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1. Introduction

Followings are the agreements on RRM measurements during RAN1 #88 meeting:
	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



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

In the last RAN1 meeting, it is decided that SSS is used for DL based RRM measurement for idle mode. Since SSS transmission bandwidth is not decided yet but the SSS design should meet the cell detection performance and the measurement accuracy as well. Especially, with 15KHz subcarrier spacing of SSS in below 6GHz, the possible candidate transmission bandwidth are 2.16MHz and 4.32MHz. 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. 
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Observation: SSS with 2.16MHz provides reasonable RSRP accuracy for RRM measurement. 

Use of CSI-RS in addition to SSS for DL measurement in connected mode

In connected mode, CSI-RS is used for the DL measurement in addition to SSS. There can be multiple of SS blocks producing multiple SS block RSRPs and multiple of CSI-RS can be configured per SS block. Since a UE keeps track of CSI-RS based RSRP in addition to SS block RSRP during connected mode, the relationship between the SS block RSRP and the CSI-RS based RSRP. After UE gets connected to a network, the UE should be provided for CSI-RS configurations and quasi-collocation information for each CSI-RS process can also be provided. We consider there can be multiple CSI-RS configurations per SS-block-RSRP measurements, in other words, each CSI-RS are to be possibly partially quasi-collocated with a specific SS block index. 
When a network configures measurements for connected mode, UE measures CSI-RSs included in the measurements configurations. CSI-RS configuration may not be cell-specific but UE-specific, then UE simply estimates the CSI-RS using the QCL information, the SS block index can be its serving cell index or neighbour cell index. 

Proposal 1: Each CSI-RS is QCLed with a SS block. 
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. Per cell interference measurements seems not feasible but using the beam level interference measurements UE can derive the cell level interference measurements. 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-level RRM quantity 
Given the definition of SS-block-RSRP, UE may estimate multiple SS-block-RSRPs and UE has to derive cell-level measurement quantity using the SS-block-RSRP for L3 mobility in idle mode. In order to derive cell-level RRM quantity, 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) at a given instance. UE selects its best SS-block-RSRP at each measurement instance and averages the best SS-block-RSRP over averaging time window. In other words, we propose the cell-level measurement quantity follows best envelope of among multiple SS-block-RSRPs so than UE can determine its best serving cell. 
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     Equation (1)

, where 
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 is SS-block-RSRP, and T is averaging window for the measurement.
RSs for the DL measurement in connected mode are hierarchical with three levels: Cell ID – SS block index – CSI-RS Index. It is not yet clear whether cell-level RSRP quantity can be derived using CSI-RSs in connected mode and which quantities should be reported during connected mode per event triggered. UE may report SS block RSRP and also UE may report CSI-RS based RSRP in connected mode for each triggered event. However, it is FFS which RS to use to derive cell level RSRP for the purpose of cell selection/reselection, in other words, deriving cell level RSRP using SSS, CSI-RS, or deriving two cell level RSRP using both RSs. 
On the other hand, it would be natural to use the same DL RS for cell selection/reselection and handover (HO) procedure in RRC CONNECTED mode. If DL RS for cell selection/resection and DL RS for HO are different, time domain processing on cell-level RRM measurements can be complicated. For example, if the type of DL RS for cell-level RRM measurement changes when RRC state is changed from RRC IDLE mode to RRC CONNECTED mode and vice versa, UE may have to initialize the previous cell-level RRM measurement which can be calculated with time domain averaging. It is not preferred since it can delay the acquisition of cell-level RRM measurement for HO in CONNECTED mode and it is not guaranteed that the RSRPs of the different RSs are always the same tendency for multiple cells. Therefore, if there is no clear benefits to use DL RS for HO which is different from DL RS for cell selection/reselection, same DL RS should be used for cell-level measurement (i.e., cell selection/reselection, HO) in both RRC IDLE mode and RRC CONNECTED mode.
Given that RAN1 decided to use CSI-RS for L3 mobility in addition to the use of SSS in connected mode, this operation may apply only for the single beam operation(single SS block) in order to identify multiple TRPs for L3 mobility. But in multiple beam operation, use of SS block RSRP would be sufficient to derive cell-level RSRP for L3 mobility (cell selection/reselection purpose) in connected mode as well as in idle mode. Of course, CSI-RS can be used for beam level RRM. 
Proposal 2: Cell-level RRM value is derived from the function of SS block RSRP. Best SS-block-RSRP at each measurement instance is chosen as a cell-level measurements quantity, which is averaged in time domain over the best SS-block-RSRP value at each measurement instance. SS-block index may be different that shows best SS-block-RSRP at each measurement instances.

2.3. RS for RLF

In legacy LTE system, RLF can be declared based on PDCCH decoding success/failure. If consecutive PDCCH decoding failures occur in multiple subframes, then UE interpreted it as out-of-sync indication. If out-of-sync indication occurs up to certain times (e.g., N310), T310 timer will start. Before expiry of T310 timer, UE counts in-sync indication which is corresponding to consecutive PDCCH successes in multiple subframes. If the count for in-sync indication is lower than certain value (e.g., N311), UE decides that RLF is detected. For the decision of PDCCH decoding success/failure, UE can refer DL measurement based on CRS while the exact decision mechanism would different according to UE implementation (e.g., RSRP, RSRQ, SINR based). Similar to LTE system, DL measurement based RLF can also be considered for a NR system. For the decision of RLF, UE can use the RS for cell-level RRM measurement (e.g., SS-block RSRQs). Considering that a NR cell can have multiple beams (e.g., multi-beam based operation), UE can make a RLF decision depending on whether serving beam can be found or not. For example, if UE cannot find serving beam during certain time interval, then UE decides that RLF is detected.
Proposal 3: For RLF in NR, the RS for cell-level RRM measurement (e.g., SS-block RSRQ) can be used.
3. 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: Each CSI-RS is QCLed with a SS block. 

Proposal 2: Cell-level RRM value is derived from the function of SS block RSRP. Best SS-block-RSRP at each measurement instance is chosen as a cell-level measurements quantity, which is averaged in time domain over the best SS-block-RSRP value at each measurement instance. SS-block index may be different that shows best SS-block-RSRP at each measurement instances.

Proposal 3: For RLF in NR, the RS for cell-level RRM measurement (e.g., SS-block RSRQ) can be used.
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