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Introduction
During RAN1 NR discussion so far, there are many agreements being made that are relevant to mobility RRM [1, 2]
	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



In additional to the RRM measurement for both IDLE and CONNECTED state UE, another important aspect is radio link monitoring. For UE supervision procedure, UE needs to perform radio link monitoring to track the radio link quality, such that if Radio Link Failure (RLF) is detected, UE can take appropriate actions to recover the connection.

In RAN1 #89 meeting, the following agreement has been made for RLM [3]

	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 aspects regarding radio link monitoring for NR.
Measurement Signals for Radio Link Monitoring
Radio link quality has been tied to DL control channel performance in previous generation RAT including LTE. The same philosophy can be adopted for NR. 
Proposal 1: The radio link quality is associated with the reliability of NR DL control channel, i.e. NR-PDCCH
On the other hand, due to the lack of CRS in NR, there is no always ON direct reference signal (RS) to represent NR-PDCCH performance. In practice, UE DL data can be sporadic, hence UE may not have persistent observation of DL control channel performance. Moreover. it could be hard for UE to know whether NW is transmitting PDCCH or not in order to derive PDCCH reliability. On the other side, to request NW to transmit PDCCH periodically for reliability measurement can cause unnecessary overhead.
Based on the discussion above, it is desirable to measure the radio link quality based on certain guaranteed periodic RS. Before we discuss what type of RS should be used for radio link monitoring, it is important to first discuss the general requirement for the RS that is used for radio link monitoring. Below is the requirement of RS for radio link monitoring purpose
1. The existence, i.e. periodicity, of the RLM RS should be guaranteed. 
In LTE, two successive In-Sync or Out-of-Sync indications will be separated by at least a maximum of either 10 ms or the DRX cycle length. This implies that RS periodicity around 10ms or DRX cycle if it is longer than 10ms is enough for the RLM purpose. This could serve as the design guideline for NR, i.e. the RS used for NR RLM should have periodicity on the order of 10-20ms

2. RLM RS should closely reflect the decoding performance of PDCCH, which implies that  
a. RLM RS should be transmitted from the same port (QCL) as PDCCH
b. Measurement based on RLM RS should also reflect the interference experienced by the PDCCH
c. It is preferable to have single port RLM RS similar as the PDCCH

3. Minimize RLM RS overhead, or aim to reuse the RLM RS for multiple purposes.

With the above requirement in mind, we discuss the 5 options proposed in the agreement in RAN1 #89 meeting
· Opt.1: CSI-RS
Pros: During the NR design discussion, CSI-RS can be designed or configured for many different purposes, such as CSF, beam management, RRM measurement, etc. Therefore, NW can configure CSI-RS QCL with PDCCH to reflect the channel quality of PDCCH, the CSI-RS can also be configured with different periodicity or in a UE specific way. Another advantage is that CSI-RS typically can have less density compared to RS like DMRS. As results, using CSI-RS for RLM RS may incur less RLM overhead. 
Cons: CSI-RS may not directly reflect the interference that PDCCH is experiencing. To resolve this issue, either NW can carefully schedule the CSI-RS transmission to mimic the interference experienced during PDCCH transmission, or some low density IMR tones can be configured for UE to have more accurate interference estimation. Also for the CSI-RS configured as RLM RS, CSI-RS should have guaranteed existence with periodicity on the other of 10-20ms/.


· Opt.2: DMRS for NR-PDCCH in C-SS
Pros: Common Search Space (C-SS) can be used to deliver RMSI and OSI. RMSI is similar to LTE SIB1 and SIB2, while OSI is similar to LTE SIB3 to SIB 13. Even though periodicity of RMSI is not decided yet, it is reasonable to expect similar periodicity of RMSI as for SIB1/2. In LTE, SIB1 is transmitted every 20ms (with periodicity of 80ms). From the periodicity perspective, it potentially can meet the requirement for RLM RS. Naturally, it provides the reuse of RS which saves overhead. Last but not the least, clearly DMRS closely reflect the decoding performance of PDCCH.
[bookmark: _GoBack]Cons: The periodicity of the guaranteed DMRS in C-SS is unknown. If the periodicity is large, e.g. RMSI is transmitted with long periodicity, then to ensure reliably RLM and prompt RLF triggering, more frequent DMRS could be needed which incur additional overhead. Another concern is that interference observed from DMRS for NR-PDCCH in C-SS can be persistence especially in a synchronous deployment where all the cells transmit RMSI/OSI at the same time. Another concern is that for CA, SCG may not have SI transmitted hence may not have frequent enough DMRS for NR-PDCCH in C-SS. 

· Opt.3: DMRS for NR-PBCH
· Opt.4: NR-SSS
Opt. 3 is very similar as Opt.4 as it is already agreed that NR-PBCH and NR-SSS are always transmitted together, single port and use the same port
Pros: Both NR-SSS and NR-PBCH come with fixed periodicity. If NW does not configure the periodicity, it will be 5ms for IDLE and CONNECTED UE. Otherwise, NW will provide assistance by informing the UE the measurement window and the periodicity. NR-PBCH and NR-SSS can be configured to have the same port as NR-PDCCH.
Cons. Both DMRS and NR-SSS may not accurately reflect the interference experienced by NR-PDCCH interference. In a synchronized NW, measurement based on NR-SSS or DMRS for NR-PBCH will consistently observe the same interference from the neighboring cell which may not reflect the interference observed by NR-PDCCH. It is also important to note that, for IDLE and CONNECTED UE, NW can configure longer SS burst set periodicity than the default 20ms periodicity for UE in initial access, i.e. 40ms, 80ms, 160ms. As discussed before, RLM RS needs to have guaranteed existence, with periodicity on the order of 10-20ms. If NR-SSS is chosen to be RLM RS, the periodicity of NR-SS burst set should not be lower than 20ms. 

