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1 Introduction

In 3GPP TR 38.802, RAN1 specified the following paragraph to define RSs for CONNECTED mode RRM measurement for L3 mobility. 

	6.2.3.2
Mobility

For RRM measurement in NR, DL measurement is supported with the consideration on both single-beam based operation and multi-beam based operation. NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE. Note that IDLE mode refers to a UE state similar to LTE IDLE state, whose exact definition is up to RAN2 and CONNECTED mode refers to a UE state similar to LTE CONNECTED state, whose exact definition is up to RAN2. Also, note that cell refers to NR cell which is tied to a same ID carried by NR-SS. At least NR-SSS is used for DL based RRM measurement for L3 mobility in IDLE mode. For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS. Detection of neighbor cell for measurement is based on NR-SS.
Adaptation and network indication of the valid time and frequency resources are supported which may be used for inter-/intra-frequency RRM measurements and reports for ‘CONNECTED’ mode UEs. 

RSRP(s) can be measured from the IDLE mode RS. One RSRP value is measured from the IDLE mode RS per SS block. The measured values are referred to “SS-block-RSRP”. It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode. 
At least one of cell-level and beam-level measurement quantities is supported for RRM reporting.


This also describe on the beam failure.

	NR supports that UE can trigger mechanism to recover from beam failure. Beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer). Mechanism to recover from beam failure is triggered when beam failure occurs. Note that here the beam pair link is used for convenience, and may or may not be used in specification. Network explicitly configures to UE with resources for UL transmission of signals for recovery purpose. Configurations of resources are supported where the base station is listening from all or partial directions, e.g., random access region. The UL transmission/resources to report beam failure can be located in the same time instance as PRACH (resources orthogonal to PRACH resources) or at a time instance (configurable for a UE) different from PRACH. Transmission of DL signal is supported for allowing the UE to monitor the beams for identifying new potential beams.


Even this TR addresses only for L3 mobility and RRM, radio link problem detection by RLM operation must be derived from those reference signals too. Therefore, we discuss on the possible RS variations affecting the RLM and corresponding RLF operation. 
2 Radio link monitoring in mmW systems
In the NR system using above-6 frequency band, analog BF is expected to be used for compensating the path loss. In that case, reference signal is carried in a specific TX beam from eNB at either different time or partially overlapped time, and therefore the measurement of all RSs at UE should be done in a sequential manner. And this intrinsically incurs a delay of full measurement on whole TX-RX beam pair. 
The possible variations of assessing the radio link quality for RLM is dependent on 1. which RS is used, 2. how these RS measurement combined 3. when this measurement result is indicated 4.to whom in the upper layer.

2.1 Variations of RS for measurement 
In the frame structure, BRS (we regard always on RS i.e., NR-SS as BRS here) slots might not occur frequent enough to get the sound statistics on beam quality since this can be regarded as a system overhead in the data throughput perspective. In other words, the number of measured value for each TX-RX pair might not be enough to assess the radio link quality due to the limited amount of RS for measuring. Therefore, there might need a compensation method for insufficient BRS situation. The other kinds of RS can be used or reused for beam measurement. 
As an example, RS in a scheduled beam (we regard CSI-RS as scheduled beam here) can be considered. The original objective of these RSs might not the genuine beam measurement, however to nourish the collection of measurement samples these RSs can be reused. Each RSs can have different property on being used as a measurement source. Please see the following Figure 1.- 2. We illustrated BRS as some beam formed case but this is not determined i.e., BRS might be transmitted omni-directional too.
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Figure 1BRS measurement
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Figure 2 BRS and RS in Scheduled beam

BRS might be fixed in the frame structure periodically. And every UE knows the position in the time and frequency domain. RS in a scheduled beam can be varied for every TTI since these are scheduled like the scheduled UEs. BRS can have fairness for all UEs (i.e., given to the all UE in all time) while other RS has unfair properties. However, if UE needs the enough measurement results and there is not much BRS slots, then using whichever RS is beneficial to get the sound measurement result.
2.2 Variations of combination 
Using the RS source above mentioned, UE can calculate the out-of-sync (OOS) / or In-sync (IS) metric. If either BRS or scheduled beam RS only is used, linear combination such as sum, average or weighted sum can be used for each obtained samples. However, combination of BRS and scheduled beam RS might need different calculations according to the objective of RLM. 
2.3 Beam failure

As in LTE, out-of-sync means the control channel has not satisfy a given link quality in a cell even using hypothesis measurement of CRS. However in NR beam does not means the cell and it is rather a sub unit. So it is wonder if beam failure means cell level failure. Since the result of RLF would be to access to a (new) cell not a beam in NR, we need to know the beam failure is the same as cell level failure.
Based on the above discussion, we need to know which RS can be used for RLM, and in which situation lower layer indicates the out-of-sync/In-sync. Based on this, we can further consider the design of RLM and RLF which is main task of Layer 2/3.

Proposal 1. RAN2 sends LS to RAN1 to ask 

1. Which RS is used for radio link monitoring.
2. How this RS is used for radio link monitoring.

3. If beam failure means the same as out-of-sync in LTE
3. Conclusion

Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:

Proposal 1. RAN2 sends LS to RAN1 to ask 

1. Which RS is used for radio link monitoring.
2. How this RS is used for radio link monitoring.

3. If beam failure means the same as out-of-sync in LTE
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