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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 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 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 or DMRS for PDCCH periodically just for the purpose of monitoring PDCCH reliability for radio link monitoring purpose can cause unnecessary overhead.
[bookmark: _GoBack]Based on the discussion above, it is desirable to measure the radio link quality based on certain guaranteed periodic reference signals. In the Control REsource SET (CORESET), reference signal will be transmitted for PDCCH. For example, for the CORESET that is used to transmit common/broadcast PDCCH, there can be control RS transmitted for multiple purposes, including DMRS for PDCCH decoding, to aid frequency/phase tracking, etc. If RS transmission in the common CORESET is frequent enough, it can also be considered for the radio link monitoring.
Another thing to note that, synchronization signal, i.e. NR-SSS, can be used for both the IDLE and CONNECTED mobility RRM measurement. It is still up for decision whether PBCH DMRS will be used for the measurement as well. Similarly, NR SS block, including NR-SSS and potentially PBCH DMRS, can also be considered for the radio link monitoring purposes.
In addition, CSI-RS can be configured for the CONNECTED UE to achieve finer beam tracking. The configured CSI-RS can be a reliable source for radio link monitoring, in terms of smaller periodicity, large bandwidth, etc. If that is the case, CSI-RS can also be considered for RLM. Meanwhile, TRS (tacking RS) can also be design in order to facilitate the various tracking requirements from the UE, such as frequency, timing tracking, doppler, delay spared estimation etc. This signal can also be considered for RLM.
Nevertheless, UE will be required to have guaranteed periodical signals for the purpose of RLM, which can reflect the DL control channel reliability. It is important to note that it is essential for NW to guarantee the transmission of reference signals for RLM as per configuration that UE assumes. If there is any uncertainty on the transmission of reference signals for RLM, UE cannot distinguish between the blanked reference signal and very low quality reference signal. Therefore, UE may not be able to tell the low radio link quality reliably, which defeats the purpose of RLM.
Proposal 2: NR supports reference signals for radio link monitoring purpose. UE shall assume the transmission of periodic RS for RLM. Which RS, the periodicity and configuration of RS for RLM is FFS.
Proposal 3: The following RS can be considered as a candidate RS for radio link monitoring measurement, (1) Common RS in the common CORESET (2) NR SS block, i.e. NR-SSS potentially combined with PBCH DMRS (3) CSI-RS (4) TRS
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 4: LTE Radio Link Failure triggering procedure can be a starting pointing for NR radio link monitoring design
However, when multiple beam sweep is needed, especially for mmW deployment, we also need to differentiate the beam failure vs radio link failure. Assume that UE selects a beam, due to the blocking of the beam, UE may lose the beam before UE can track to the other alternative beam. In this case, beam recovery procedure is needed for UE to acquire the appropriate beam again. Under this case, even though UE loses the current beam it is using, there could still be other beams strong enough within the same cell. Hence, radio link failure can be treated differently compare to the beam failure. In other words, radio link failure means among all the beams, none of the beam can provide reliable enough DL control for UE. 
Proposal 5: Radio Link Failure can be designed separately from beam failure or beam recovery.
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: NR supports reference signals for radio link monitoring purpose. UE shall assume the transmission of periodic RS for RLM. Which RS, the periodicity and configuration of RS for RLM is FFS.
Proposal 3: The following RS can be considered as a candidate RS for radio link monitoring measurement, (1) Common RS in the common CORESET (2) NR SS block, i.e. NR-SSS potentially combined with PBCH DMRS (3) CSI-RS (4) TRS
Proposal 4: LTE Radio Link Failure triggering procedure can be a starting pointing for NR radio link monitoring design
Proposal 5: Radio Link Failure can be designed separately from beam failure or beam recovery.
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