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1 Introduction
The CSI-RS based signal quality measurement were extensively discussed in the previous meetings [1-2]. In the last RAN1 meeting it was decided to specify four different signal quality measurements based on SS block and CSI-RS [2]. 
In this paper we further analyse CSI-RS based RSRQ type signal quality measurement for performing mobility in NR.  
2 Agreements on Signal Quality Measurement 
According to the incoming RAN1 LS in [3] the following 4 different signal quality measurements shall be introduced in NR. 

Agreements:
· In NR RRM measurement for L3 mobility, 

· RSRQ based on SS/PBCH block is introduced for both below-6 and above-6 GHz for UE in IDLE and CONNECTED mode

· RSRQ based on CSI-RS for L3 mobility is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode

· RS-SINR based on SS/PBCH block is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode

· RS-SINR based on CSI-RS for L3 mobility is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode

· SS block based RSRQ/RS-SINR are at least based on SS/PBCH-RSRP, and CSI-RS based RSRQ/RS-SINR are at least based on CSI-RSRP

· FFS: how to define RSRQ and RS-SINR, e.g.,

· Which time/frequency resource(s) are used for RSSI/interference measurement

· Whether/how to indicate the resource(s) for RSSI/interference measurement

· How to treat UE RX beam for RSRQ/RS-SINR measurement

· RAN1 strives to have common definition on RSRQ and RS-SINR for below-6 and above-6 GHz
According to the RAN1 agreements all four signal quality measurements are applicable in RRC connected state. However only SS based RSRQ is applicable in RRC idle state. One important open issue is the resources over which the estimation of RSSI shall be done.
3 RAN1 Agreements related CSI-RS for Mobility
The CSI-RS parameters are configurable for doing RRM measurements. For example bandwidth over which the CRS-RS are transmitted and also the periodicity with which the CSI-RS is transmitted are configurable. The current RAN1 agreements related to the CSI-RS configurable for the RRM measurements are listed below. The CSI-RS are expected to be transmitted in symbols which contain data resource elements. This is in contrast with the PSS/SSS, which are transmitted continuously in frequency domain over 127 subcarriers.   
Agreements: (RAN1#AH-NR2 (June 2017)
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR

· Configurable periodicity (as already agreed)

· {5, 10, 20, 40, [80, 160]} ms are supported

· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)

· FFS candidate values

· Configurable measurement bandwidth (as already agreed) and frequency location

· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported

· FFS other candidate values for wider bandwidth for each SCS

· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported

· Configurable parameters for sequence generation 

· Configurable numerology

· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported

· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused

· Configurable CSI-RS time/frequency resource (as already agreed)

· CSI-RS design including RE mapping and density for beam management is assumed as baseline

· Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties
4 CSIRQ Measurement Definition in NR
The CSI-RS based RSRQ (CSIRQ) should include signal strength component (CSI-RSRP) and interference component. Similar to SS based RSRQ, the CSIRQ can be defined as a ratio of CSI-RSRP to NR carrier RSSI.

The purpose of CSIRQ is to determine the beam quality which in turn depends on the interference received from other beams in the same cell or different cells. The interference varies over time as it mainly depends upon the load of the data transmission i.e. resource elements which carry data channel (PDSCH). This means the RSSI part of the CSIRQ should include contribution from at least certain number of resource elements which carry data channel.
The CSI-RS will not be transmitted continuously in frequency domain and the symbols containing CSI-RS will also contain resource elements with data channel within a resource block. Therefore it is feasible to measure RSSI over the same symbols which contain CSI-RS over the measurement bandwidth. This approach is similar to the RSSI measurement in legacy RSRQ in LTE. This was also proposed in earlier contributions [1-2]. This will also simply the UE implementation since the UE can measure CSIRP and RSSI at the same time and over the same duration/snapshots. The measurement bandwidth of CSIRP and RSSI can be the same. The exact definition of CSIRQ is expressed in table 1.
Table 1: Proposed CSIRQ definition
	Definition
	CSI-RS Received Quality (CSIRQ) is defined as the ratio N×CSIRP/(CSI-RSSI), where N is the number of resource blocks of the CSI-RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

CSI-RS Received Signal Strength Indicator (CSI-RSSI) comprises the linear average of the total received power (in [W]) observed in OFDM symbols used for the CSIRP measurement, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.

The reference point for the CSIRQ 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 CSIRQ of any of the individual sets.

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency.

	Note 1: NOTE 1: The union of the antenna elements that is used as the reference for the CSIRQ may be interpreted as the antenna connector for a UE that supports measurements by applying known power levels at the antenna connector.


5 Summary
In this paper we have discussed the definition of CSI-RS based signal quality measurement (CSIRQ) for mobility in NR.  The following are the main proposals:
· Proposal # 1: Signal quality measurement (CSIRQ) for mobility in NR is defined as a ratio of CSIRP to RSSI. 
· Proposal # 2: The RSSI part of the CSIRQ shall be measured in OFDM symbols which are also used for the CSIRP measurement by the UE.

A draft LS to RAN1 and RAN2 is provided in [4].
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