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1 Introduction
The measurement report mappings for the signal quality measurements namely, SS-RSRQ, SS-SINR, CSI-RSRQ and CSI-SINR [1], are part of the RRM performance requirements. Therefore RAN4 needs to define their report mappings in TS 38.133 during the performance part of the NR WI. However RAN4 needs to inform RAN2 for specifying the corresponding signalling for the report mappings for SS-RSRQ, SS-SINR, CSI-RSRQ and CSI-SINR. 
In this paper we analyse measurement report mappings for SS-RSRQ, SS-SINR, CSI-RSRQ and CSI-SINR and provide draft LS to RAN2 [2].  
2 Analysis of SS-RSRQ Measurement Report Mapping 

The SS-RSRQ as defined in TS 38.215 [1] is reproduced in Annex A. The SS-RSRQ definition is analogous to the RSRQ in LTE in that the SS-RSRP part is expressed in terms of linear power of the resource element containing SS signals and also the SS-RSRP and the RSSI are measured over the same bandwidth. One main difference is that the SS-RSRQ shall be performed over wide range of the subcarrier spacing (SCS) used in the measured cell e.g. 15 KHz, 30 KHz, 120 KHz or 240 KHz. However SCS shall not impact the measured value since the total power in a resource element is the same regardless of the SCS of the resource element. 
As described in [3] that in the BR the UE can apply receiver beamforming which can lead to increase in the measured value. It is therefore suggested to increase the upper part of the reporting range of the RSRP measurement by 10 dB. This means proportionally the upper part of the SS-RSRQ range should also be increased by the same amount. In LTE the extended RSRQ range is defined at between -34 dB to +2.5 dB with 0.5 dB of resolution. In NR for SS-RSRQ we therefore propose that the SS-RSRQ reporting range is defined at least from +12.5 dB down to -34 dB with 0.5 dB of resolution. This needs 95 reportable values and requires 7 bits. This means there are still 32 unused reportable values. Therefore SS-RSRQ reporting range can even further be extended without increasing any signalling overheads. We therefore suggest that the upper limit of the SS-RSRQ range is increased up to 29 dB. 
· Proposal 1: SS-RSRQ reporting range is defined from -34 dB up to +29 dB with 0.5 dB of resolution. This requires 128 reportable values.
3 Analysis of SS-SINR Measurement Report Mapping 

The SS-SINR as defined in TS 38.215 [1] is also reproduced in Annex A. The SS-SINR definition is also analogous to the RS-SINR in LTE in that the measured SS signal part is expressed in terms of linear power of the resource element containing SS signals and denominator is expressed in terms of the linear average of the noise and interference power contribution over SS resource elements within the same frequency bandwidth. The measured value will also not be affected by the SCS of the measured resource elements. 

In LTE the RS-SINR reporting range is defined between -23 dB to 40 dB with 0.5 dB resolution. This requires 128 reportable values. This means 7 bits are required without any unused value. The maximum reportable value of 40 dB is still quite high. We therefore suggest that in NR the SS-SINR reporting range is the same as defined for the existing LTE RS-SINR. 

· Proposal 2: SS-SINR reporting range is defined from -23 dB up to +40 dB with 0.5 dB of resolution. This requires 128 reportable values.
4 Analysis of CSI-RSRQ Measurement Report Mapping 

The CSI-RSRQ as defined in TS 38.215 [1] is also reproduced in Annex A. In LTE there is no corresponding CSI based RSRQ measurement. However the CSI-RSRQ in principle is analogous to SS-RSRQ except that the numerator in the former is measured on CSI-RS rather on SS. Therefore the reporting range of CSI-RSRQ should be similar to that of the SS-RSRQ. 
· Proposal 3: CSI-RSRQ reporting range is defined from -34 dB up to +29 dB with 0.5 dB of resolution. This requires 128 reportable values.
5 Analysis of CSI-SINR Measurement Report Mapping 

