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1. Introduction

During previous RAN1 meetings, the following agreements were reached on RRM measrement based on SS blocks.
Agreements:
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,

· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured

· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier
· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier
· RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers
Agreements:
· 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
In this contribution, we further discuss the remaining issues on RRM measurements based on SS block such as definition of RSRQ and configurable RRM measurement window duration and then we discuss the remaining issues on RRM measurements based on CSI-RS such as CSI-RS periodicity and CSI-RS multiplexed with SS block and finally we discuss the problem of RRM measurement with multiple Rx beams.
2. Discussion  
2.1. RRM measurement based on SS block
Definition of SS block based RSRQ
In LTE, RSRQ is defined to evaluate the signal quality of the LTE cell. By measurement of RSRQ, UE can get a knowledge of  the system load and interference level of the measured cell. 
For NR, it has been agreed to define RSRQ for both sub 6GHz and above 6GHz in RAN1#90 meeting.   

However, for NR, due to the use of beam sweeping transmission, there would be large fluctuation of interference level since there would be less UE’s transmission within each narrow beam at one time and the interfering beams of the neighboring cells would change from time to time. For example, as shown in Figure 1, downlink transmission for UE 1 of cell A would be interferred by downlink transmission for UE 2 of cell B at time T1, but at time T2, transmission for UE 1 would be interferred by transmission for UE 3 from of C. Therefore, it is diffcult to accquire accurate RSSI mesurement. One method to solve this problem is by using longer enough measurement duration or accumulate sufficient sample of the interference and the load fluctuation. 
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Figure 1   interference in multiple beam system
Furthermore, the measurement OFDM symbol for RSSI measurement shall be carefully selected. On SS block symbols, usually there would be common channel transmission such as RMSI, paging and RAR PDSCH FDMed with SS block. Therefore, RSSI measured on SS block symbol may not reflect the system load and interference condition caused by unicast PDSCH transmission.Therefore, it is beneficial that RSSI shall be measured on OFDM symbols outside the SS block where unicast PDSCH transmission usually takes place. 
Therefore, based on the above discussion ,we proposed that:
Proposal 1: For NR RSRQ measurement, RSSI shall be measured on OFDM symbols outside the SS block. 

Measurement duration 
The SS burts composition has been agreed during NR Ad-hoc 2 meeting, based on the agreements, the maximum time duration that the SS burst occupies may be less than 5ms. For example, when the subcarrier spacing is 15KHz and the maximum number of SS block L =4 or  when the subcarrier spacing is 30KHz and the maximum number of SS block L =8, the SS burst duration would be within 2ms. And when the subcarrier spacing is 30KHz and the maximum number of SS block L =4, the SS burst duration would be within 1ms. Furthermore, the actual transmitted SS block within the SS burst may be less than L thus even less SS burst transmission time may be needed. 
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Figure 2  agreed SS block composition for 15KHz and 30KHz SCS
On the other hand, short measurement duration means short interruption of data transmission and less UE’s power consumption for RRM measurement.Therefore, at least for RRM measurement of a synchronized network where the transmission of SS burst are aligned for different cells on one frequency layer, measurement duration short than 6ms can be used. For example, for the case SCS =30KHz and the actual transmitted number of SS block is 2, the 2 SS block can be transmitted within 0.5ms. Assuming additionally 1ms for RSSI measurement, then 2ms measurement duration may be enough.  
 Therefore, we propose the measurement duration is configurable and can be 2ms, 3ms, 4ms, 5ms, 6ms. 
Proposal 2: Measurement duration is configurable and can be 2ms, 3ms, 4ms, 5ms, 6ms.
2.2. RRM measurement based on CSI-RS

CSI-RS periodicity

During the NR Ad-hoc 2 meeting,it had been agreed that {5,10,20,40}ms CSI-RS periodicity are supported, but it is still FFS for 80ms and 160ms CSI-RS periodicity. As discussed and specified in the Rel-12 small cell enhancement WI, one CSI-RS configuration can be used for the identification of one TRP, therefore CSI-RS may has the advantage of supporting more TRPs than SS block. Considering ultra dense network(UDN) deployment would be one important feature for NR,  it would be beneficial to support 80ms and 160ms as the CSI-RS periodicity for CSI-RS based RRM measurement for well support of future UDN deployment.

Proposal 3:  Support 80ms and 160ms as the CSI-RS periodicity for CSI-RS based RRM measurement.
CSI-RS FDMed with SS block is supported 
For the multiplexing of CSI-RS transmission and SS block,whether CSI-RS can be FDMed with SS block needs to be discussed. In our view, from the perspective of RRM measurement, CSI-RS FDMed with SS block can be supported thus when CSI-RS and SS block with the same transmission beamwidth can be transmitted with the same beam sweeping cycle thus the total beam sweeping overhead can be  reduced. When CSI-RS and SS block are overlapped or partially overlapped in the frequency domain, CSI-RS can be punctured on the REs that SS block uses.  

Proposal 4:  CSI-RS FDMed with SS block can be supported. 
2.3. RRM measurement with multiple Rx beams
NR UE may be equipped with one or multiple antenna panels and for each antenna panel multiple Rx beams can be used. For NR RRM measurement, e.g., RSRP and RSRQ measurement, the effect of multiple Rx beams shall be considered. For example, UE needs to do perform RRM measurement based on all its Rx beam to find the best measurement results to represent the link quality. However, UE can only measure with only one Rx beam at one time(e.g., one measurement GAP for inter-frequency measurement), then for one UE with N Rx beams, the measurement time would be prolonged by N times and the power consumption would also be increased.Thus methods to optimize the NR RRM measurement for UEs with multiple Rx beams shall be considered.

One possible solution may be that the UE’s Rx beams are divided into several Rx beam groups based on the signal quality, e.g., the signal strength correponding to each Rx beam. And for different Rx beam group, different RRM measurement configuration can be used. 

For example, for Rx beam group with good measurement quality, short RRM measurement period can be used while for Rx beam group with bad measurement quality, longer RRM measurement period can be utilized to reduce the UE’s power consumption wasting. One example is shown in figure 3, beam 2 is in Rx beam group 1 and beam 1/3/4 is categorized into Rx beam group 2. And the configured RRM measurement period for the Rx beam group 2 is triple of that for the Rx beam group 1. 
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Figure 3 illustration of different Rx beams using different measurement periods
Proposal 5: The effect of multiple Rx beams on NR RRM measurement shall be considered.
3. Conclusions
In this contribution, we discussed the remaining issues on RRM measurements based on SS block/CSI-RS.
Based on the above discussons,we have following  proposals: 
Proposal 1: For NR RSRQ measurement, RSSI shall be measured on OFDM symbols outside the SS block. 

Proposal 2: Measurement duration is configurable and can be 2ms, 3ms, 4ms, 5ms, 6ms.
Proposal 3:  Support 80ms and 160ms as the CSI-RS periodicity for CSI-RS based RRM measurement.
Proposal 4:  CSI-RS FDMed with SS block can be supported. 
Proposal 5: The effect of multiple Rx beams on NR RRM measurement shall be considered.
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