold cannot be used. Since the fundamental measurement is performed on an SS block, the measurement definition in 38.214 should refer to SS block and CSI-RS measurements. Beam selection/consolidation functions are discussed in RAN2 and our expectation is that they would also be specified by RAN2. Hence it seems unambiguous if RAN1 specifications cover the input to beam consolidation / selection and RAN4 specifications cover the requirements for L1 filtering (such as measurement period)

Proposal 4: Measurement definition applies for single SS block and single CSI-RS sequence 
5. How to reflect the possible use of PBCM DMRS in the SSRP measurement

This is currently covered by an editor’s note in [1]. The issue was UE knowledge of PBCH DMRS power difference, compared to the SSS. RAN1 made further progress on this during their meeting and agreed

Agreement: A fixed power offset defined in the specification shall be adopted between SSS and PBCH DMRS per frequency band
Values under discussion in RAN1 for the offset include 0dB, 3dB and 3.5dB. At any rate since the offset will be hard coded in the specification, there is now no issue with UE knowledge of the offset and from a measurement definition point of view PBCH DMRS may be used along with SSS to make SS block measurements. RAN4 should study the accuracy of using PBCH DMRS along with SSS in the work on measurement accuracy but this does not relate to measurement definition i.e. nominal SSRP. 
Proposal 5: Use of PBCH DMRS in addition to SSS may be included in measurement definition. 
6. Time averaging and whether it needs to be included in the definition
L1 filtering has traditionally been a RAN4 issue, and time averaging does not affect the nominal measurement which is the measurement definition. We propose that L1 filtering is handled in the same way as LTE, i.e. RAN4 specifies a measurement period, and the details of L1 filtering are left to UE implementation (meaning that averaging, recursive filter etc. could be used).

Proposal 6: Time averaging does not need to be included for RAN1 definition purposes
7. Whether there should be separate definitions for SSRP and CSIRP or they can be covered by one combined definition

In LTE, separate definitions are used. Since there may be different aspects such as handling of TX antenna ports, it seems preferable to keep the definitions separate in NR although there may also be no strong technical concern with combining the definitions.
Proposal 7: Separate definitions are maintained for SSRP and CSIRP

Proposal 8: The following measurement definition is adopted for NR

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 in a single SS block, 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. 

SSRP may in addition 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 for beamforming purposes.

 

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 measurements 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. Editors note : The maximum number of CSI reference signal transmit antenna ports to be averaged may need further consideration
The reference for CSIRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE for beamforming purposes.

 

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 measurements 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

Proposal 1: The same definition is used for conducted and OTA SSRP/CSI-RP 

Proposal 2: The reference for SSRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE for beamforming purposes

Proposal 3: Maximum number of TX ports in CSIRP may be addressed (e.g. in RAN4 requirements) once the CSI-RS measurement configuration becomes clearer.

Proposal 4: Measurement definition applies for single SS block and single CSI-RS sequence 
Proposal 5: PBCH DMRS may need further study in RAN4 to verify that it improves measurement accuracy. 

Proposal 6: Time averaging does not need to be included for RAN1 definition purposes
Proposal 7: Separate definitions are maintained for SSRP and CSIRP

Proposal 8: The following measurement definition is adopted for NR

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. 

SSRP may in addition 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 for beamforming purposes.

 

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 measurements 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. Editors note : The maximum number of CSI reference signal transmit antenna ports to be averaged may need further consideration
The reference for CSIRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE for beamforming purposes.

 

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 measurements 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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