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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
RAN4 sent LS to RAN2 regarding the reporting ranges of RSRP and signal quality measurements in NR [1]. RAN4 has to specify the measurement report mappings for the all the measurements including signal quality measurements. In this paper we focus on SS based signal quality: SS-RSRQ and SS- as part of the RRM performance requirements in 38.133. 
According to the LS in [2], for each signal quality measurement the report mapping shall comprise 128 reportable values (7 bits) with 0.5 dB of the granularity. 
In this paper we analyse measurement report mappings for SS-RSRQ and SS-SINR.  
2. Analysis of SS-RSRQ Measurement Report Mapping 
The SS-RSRQ as defined in the latest version of the TS 38.215 is reproduced in Annex A. The UE can be configured via RRC with symbols in which it shall estimate NR-RSSI for SS-RSRQ. There are 4 different RRC configurable sets of symbols for NR-RSSI as shown in table 1. The default NR-RSSI is measured in all symbols within the SMTC window. 
Table 1: NR Carrier RSSI measurement symbols as defined in TS 38.215
	OFDM signal indication SS-RSSI-MeasurementSymbolConfig
	Symbol indexes

	0
	{0,1}

	1
	{0,1,2,..,10,11}

	2
	{0,1,2,…, 5}

	3
	{0,1,2,…, 7}



The S-RSRQ reporting range should cover the maximum and minimum values which can be measured by the UE. In configuration # 0 (table 1), the NR-RSSI is measured only on symbols # 0 and 1, which do not contain SSB in any of the cases (Cases A-E) of the subcarrier spacing of SSB defined in section 4.1, TS 38.213. On the other hand in all configurations # 1-3 (table 1), the NR-RSSI is measured in combination of symbols without SSB and symbols with SSB. The reporting range should be derived to ensure that the UE is able to report maximum and minimum values of SS-RSRQ, which can be measured by the UE. The maximum SS-RSRQ will occur when SS-RSRP is very high and/or the NR-RSSI is very low. Similarly the minimum SS-RSRQ will occur when SS-RSRP is very low and/or the NR-RSSI is very high. 
For NR-RSSI symbol configuration # 0, the NR-RSSI is measured only in symbol 0 and 1, which does not contain SSB. In this case the SS-RSRQ is estimated as follows:

SS-RSRQ                                                             (1)

· Where the power of NR-RSSI per resource element in symbol # 0 and # 1 is denoted by Prssi_non-SSB.

When NR-RSSI is measured in combination of symbols, which contain SSB and symbols which does not contain SSB the SS-RSRQ is estimated as follows:

SS-RSRQ                                                          (2)

· Where the power of NR-RSSI per resource element in symbols not containing SSB is denoted by Prssi_non-SSB while the power of NR-RSSI per resource element in symbols containing SSB is denoted by Prssi_SSB. 
· α and β are defined as follows:
· For NR-RSSI symbol configurations # 1, 2 or 3: α = 1/3 and β = 2/3.
· When NR-RSSI is measured in all symbols within SMTC window (default case): α=3/7 and β=4/7 for all cases of SCS of SSB (cases A-E in section 4.1, TS 38.213)
The current minimum and maximum values of RSRP in LTE are -44 dBm and -144 dBm respectively. Examples of SS-RSRQ for different values of SS-RSRP when NR-RSSI is measured according to different NR-RSSI measurement symbol configurations are shown in table 2.
Table 2: Examples of maximum and minimum SS-RSRQ values for different RSSI measurement symbol configurations 
	Examples
	RSSI measurement symbols
	SS-RSRP (dBm)
	Prssi_SB per RE (dBm)
	Prssi_non-SSB per RE (dBm)
	SS-RSRQ (dB)
	Comments

	1
	Configuration # 0
	-44
	N/A
	-100
	55
	Maximum

	2
	
	-156
	N/A
	-80
	-86.8
	Minimum
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	-50
	N/A
	-90
	29
	Typical high value

