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1 Introduction

In RAN1 NR AH#2, the following was agreed for RLM:

· The RS used for RLM should have following properties 

· Periodic transmission with short enough periodicity

· Wideband transmission relative to bandwidth of active bandwidth part

· Supporting both single beam and multi-beam operations

· Representing control channel quality

· Both CSI-RS based RLM and SS block based RLM are supported

· FFS: whether or not only a single type of RS is configured to UE for RLM at a time
In RAN1#89, the following was agreed on RLM/RLF:
Agreements (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.
Furthermore, the following was agreed regarding RLM in RAN4 NR AH #2 [1]:

· RAN4 to study RLM for a single beam/no beam and for multiple beams, based on:
· SS blocks
· CSI-RS
· FFS (pending RAN1 decision): SS blocks and CSI-RS
· General assumptions (Just for information):
· Carrier frequency
· <6 GHz range: 4 GHz
· >6 GHz range: 30 GHz
· Numerology
· <6 GHz range: 15 kHz and 30 kHz
· >6 GHz range: 120 kHz and 240 kHz
· Control channel subcarrier spacing is the same as for SS blocks used for RLM

· SS block configuration

· Number of SS blocks per SS burst set: 1 and K>1

· <6 GHz range: K=[4]
· >6 GHz range: K=[8]
· SS block periodicity
· 5ms, 10 ms, other additional periodicities are not precluded
· No SS block muting
· CSI-RS configuration has properties:
· Periodic transmission with short enough periodicity

· Wideband transmission relative to bandwidth of active bandwidth part

· Control channel configuration  (Just for information):
· Number of symbols

· 1, 2, and 3 depending on bandwidth

· Control channel BW configuration

· minimum control channel BW ([25 RBs])

· at least one bandwidth larger than the minimum control channel BW

· Control channel frequency location

· Overlapping with the SS block bandwidth

· Non-overlapping with SS block bandwidth

· Performance metrics  (Just for information):
· in-synch threshold is derived based on BLER=2% for hypothetical control channel

· out-of-synch threshold is derived based on BLER=10% for hypothetical control channel
· Other hypothetical BLER is not precluded.
· The evaluation focuses on eMBB scenarios.
· Interested companies are invited to provide input to progress the work on RLM including detailed simulation assumptions.
In this contribution, we further discuss RLM framework in RAN4.
2 Discussion
In NR, RLM and RLF are to be specified for PCell (SA NR operation) and PSCell (NSA and SA NR operation). In the NR RLM procedure, physical layer will likely provide per-cell out-of-sync/in-sync indication, for a single- and multi-beam operations.

based on a single or multiple beam measurements reflecting control channel quality.

Among the practical aspects which need to be studied in RAN4 for RLM are:
· When RLM is based on SS blocks, how to relate the SS block based measurements with the actual control channel quality, e.g., accounting for 
· bandwidth difference and the different location in frequency which is particularly crucial when the channel bandwidth is large which may be up to 400 MHz in NR,

· CQL/non-QCL assumption between SS block transmission and control channel transmission;
· Whether the difference in numerologies of the signals used for RLM and the actual control channel have impact on RLM, in which case there may be numerology specific set of control channel parameters as well as the same measurement may map to different control channel quality depending on whether the numerologies are the same or different;
· Whether any additional requirements are needed for multi-beam  RLM operation, compared to a single-beam RLM operation;
· Whether any periodicity is suitable for RS used for RLM, and if not then what is the maximum suitable periodicity.
· Observation 1: RAN4 needs to study how to relate the SS block based cell quality metric with the actual control channel quality.
· Observation 3: For SS block based RLM, RAN4 needs to study both scenarios when the SS block numerology and the actual control channel numerology are the same or different in which case the hypothetical control channel numerology needs to follow the actual control channel numerology. 
· Observation 3: RAN4 needs to study whether there is a difference for RLM in a single-beam and multi-beam scenarios.

· Observation 4: Not all signal periodicities may be suitable for RLM

· Proposal 1: RAN4 conducts the studies to address Observations 1-4.
In RAN1, it is FFS whether or not only a single type of RS is configured to UE for RLM at a time.
· Proposal 2: RAN4 prioritizes studies for a single type of RS used for RLM, which can be SSS or CSI-RS.
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