· Opt.5: RS for time/frequency tracking (if separate RS from above is defined for time/frequency tracking)
Pros: If tracking RS is designed for NR, then it can be configured with both the same port as PDCCH and with dense enough periodicity, this allows the reduction of RLM RS overhead by reusing the tracking RS.
Cons: Tracking RS may not reflect the interference experienced by NR-PDCCH. In addition, tracking RS can also be part of Opt1. or Opt2. For example, tracking RS can be part of the configured CSI-RS. 

The design of the RLM RS should jointly consider many difference aspects 
Proposal 2: Choice of RLM RS should consider the following aspects
· RLM RS should be QCL with NR-PDCCH to reflect the channel experienced by NR-PDCCH
· UE should be able to estimate the interference level experienced by NR-PDCCH
· RLM RS should have guaranteed existence with lower enough periodicity, i.e. 10-20ms or DRX cycle if DRX cycle is longer than 10-200ms
· Consider reuse RLM RS for other purposes to reduce overhead, i.e. beam management, tracking RS, etc.
Radio Link Failure Procedures
Regarding the procedure for UE to trigger radio link failure, LTE design can be a good starting point for NR 
Essentially, NR could also configure two threshold Qin and Qout associated with different control channel, i.e., NR-PDCCH, reliability requirement. 
1. If based on UE measurement, the downlink radio link quality estimated is lower than Qout, L1 can trigger the Out-of-Sync indication
2. If based on UE measurement, the downlink radio link quality estimated is higher than Qin, L1 can trigger the In-Sync indication
3. After a number, i.e. N310, of Out-of-Sync, is received from L1, then a timer, i.e. T310, can start
a. Before the expiration of T310, if a certain number, i.e. N311, of In-Sync indicators, is received, a Radio Link Failure is not declared.
b. Otherwise, Radio Link Failure is declared at the expiration of T310,

Once an RLF has been declared, UE will initiate the RRC connection re-establishment procedure
Proposal 3: LTE Radio Link Failure triggering procedure can be a starting pointing for NR radio link monitoring design
In RAN1#89, it has been agreed that L1 provides at least periodic IS/OOS indication and to study the possibility of additional aperiodic IS indication, e.g., based on beam failure recovery mechanism. In multi-beam operation, a UE detects failure of active PDCCH beam by monitoring a DL RS QCLed with PDCCH. When this occurs, network cannot reach the UE. Now, UE selects a beam from the candidate set to transmit beam failure recovery request to the gNB. If a response is not received, then UE retransmits up to a maximum number of attempts following which it may send an indication to upper layers.  On the other hand, if UE receives a response then NW and UE may use the newly identified beam for subsequent transmissions. 
In essence, beam failure recovery procedure: (1) performs recovery of active PDCCH beam when a failure is detected; (2) and ensures both DL and UL are functional as it involves message exchanges on DL and UL between UE and gNB.  
While RLM based periodic IS/OOS captures DL quality of multiple beams in a cell it may not be sufficient for RLF operation for following reasons:
· The beams configured for RLM may be different from the candidate beams for beam failure recovery procedure. 
· For example, RLM may monitor reference signals that are QCLed with PDCCH C-SS while beam recovery procedure may monitor reference signals that are QCLed with PDCCH U-SS. The type of reference signals/beamforming gains may result in mismatch in coverage. 
· In the above scenario if PDCCH U-SS performance is good while PDCCH C-SS is poor then RLM may send OOS indications to upper layers. This may unnecessarily trigger RLF. 
· On the other hand, if the PDCCH U-SS performance degrades quickly and there are no suitable beams in the candidate beam set then UE may wait until N 310 OOS indications to start the T 310 timer. This may unnecessarily delay the RLF.  

· Monitoring DL quality of beams for RLM does not provide indication of UL issues. With RLM based IS/OOS indications UE determines if the network can reach on the DL beam. When UL and DL beams are decoupled, for e.g., beam correspondence or signal blockage in UL issues cannot be determined by monitoring just the DL quality. In such a scenario beam failure recovery procedure captures quality on both UL and DL directions.        

Although RLM and beam failure recovery procedures may serve different purpose, it is critical that RLF procedure takes inputs from both RLM and beam failure recovery procedures.   
Proposal 4: In addition to RLM based IS/OOS, beam failure recovery procedure can provide periodic/aperiodic IS and OOS indications to upper layers for the RLF procedure.
Conclusions
This contribution has provided our view on the radio link monitoring procedures. The following proposals have been made:
Proposal 1: In Idle/RRC connected inactive/RRC connected active states, cell detection and measurements are based on cell-specific PSS and SSS for both the serving cell and neighboring cells.
Proposal 2: Choice of RLM RS should consider the following aspects
· RLM RS should be QCL with NR-PDCCH to reflect the channel experienced by NR-PDCCH
· UE should be able to estimate the interference level experienced by NR-PDCCH
· RLM RS should have guaranteed existence with lower enough periodicity, i.e. 10-20ms or DRX cycle if DRX cycle is longer than 10-200ms
· Consider reuse RLM RS for other purposes to reduce overhead, i.e. beam management, tracking RS, etc.

Proposal 3: LTE Radio Link Failure triggering procedure can be a starting pointing for NR radio link monitoring design
Proposal 4: In addition to RLM based IS/OOS, beam failure recovery procedure can provide periodic/aperiodic IS and OOS indications to upper layers for the RLF procedure.
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