The CSI-SINR as defined in TS 38.215 [1] is also reproduced in Annex A. In LTE there is no corresponding CSI based SINR measurement. However the CSI-SINR in principle is analogous to the SS-SINR except that the numerator in the former is measured on CSI-RS rather on SS. Therefore the the reporting range of CSI-SINR should be similar to that of the SS-SINR. 
· Proposal 4: CSI-SINR reporting range is defined from -23 dB up to +40 dB with 0.5 dB of resolution. This requires 128 reportable values.
6 Summary
In this paper we have analysed the measurement reporting ranges for the signal quality measurements in NR. The proposed reporting ranges for different NR signal quality measurements are:
· Proposal 1: SS-RSRQ reporting range is defined from -34 dB up to +29 dB with 0.5 dB of resolution. This requires 128 reportable values.
· Proposal 2: SS-SINR reporting range is defined from -23 dB up to +40 dB with 0.5 dB of resolution. This requires 128 reportable values.
· Proposal 3: CSI-RSRQ reporting range is defined from -34 dB up to +29 dB with 0.5 dB of resolution. This requires 128 reportable values.
· Proposal 4: CSI-SINR reporting range is defined from -23 dB up to +40 dB with 0.5 dB of resolution. This requires 128 reportable values.
A draft LS to RAN2 to define the necessary signalling is provided in [2].
7 References

[1] TS 38.215 v1.1.1 (R1-17119228), “NR; Physical layer measurements”.
[2] R4-1713656, LS on Report Mapping for NR Signal Quality Measurements, Draft LS to RAN2.
[3] R4-1712494, RSRP Reporting Range, Ericsson.
Annex A: Signal Quality Measurement Definitions in TS 38.215 [1]

5.1.3
SS reference signal received quality (SS-RSRQ)

	Definition
	Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio of N×SS-RSRP / NR carrier RSSI, where N is the number of resource blocks in the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

NR carrier Received Signal Strength Indicator (NR carrier RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The measurement time resource(s) for NR Carrier RSSI are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration(s).

If higher-layers indicate certain slots for performing RSRQ measurements, then NR Carrier RSSI is measured from certain OFDM symbols of the indicated slots corresponding to the detected SS/PBCH block(s).

For frequency range 1, the reference point for the SS-RSRQ shall be the antenna connector of the UE.

[If the receiver beamforming is in use by the UE, RSSI shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch, where the combining for RSSI shall be the same as the one used for SS-RSRP measurements. If receiver diversity is in use by the UE, the reported SS-RSRQ value shall not be lower than the corresponding SS-RSRQ of any of the individual receiver branches.]

	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,

RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


5.1.4
CSI reference signal received quality (CSI-RSRQ)

	Definition
	CSI reference signal received quality (CSI-RSRQ) is defined as the ratio of N×CSI-RSRP to CSI-RSSI, where N is the number of resource blocks in the CSI-RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

CSI Received Signal Strength Indicator (CSI-RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The measurement time resource(s) for CSI-RSSI corresponds to OFDM symbols containing configured CSI-RS occasions.

For frequency range 1, the reference point for the CSI-RSRQ shall be the antenna connector of the UE.

[If the receiver beamforming is in use by the UE, RSSI shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch, where the combining for RSSI shall be the same as the one used for CSI-RSRP measurements. If receiver diversity is in use by the UE, the reported CSI-RSRQ value shall not be lower than the corresponding SS-RSRQ of any of the individual receiver branches.]

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


5.1.5
SS signal-to-noise and interference ratio (SS-SINR)

	Definition
	[SS signal-to-noise and interference ratio (SS-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying secondary synchronisation signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying secondary synchronisation signals within the same frequency bandwidth. The measurement time resource(s) for SS-SINR are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration(s).

For frequency range 1, the reference point for the SS-SINR shall be the antenna connector of the UE.

If the receiver beamforming is in use by the UE, SS-SINR shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. If receiver diversity is in use by the UE, the reported SS-SINR value shall not be lower than the corresponding SS-SINR of any of the individual receiver branches.]

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


5.1.6
CSI signal-to-noise and interference ratio (CSI-SINR)

	Definition
	[CSI signal-to-noise and interference ratio (CSI-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying CSI reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying CSI reference signals reference signals within the same frequency bandwidth.

For frequency range 1, the reference point for the CSI-SINR shall be the antenna connector of the UE.

If the receiver beamforming is in use by the UE, CSI-SINR shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. If receiver diversity is in use by the UE, the reported CSI-SINR value shall not be lower than the corresponding CSI-SINR of any of the individual receiver branches.]

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency
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