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1. Introduction

In RAN1 #87 meeting, there was discussion on RRM measurement in new radio access technology (NR) and the following agreements were made [1]:

	Agreements:

· NR should support adaptation and network indication of the valid time and frequency resources which may be used for inter-/intra-frequency RRM measurements and reports for ‘CONNECTED’ mode UEs

· FFS: UE-specific and/or cell-specific indication

· FFS: dynamic adaptation/configuration
· FFS: idle and possibly new state modesz
· FFS: whether to support aperiodic
· It is up to RAN4 for determining requirements regarding the extent the UE can restrict its measurement to a subband of the configured bandwidth

Agreements:

· For cell level measurement in multiple beam operation scenario, following examples for RRM measurement quantity in connected mode can be considered for evaluations
· Example 1: The quantity is measured on the best received DL signal resource for RRM measurement 
· Example 2: The quantity is a function of quantities measured on best received “N” DL signal resources for RRM measurement 
· FFS : value of N, 
· FFS: N is fixed in the specification; or can be signaled via RRC signaling on the RRM measurement configuration
· Other options are not precluded.
Agreements:

· Consider the following signal combinations for inter-cell RRM measurements for CONNECTED and IDLE until RAN1-NR:

· Option 1: Same RS

· Option 1-1: NR-SSS and/or NR-PSS

· Option 1-2: MRS-1 (Multi-port multi-beam reference signal multiplexed in a SS block)

· Option 1-3: MRS-2 (Multi-port multi-beam reference signal not multiplexed in a SS block)

· Option 1-4: MRS-3 (Single/Multi-port single-beam reference signal)

· Option 1-5: NR-SSS and DM-RS for PBCH if DM-RS is supported for PBCH

· Option 2: Not same RS

· Option 2-1: NR-SSS in IDLE; MRS-{1,2} in CONNECTED

· Option 2-2: NR-SSS in IDLE; NR-SSS and MRS-{1,2} in CONNECTED

· Option 2-3: NR-PSS and/or NR-SSS in IDLE; NR-PSS and/or NR-SSS and CSI-RS in CONNECTED

· Option 2-4: For CONNECTED, RS for IDLE and MRS-{1,2,3}

· Companies are encouraged to bring results and analysis until RAN1-NR considering at least the following aspects:

· Cell coverage in CONNECTED and IDLE

· Overhead of RS resources (e.g. Number of resource elements, BW used for RS mapping, Resource usage in time)

· Accuracy of the RS measurement quantity

· The following impacts resulting from selecting IDLE mode RS option can also be considered for multi-beam case:

· Performance in DL/UL signal reception after RACH before RRC connection, in relation to the associated beams obtained during RACH procedure 

Agreements:

· For RAN1 evaluations for IDLE mode, the default bandwidth for DL RRM measurement assumed by UE is not larger than the minimum carrier bandwidth which may depend on the frequency band

· FFS: mMTC case


In this contribution, we discuss DL measurement based RRM measurement in NR.
2. Discussion

2.1. DL RS for RRM measurement
For DL RS for cell-level RRM measurement in RRC IDLE mode, there should be time/freq. resources which are guaranteed to be always transmitted. In this regard, the DL RS can be transmitted at least in the same time duration where beam swept SS blocks are transmitted in IDLE mode. Then, the following options can be considered for DL RS for cell-level RRM measurement in RRC IDLE mode.

· Option 1: Synchronization signal (e.g., SSS)
· Option 2: PBCH DM-RS
· Option 3: MRS-1 (from RAN1 #87 agreements)
In our proposal, MRS-1 is transmitted at least in a SS block and can be transmitted wider than the SS block in order to provide network configurability. In other words, DL RS for RRM measurement should be transmitted at least within a SS block and should have a room for network flexibility. Hence, use of Synchronization signal and PBCH DM-RS seem not be appropriate for this purpose in this regards. Therefore, option 3 is more preferred with allowing extension of time and/or frequency resource of MRS-1 outside of SS block. Figure 1 depicts an example of MRS-1 transmission when multi-beam operation is applied. It should be noted that MRS-1 can also be transmitted with single beam when only one SS block is transmitted when single beam operation is applied. Also note that MRS-1 can substitute PBCH DM-RS to prevent additional RS overhead. 
Proposal #1: For cell-level RRM measurement in RRC IDLE mode, use MRS-1 with the possibility of extension over SS block.
MRS-1 should be transmitted per SS block, i.e. multiple beam direction transmission is assumed. In other words, UE monitors multiple MRSs corresponding to each SS block and should be able to derive cell-level quantity based on multiple MRSs. 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 it is FFS whether UE should report measurement results per beam (SS block) on multiple SS blocks. 
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 is the measurement value of i-th MRS-1 corresponding i-th SS block, and T is averaging window for the measurement.
Proposal #2: Time averaging of the best received value of MRS at each measurement instance can be used to derive cell-level RRM quantity based on multiple beam MRSs.
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Figure 1 DL RS for cell-level RRM measurement in RRC IDLE mode
If a DL RS for cell selection/reselection in RRC IDLE mode is defined, it would be natural to use the same DL RS for 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.
Proposal #3: For cell-level RRM measurement (e.g., handover) in RRC CONNECTED mode, use DL RS for RRC IDLE mode (e.g., MRS-1).
Considering that a NR cell can comprise multiple TRP(s) having same cell ID and each TRP can manage single or multiple analog beam(s), TRP-level RRM measurement should be supported for determination of serving TRP within a NR cell in RRC CONNECTED mode. Since the TRP-level RRM measurement may or may not be needed in accordance with network topology, DL RS for TRP-level RRM measurement can be configurable as occasion demands. MRS 2 which is transmitted outside of SS block, namely CSI-RS should be used for this purpose. Note that it is FFS whether the measurement based on the CSI-RS is L1/L2 or L3 level. At least, if the CSI-RS is used for L3 RRM measurement for TRP-selection, it is preferable rather coarse beam measurement while it is used for L1/L2 measurement and it must be for fine beam measurement.
Proposal #4: In RRC_CONNECTED mode, additional configurable RS, namely CSI-RS can be used for TRP level RRM measurement.

2.2. 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., MRS-1). Considering that a NR cell can have multiple beams (e.g., multi-beam based operation), UE can make a RLF decision when 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 #5: For RLF in NR, the RS for cell-level RRM measurement (e.g., MRS-1) can be used.
3. Conclusion
In this contribution, we discussed DL based RRM measurement for both IDLE mode and CONNECTED mode and proposed followings:
Proposal #1: For cell-level RRM measurement in RRC IDLE mode, use MRS-1 with the possibility of extension over SS block.
Proposal #2: Time averaging of the best received value of MRS at each measurement instance can be used to derive cell-level RRM quantity based on multiple beam MRSs.

Proposal #3: For cell-level RRM measurement (e.g., handover) in RRC CONNECTED mode, use DL RS for RRC IDLE mode (e.g., MRS-1).
Proposal #4: In RRC_CONNECTED mode, additional configurable RS, namely CSI-RS can be used for TRP level RRM measurement.

Proposal #5: For RLF in NR, the RS for cell-level RRM measurement (e.g., MRS-1) can be used.
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