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1. Introduction

According to RAN4 LS [1], RAN1 needs to decide/design the reference signal used for radio link monitoring (RLM) and to inform it to RAN4 by the end of June meeting. At the last RAN1 meeting, RAN1 made following agreements related to RLM and radio link failure (RLF) [2].
	Agreements:
· 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.


In this contribution, we discuss on the RLM and RLF in NR, including RS used for RLM and RLF procedure. 
2. Discussion
2.1. RLM and RLF in LTE
In LTE, the downlink radio link quality of the primary cell is monitored by the UE for the purpose of indicating out-of-sync/in-sync (OOS/IS) status to higher layers. The RLM is based on the cell-specific reference signal (CRS) in LTE. UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin. The thresholds are related to block error rate (BLER) of a hypothetical PDCCH transmission from serving cell. Specifically, Qout corresponds to 10% BLER while Qin corresponds to 2% BLER of a hypothetical PDCCH transmission.
Figure 1 shows the two phases of RLF mechanism, including RLF detection and RRC recovery procedure. In LTE, the first phase of RLF detection is supported for PCell and PSCell. UE does not monitor the RLF of SCells. RRC re-establishment is triggered when PCell experiences RLF. When RLF is detected on PSCell, UE informs RLF of PSCell to the MeNB and re-establishment is not triggered.
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Figure 1: RLF mechanism in LTE
Figure 2 shows the detailed RLF detection procedure based on OOS/IS indications. If L3 receives N310 consecutive OOS indications, T310 timer will start. Before expiry of T310, if L3 receives N311 consecutive IS indications, T310 stops. Otherwise, UE detects RLF if T310 expires.
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Figure 2: RLF detection in LTE

2.2. RS used for RLM in NR
2.2.1. Requirements of RS used for RLM in NR
Since RLM should be a periodic procedure to check connection availability with serving PCell/PSCell, RS used for RLM should be periodically transmitted even when there is no scheduling DCI transmission and/or data transmission from gNB at a certain moment. The wideband RS transmission would be required for RLM as different UEs may have different bandwidth capabilities and may have different active bandwidth parts within wideband carrier. In addition, the RS for RLM should have sufficient RE density within one-shot transmission to derive accurate SINR-like metric. At the last RAN1 meeting, it was agreed that IS and OOS indications are based on SINR-like metric. Based on RLM, connection with serving PCell or PSCell can be considered as available when transmission of NR-PDCCH (and possibly NR-PDSCH) with the most robust setting can achieve a certain quality e.g., below a certain target BLER.  For example, similar to LTE, UE checks whether RS reception quality is enough to achieve target NR-PDCCH BLER performance or not. Therefore, some relationship (e.g., QCL) between RS for RLM and PDCCH is necessary since SINR-like metric should represents whether UE can receive PDCCH or not.
Proposal 1: The RS used for RLM would need to have following properties:

· Periodic transmission
· Wideband transmission
· Sufficient RE density within one-shot transmission
· QCL with PDCCH
Different from LTE, NR introduces multi-beam operation in addition to single-beam operation. Hence, RAN1 should consider a common RLM/RLF scheme for both single beam operation and multi-beam operation. 
2.2.2. Analysis of candidate RLM RS
At the RAN1#89 meeting, several candidates RSs were proposed for RLM. In this section, we’d like to discuss on the possible pros/cons of each candidate RLM RS.

· Opt.1: CSI-RS
CSI-RS for RRM measurement can be configured to UE in connected mode. It can be periodic as agreed in last RAN1 meeting and basically in multi-beam scenario, CSI-RS for RRM would be transmitted with beam sweeping so that it covers whole cell area for mobility. CSI-RS could also be transmitted in wideband as argued in [3]. Thus, CSI-RS is a good candidate considering the wideband transmission, periodicity, RS density and multi-beam scenario. 
· Opt.2: DMRS for NR-PDCCH in C-SS
DMRS for NR-PDCCH could well reflect the downlink control channel quality as UE would assume the same precoding operation for PDCCH and its DMRS. However, in order to utilize DMRS for NR-PDCCH in RLM, DMRS needs to be transmitted periodically even when there is no downlink control information to be transmitted at a certain moment. In addition, how to set and how to utilize the common search space have not been clear yet. 
· Opt.3: DMRS for NR-PBCH
If DMRS for NR-PBCH in SS block signals is used for RLM in NR, it is efficient in terms of RS overhead for the NR system. However, it was agreed that SS block can be configured to have long periodicity for power saving of gNodeB. If signal(s) in SS block needs to be used for RLM, such long periodicity seems not applicable. There are other limitations of SS block signals such as frequency bandwidth/location, beam pattern and so on since SS block signals are designed for other primary functionalities. Besides, the SINR of SS block may not correctly reflect the channel condition for downlink control channel in synchronization networks since SINR of SS block may reflect the interference from SS blocks of neighbor cells while downlink control channel transmission may suffer from other interference. 
· Opt.4: NR-SSS
Similar as Opt.3, NR-SSS is not a good candidate for RLM due to limitation of frequency bandwidth/location, beam pattern, SINR accuracy and so on.
· Opt.5: RS for time/frequency tracking 
Considering the commonality of the requirement for time/frequency tracking, e.g., the periodic and wideband transmission, applying the same RS for both RLM and time/frequency tracking may be possible. But the detailed RS design for time/frequency tracking has not been clear yet.
Based on the discussion above, we think Opt. 1/2/5 could be candidate RS used for RLM. Considering the deadline for RLM RS decision, we think Opt.1 (CSI-RS) can be considered as RLM RS baseline at least for further investigation at RAN1 and RAN4. As long as SINR-like metric derived by RS other than CSI-RS can also represents whether or not UE can receive PDCCH, it may be possible to support multiple options for RLM RS. 
Proposal 2: CSI-RS should be considered as RLM RS baseline at least for further investigation/evaluation at RAN1 and RAN4.