	4
	
	-100
	N/A
	-80
	-31
	Typical lower value

	5
	Configurations 1, 2, 3
	-44
	-44
	-100
	-9
	Maximum

	6
	
	-156
	-156
	-80
	-82
	Minimum

	7
	
	-50
	-50
	-90
	-9
	Typical high value

	8
	
	-100
	-100
	-80
	-26
	Typical lower value

	9
	All symbols in SMTC
	-44
	-44
	-100
	-8.4
	Maximum

	10
	
	-156
	-156
	-80
	-83
	Minimum

	11
	
	-50
	-50
	-80
	-8.4
	Typical high value

	12
	
	-100
	-100
	-80
	-27
	Typical lower value



Based on examples in table 2 there are few important observations:
· In case of NR-RSSI measurement using configuration # 0, the SS-RSRQ can result in large positive value while lowest value can also be very low. 
· In case of NR-RSSI measurement using configurations # 1, 2 and 3, the largest SS-RSRQ value is much smaller than the largest value based on configuration # 0. However lowest value can be similar to lowest value achievable using configuraton #0.
· The minimum and maximum SS-RSRQ values using default NR-RSSI measurement mechanism are similar to those achieved with NR-RSSI measurement using configurations # 1, 2 and 3.
We therefore suggests:
· reporting range for SS-RSRQ when NR-RSSI is measured based on configuration # 0 is extended will above 2.5 dB while also extended below -34 dB to some extent. 
· reporting range for SS-RSRQ for all other cases (default NR-RSSI and NR-RSSI based on configurations # 1, 2 or 3) is mainy extended below -34 dB. 

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 -43 dB up to +20 dB with 0.5 dB of resolution when NR-RSSI is measured according to SS-RSSI-MeasurementSymbolConfig # 0. This requires 128 reportable values.
· Proposal 2: SS-RSRQ reporting range is defined from -60.5 dB up to +2.5 dB with 0.5 dB of resolution when the NR-RSSI measurement resources are not configured by the higher layers or when the NR-RSSI is measured according to SS-RSSI-MeasurementSymbolConfig # 1, 2 or 3. 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 3: SS-SINR reporting range is defined from -23 dB up to +40 dB with 0.5 dB of resolution. This requires 128 reportable values.
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 -43 dB up to +20 dB with 0.5 dB of resolution when NR-RSSI is measured according to SS-RSSI-MeasurementSymbolConfig # 0. This requires 128 reportable values.
· Proposal 2: SS-RSRQ reporting range is defined from -60.5 dB up to +2.5 dB with 0.5 dB of resolution when the NR-RSSI measurement resources are not configured by the higher layers or when the NR-RSSI is measured according to SS-RSSI-MeasurementSymbolConfig # 1, 2 or 3. This requires 128 reportable values.
· Proposal 3: SS-SINR reporting range is defined from -23 dB up to +40 dB with 0.5 dB of resolution. This requires 128 reportable values.
A draftCR to TS 38.133 to define the report mappings for the above measurements is provided in [2].
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Annex A: Signal Quality Measurement Definitions in TS 38.215
[bookmark: _Toc508898367][bookmark: OLE_LINK3][bookmark: OLE_LINK4]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.

If indicated by higher-layers, for a half-frame with SS/PBCH blocks the NR Carrier RSSI is measured from OFDM symbols of the indicated slots and the OFDM symbol are given by Table 5.1.3-1. Otherwise, if measurement gap is not used, NR Carrier RSSI is measured from OFDM symbols within SMTC window duration and, if measurement gap is used, NR Carrier RSSI is measured from OFDM symbols corresponding to overlapped time span between SMTC window duration and minimum measurement time within the measurement gap.

Table 5.1.3-1: NR Carrier RSSI measurement symbols
	OFDM signal indication
SS-RSSI-MeasurementSymbolConfig
	Symbol indexes

	
	

	0
	{0,1}

	1
	{0,1,2,..,10,11}

	2
	{0,1,2,…, 5}

	3
	{0,1,2,…, 7}




If higher-layers indicate certain SS/PBCH blocks for performing SS-RSRQ measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-RSRQ shall be the antenna connector of the UE. For frequency range 2, NR Carrier RSSI shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch, where the combining for NR Carrier RSSI shall be the same as the one used for SS-RSRP measurements. For frequency range 1 and 2, 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_INACTIVE intra-frequency,
RRC_INACTIVE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



[bookmark: _Toc508898369]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.

For SS-SINR determination demodulation reference signals for physical broadcast channel (PBCH) in addition to secondary synchronization signals may be used.

If higher-layers indicate certain SS/PBCH blocks for performing SS-SINR measurements, then SS-SINR is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-SINR shall be the antenna connector of the UE. For frequency range 2, SS-SINR shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, 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





