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Introduction
In RAN1#89, the following agreements were reached on the RLM:
· IS and OOS indications are based on SINR-like metric (e.g., hypothetical PDCCH BLER) as in LTE
· SINR-like metric as in LTE represents whether or not UE can receive PDCCH
· FFS: PDCCH in U-SS and/or PDCCH in C-SS
· RS used to derive SINR-like metric is down selected from following options
· Opt.1: CSI-RS
· Opt.2: DMRS for NR-PDCCH in C-SS
· Opt.3: DMRS for NR-PBCH
· Opt.4: NR-SSS
· Opt.5: RS for time/frequency tracking (if separate RS from above is defined for time/frequency tracking)
· FFS: how many options are used
· RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.
· RAN1 plans to provide at least periodic IS/OOS indications.
· FFS: possibility of additional aperiodic IS indication e.g., based on beam failure recovery mechanism.

This contribution shows Samsung’s view on the following remaining issues of RLM:
· RS to be used for RLM
· Cell-specific vs. beam-specific RLF indications
· Whether to support additional aperiodic IS indication

Discussions
In legacy LTE, the RLM procedure is described in 36.133 as in the following:
UE has threshold Q_out, Q_in which can be obtained by test (of course which is UE implementation) so that hypothetical PDCCH transmission of which BLER 10% and 2%, respectively, could be identified by measuring CRS (cell specific RS). This indication should be made by measuring DL link quality for 200ms and 100ms for out-of-sync and in-sync respectively. And two successive indications from Layer 1 shall be separated by at least 10 ms. Calculation of representative value during 200ms or 100ms measurement is UE implementation.


The NR RLM procedures should support the principles of LTE RLM procedures; and on top of that, the NR procedure also need to be able to support multi-beam operations. This observation results in the following set of principles for NR RLM procedure to satisfy:
1. The number of measurement samples should be sufficient to obtain reliable statistics.
2. The link quality should be able to represent all the beams that can be used for control channel transmissions
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RS to be used for RLM
NR-SS beams are provided for facilitating UEs’ synchronization and letting UE to acquire basic system information. An NR-SS beam sweep should be able to cover the whole cell area with relatively short sweeping time; and hence the NR-SS beams will have a wide beam width. However, PDSCH is a unicast channel transmitted to a particular user to provide high data rate, and hence the PDSCH beam typically has a narrower beam width (better beamforming gain) than the NR-SS beams. The beam management and link adaptation for the PDSCH are performed with CSI-RS, and hence, it is expected that the beam width of the CSI-RS will also be narrower than that of the NR-SS. 
As NR-SS is the always-on signal that provide the cell wide coverage, it is possible that the network reuses the NR-SS beams for control signaling as well. Under this assumption, the NR-SS does satisfy the two requirements introduced in the beginning of the section, and it is proposed that at least the NR-SS should be supported as an RLM RS. It is also noted that it would be an implementation issue to use PBCH DMRS for the RLM purpose, as PBCH DMRS is on the same antenna port as the NR-SSS. 
On the other hand, the CSI-RS is non-always signals that are configured by the network, and hence this may or may not be present for the purpose of RLM measurement. However, when the CSI-RS is configured and when they are used for cell-wide beam management purpose as well, it should be also possible that the network utilizes the CSI-RS beams for PDCCH transmissions. To allow for this implementation flexibility, it should also be allowed that periodic beam-management CSI-RS configured for P-1 is also used as RLM RS. It is also noted that tracking RS could also be a periodic CSI-RS, and hence it does not need to be separately discussed. 
On the other hand, DMRS for NR-PDCCH in C-SS is not preferred as RLM RS, as the C-SS timing configuration needs to consider overall system overhead, and hence it is not expected that NR-PDCCH DMRS can be provided frequently as necessary for RLM RS. 

Proposal 1: Both CSI-RS and NR-SS are supported in NR as RLM RS. 
Cell-specific vs. Beam-specific RLF indications
About the OOS detection, RAN1 has agreed in RAN1#89 that SINR-like metric (such as hypothetical PDCCH BLER) will be used as a metric. 
When multi-beam is configured, beam-specific OSS and cell-specific OOS can be considered. As OOS involves quite time consuming L3 procedures, the OOS event should not be triggered frequently; and it would be more desirable if L1/L2 beam failure procedures can handle beam-level failure quickly. Hence, it is preferred to allow only cell-specific RLF indications in NR. 
Cell-specific OOS can be determined from measurement results on multiple beams. A simple test could be devised for determining cell-specific OOS. If the SINR like metrics measured from all the beams indicate that SINR is too low to decode PDCCH, cell-specific OOS can be declared. 
When the two types of RS are supported for RLM as in our proposal in Section 2.1, it would be an open question how to derive the cell specific OOS decision using potentially two different sets of measurement results. As discussed in Section 2.1, the beam characteristics of the two types of RS can be determined by network implementations, and it would be problematic to allow UE to mix the measurement results. Hence, it is proposed that UE shall make a cell-specific OOS decision relying on a single type of RS. The single type of RS to be used for the RLM can be configured by RRC. 

Proposal 2: Only cell-specific RLF indications are supported in NR. No beam-specific RLF indications should be supported
Proposal 3: Cell-specific OOS is determined when all the configured beams fail to meet the SINR requirement. 
Proposal 4: A single type of RS is configured to be used for RLM measurements and indications. 
Necessity of Aperiodic IS indication
[bookmark: _GoBack]In RAN1#89, aperiodic IS indication was discussed in conjunction with the beam failure procedures. When beam failure occurs, the UE is supposed to find a new candidate beam, and if a candidate beam is found, the UE has good chance to get signals from the network. Main motivation to introduce beam failure procedures is to have faster recovery than the L3 procedure of RLM, and hence, coupling L3 IS indication with the beam failure procedure seems to defeat the purpose of introduction of beam L1/L2 beam recovery procedure. Hence, it is not preferred to introduce aperiodic IS indication. 
Proposal 5: Aperiodic IS indication shall not be introduced in NR. 
Conclusions
The proposals of this contribution are re-collected below:
Proposal 1: Both CSI-RS and NR-SS are supported in NR as RLM RS. 
Proposal 2: Only cell-specific RLF indications are supported in NR. No beam-specific RLF indications should be supported
Proposal 3: Cell-specific OOS is determined when all the configured beams fail to meet the SINR requirement. 
Proposal 4: A single type of RS is configured to be used for RLM measurements and indications. 
Proposal 5: Aperiodic IS indication shall not be introduced in NR. 