· Following other candidate RS can also be studied once RS design details are clarified/decided
· DMRS for NR-PDCCH in C-SS

· RS for time/frequency tracking
2.3. RLF procedure in NR

In LTE, whether to send OOS/IS indications from L1 to L3 is based only on hypothetical quality of PDCCH. In NR, the condition to send OOS/IS indications for RLF should also be discussed. In single beam scenario, the condition may be based only on L3 RLM result since L1 beam failure detection and recovery mechanism may not be necessary/available in such scenario. For multi-beam scenario, the relationship between L3 RLM/RLF and L1 beam failure detection/recovery should be discussed, and following options can be considered.

· Option 1: based on L3 RLM result only
In this option, L3 RLM and L1 beam failure detection/recovery mechanism are separately performed. As described above, if L1 beam failure detection/recovery mechanism is only for multi-beam scenario, this option can achieve common RLM procedure between single-beam and multi-beam scenarios. However, even in this option, parameter setting and condition should be carefully designed so that RLF is not declared to L3 when L1 beam recovery mechanism can solve beam misalignment issue within a certain time duration.
· Option 2: based on L1 beam failure detection result only
In multi-beam scenario, if the RS used for L1 beam failure detection/recovery is the same as RS used for L3 RLM, the L1 BPL monitoring results, including beam failure detection and new candidate beam identification, could be reused for IS/OOS status determination for RLF. In that case, it may be easier to coordinate L1 beam failure detection procedure and L3 RLF procedure.

· Option 3: based on RLM result and L1 beam failure detection result simultaneously
In this option, IS/OOS status is defined based on both L3 RLM result/condition and L1 beam failure detection/recovery result/condition. Even if separate RS is used between L3 RLM and L1 beam failure detection, OOS indication would be reported to L3 only when both procedure cannot identify other candidate beam in the same cell. However, it may be complex procedure for UE.

· Option 4: based on either RLM result or L1 beam failure detection result

In this option, different from option 3, either L3 RLM result/condition or L1 beam failure detection/recovery result/condition can trigger IS/OOS indication. RRC signaling could configure RLF detection based on RLM result and L1 beam failure detection result separately. Similar as Option 1, we should carefully consider the parameter setting and condition between L3 RLM and L1 beam failure detection. 
Based on the discussion above, we think further study on above options is necessary.
Proposal 3:

· Following aspects should be studied for RLM in NR.
· Whether L1 beam failure detection/recovery mechanism is performed even in NR cell with single beam operation or not
· What is IS/OOS indication condition in single beam and multi beam scenarios
· Option 1: based on L3 RLM result
· Option 2: based on L1 beam failure detection/recovery result
· Option 3: based on L3 RLM result and L1 beam failure detection/recovery result
· Option 4: based on L3 RLM result or L1 beam failure detection/recovery result
3. Conclusion 

In this contribution, we discussed on the RLM and RLF in NR, including RS used for RLM and RLF procedure.  We made following proposals.
Proposal 1: The RS used for RLM would need to have following properties:

· Periodic transmission
· Wideband transmission

· Sufficient RE density within one-shot transmission
· QCL with PDCCH

Proposal 2: CSI-RS should be considered as RLM RS baseline at least for further investigation/evaluation at RAN1 and RAN4.

· Following other candidate RS can also be studied once RS design details are clarified/decided
· DMRS for NR-PDCCH in C-SS

· RS for time/frequency tracking
Proposal 3:

· Following aspects should be studied for RLM in NR.
· Whether L1 beam failure detection/recovery mechanism is performed even in NR cell with single beam operation or not
· What is IS/OOS indication condition in single beam and multi beam scenarios
· Option 1: based on L3 RLM result
· Option 2: based on L1 beam failure detection/recovery result
· Option 3: based on L3 RLM result and L1 beam failure detection/recovery result
· Option 4: based on L3 RLM result or L1 beam failure detection/recovery result
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