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1. Introduction

Followings are part of agreements on RRM measurements made during the previous RAN1 meetings [1-3]:

	Agreements:
· RAN1 assumes at least SSS is used for SS block RSRP

· Note that NR-PBCH DMRS can also be used for SS block RSRP if UE can know the power offset of NR-PBCH DMRS and NR-SSS
Agreements:

· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 
Agreements:
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS

· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead
· Detection of neighbor cell for measurement is based on NR-SS

Agreements:
· 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


Based on the agreements, we discuss DL measurement based RRM measurement in NR focusing on SS block based measurements in more detail in this document.
2. Discussion
2.1. DL RS for RRM measurement
Use of NR SSS and NR PBCH DM-RS for DL measurements in idle mode

In the previous RAN1 meeting, it is decided that SSS is used for DL based RRM measurement for idle mode and it is still open whether PBCH DM-RS can be additionally used for the RRM measurement. With 15KHz subcarrier spacing, Figure 1 below shows the RSRP accuracy based on the SSS with 2.16MHz and PBCH with 4.32MHz. As shown in the figure, SSS with the 2.16MHz provides reasonable RSRP accuracy for RRM measurements.
Observation: SSS with 2.16MHz provides reasonable RSRP accuracy for RRM measurement. 
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Figure 1. RSRP measurement accuracy using SSS and PBCH DM-RS
As discussed in last meeting, power offset of PBCH DM-RS to SSS should be known to UE in order to use PBCH DM-RS for RRM measurement because network can boost the transmission power of SSS for cell coverage. However, details on the power offset (e.g. whether the power boosting of SSS is applied or not, how much power is allocated to SSS) might depend on cell environment and vary by cells. Therefore, PBCH DM-RS can be used for RRM measurement only when the power offset value can be applied to all the cells at the frequency, and the performance requirement should be determined with an assumption of only NR SSS-based measurement. 
For the more optimization, the power offset of PBCH DM-RS can be configured per cell through the cell list in measurement configuration in addition to the default value per frequency just in connected mode. If defined and configured, the power offset of PBCH DM-RS can be applied per cell and default value per frequency to other cells not to be included in cell list. 
Proposal 1. The power offset of NR-SSS and NR-PBCH should be defined per frequency for both idle mode and connected mode, and NR PBCH DM-RS can be used only if the value is configured. In addition, the performance requirement should be determined based on the RSRP measurement of NR SSS.
Neighbour-cell measurements for Inter-Cell/Beam Interference Coordination(ICIC)

On the other hand, neighbour cell measurements in connected mode have another purpose, i.e., inter-cell interference coordination. In order for UE to report or complain that a specific cell/beam interferes to that UE, UE has to measure interference per cell/beam. Based on the per beam interference measurements UE can derive per cell interference level. Here, we need to decide whether the beam-level interference measurements should be based on SS-block-RSRP per cell or CSI-RS-RSRP in connected mode for interference measurements. 
2.2. Cell quality derivation based on per beam RSRP values 
It should be defined how to derive cell quality in order to support cell selection/reselection in L3 mobility. Since there is no single RSRP value representing a cell quality in multi-beam environments, UE has to derive a cell quality based on a specific criteria. Of course, in a cell transmitting a single SS block, the SS block RSRP represents the cell quality. On the other hand, for a cell transmitting multiple SS blocks, UE has to utilize multiple SS block RSRPs in order to derive the cell quality. Similarly, there can be multiple CSI-RSs and UE has to derive the cell quality using multiple CSI-RS RSRPs in connected mode if the network configures CSI-RSs for L3 mobility. 
In the following, we propose how to derive cell quality based on per beam RSRP values. In order to derive cell quality, time averaging of the best received value of DL RS at each measurement instance should be used as in the Equation (1). Note that the averaging here does not mean that averaging over spatial domain (multiple SS-blocks or multiple CSI-RSs) at a given instance. UE selects its best SS-block-RSRP (or CSI-RS RSRP) at each measurement instance and averages the best SS-block-RSRP (or CSI-RS RSRP) over averaging time window. In other words, we propose the cell quality follows best envelope of among multiple SS-block-RSRPs (or CSI-RS RSRP) so that UE can determine its best serving cell. 
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 is SS-block-RSRP (or CSI-RS RSRP), and T is averaging window for the measurement.
Proposal 2. Cell quality is derived from the function of RSRP per beam. Best (one or multiple) RSRP at each measurement instance is chosen as a cell quality, which is averaged in time domain over time averaging window.
3. Multiple periodicity for SS block

In the last meeting, it was discussed whether multiple periodicity of SS block in a carrier can be configured or not, and we have to consider what are use cases for multiple periodicity of SS block.
First, the different periodicity of SS block between serving cell and neighbour cell can be taken into consideration. In other words, even if sparse transmission of SS block is applied due to low mobility environment and efficient resource usage, the SS block in the serving cell can be used for many purpose (e.g. time & frequency tracking, radio link monitoring, beam management & beam recovery, etc) and the periodicity of SS block in serving cell might need to be kept low regardless of the periodicity of SS block in neighbour cell. With this configuration, UE could operate more stably from the point of view of intra-cell operation.
Second, HetNet environment in the same carrier can be considered as a use case of multiple periodicity, where macro cell might transmit SS block with short periodicity focusing on mobility and small cell might transmit SS block with long periodicity focusing on high system throughput. In this scenario, multiple periodicity of SS block could be investigated in two aspects : cell detection and mobility measurement. In terms of the performance of cell detection, UE might to try accumulation of PSS or SSS correlation metric for mobility performance enhancement regardless of the assumption of one-shot detection of SSS. However, it might not be possible in case of multiple periodicity of SS block due to large UE complexity, and we could observe the performance difference between single periodicity and multiple periodicity configuration. Next, RRM measurement operation would be discussed. In general, UE measures RSRP of reference signal for detected cell and the RSRP value is filtered in L1 level and/or L3 level. During the filtering operation, some cells have very low RSRP value or could not be measured due to very low quality in UE side, and UE should decide whether the cell continue to be measured or not. However, with the configuration of multiple periodicity, UE might provide the inaccurate measurement results or try to blindly detect the periodicity of the cell even at the expense of high complexity. As a supplementary solution, network could provide the SS block periodicity per cell with cell list of measurement configuration. In addition, the default periodicity of SS block per frequency could be provided by network for the case of not being in the cell list. Based on the discussion, the multiple periodicity of SS block might be provided in NR system with a more sophisticated configuration for the mitigation of UE complexity.
Proposal 3. If the multiple periodicity of SS block is supported in NR system, both the periodicity per cell and default periodicity per frequency should be provided for the mitigation of UE complexity.

4. Conclusion
In this contribution, we discussed DL based RRM measurement for both IDLE mode and CONNECTED mode and our observations/proposals are as follows:
Observation: SSS with 2.16MHz provides reasonable RSRP accuracy for RRM measurement. 
Proposal 1. The power offset of NR-SSS and NR-PBCH should be defined per frequency and NR PBCH DM-RS can be used only when the value is configured. In addition, the performance requirement should be determined based on the measurement of only NR SSS.
Proposal 2. Cell quality is derived from the function of RSRP per beam. Best (one or multiple) RSRP at each measurement instance is chosen as a cell quality, which is averaged in time domain over time averaging window.
Proposal 3. If the multiple periodicity of SS block is supported in NR system, both the periodicity per cell and default periodicity per frequency should be provided for the mitigation of UE complexity.
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