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1 Introduction
A way forward to analyse several RRM related areas was approved in the last meeting [1]. This also includes RRM measurement definitions and their requirements. In this paper we discuss the need for signal quality measurement for performing mobility in NR i.e. within NR and also between NR and LTE.  
2 RAN1 Agreements on Mobility Measurements
According to the RAN1 agreements on mobility related measurements in RAN1#88 meeting (April 2017) the following two mobility measurements have been agreed:

· SS block based RSRP and

· CSI-RS based RSRP i.e. CSI-RSRP
Agreements (DL RSRP for L3 mobility):
· Clarify previous RAN1 agreements on the RSRP definition for DL RRM measurements for L3 mobility as follows

· Define SS block RSRP and CSI-RS RSRP as

· SS block RSRP : measured RSRP from SSS

· FFS additional use of PBCH-DMRS for measurement 

· CSI-RS RSRP : measured RSRP from CSI-RS in connected mode
3 Background: Signal Quality Measurement for Mobility 
The agreed NR mobility related measurements (SS RSRP and CSI-RSRP) are signal strength measurements. But RAN1 has not agreed any signal quality measurement for mobility in NR. 

In LTE, RSRQ which is a signal quality measurement was introduced in Rel-8 for mobility in RRC connected state and in Rel-9 for mobility in RRC idle state. The RSRQ definition has also been evolved over time. For example in later releases (e.g. in Rel-11) the RSRQ was modified to measure RSSI measurement over all symbols of the subframe to better adapt for some features such as (eICIC, FeICIC, LAA).  

In LTE RSRQ is not suitable for all scenarios and system load. For example RSRQ is less reliable at higher Es/Iot since RSSI also includes contributions from the serving cell. 

Therefore in LTE another signal quality RS-SINR, which is SINR measured on the CRS, was introduced in Rel-13. It only applies to RRC connected state. RS-SINR can better represent data RE signal quality in synchronized network with non-colliding CRS (i.e. when CRS collides with data RE of other cells). But RS-SINR has slightly worse accuracy than that of RSRQ at higher Es/Iot i.e. ≥ -3 dB.

The main use case of signal quality measurements is to trigger a measurement procedure on a target carrier when interference on the serving carrier exceeds certain threshold. Otherwise the reception quality of the serving cell will be degraded and also handover to another cell on the serving carrier will not improve the reception quality. As signal strength measurement cannot detect the interference component, therefore in such situation signal strength alone is insufficient for appropriate mobility decisiosn. More specifically the signal quality measurement is used for the following mobility scenarios in LTE: 

· Triggering of measurements on non-serving carrier in idle state e.g. when serving cell RSRQ falls below threshold,

· Triggering of inter-frequency and/or inter-RAT measurements in RRC connected state e.g. triggering of measurements gaps, 

· Inter-frequency mobility e.g. handover between cells of serving and non-serving carriers.

· Mobility between serving carriers in CA e.g. swapping between PCell and SCell.
4 Need for Signal Quality Measurement in NR

NR will also support mobility scenarios and use cases which are similar to those exist in LTE. We therefore believe that some sort of quality based measurement metric is also required in NR. 

In NR the signal quality can be measured on SS transmitted in SS burst which contains multiple SS blocks. The SS burst is carrier specific information provided to the UE. Therefore to enable signal quality measurement based on SS burst the network has to provide carrier specific information to the UE. 

Under the assumption that the signal quality in NR is measured on SS signals, the equivalent of LTE RSRQ and LTE RS-SINR in NR would be synchronization signal received quality (SSRQ) and synchronization signal SINR (SS-SINR) respectively. 

One possibility is to specify SSRQ or SS-SINR. Another option is that both SSRQ and SS-SINR are specified in NR. Yet another option is to define an entirely new kind of signal quality measurement which is best suited for NR mobility uses cases. 

We therefore suggest that until the next meeting (RAN4#NR-AH-2, Qindao), RAN4 investigate suitable signal quality measurement for mobility in NR. Based on the outcome of the investigation, RAN4 is to identify suitable signal quality measurement and also inform RAN1. 

· Proposal # 1: Possible candidate for signal quality measurements for mobility in NR are SSRQ and SS-SINR, which can be measured on SS transmitted in SS blocks of SS burst. 

· Proposal # 2: Investigate until RAN4#NR-AH-2 in June to identify suitable signal quality measurement(s) for mobility in NR.
5 Summary
Until now RAN1 has only agreed to introduce signal strength measurements (SS based RSRP and CSI-RS based CSI-RSRP) for mobility in NR. In this paper we have briefly discussed the need for specifying signal quality measurements for mobility in NR.  The following are the main proposals:

· Proposal # 1: Possible candidate for signal quality measurements for mobility in NR are SSRQ and SS-SINR, which can be measured on SS transmitted in SS blocks of SS burst. 

· Proposal # 2: Until RAN4#NR-AH-2 in June, RAN4 is to investigate and identify suitable signal quality measurement(s) for mobility in NR.
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