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Introduction

In LTE radio link monitoring (RLM), radio link failure (RLF) detection and radio link re-establishment procedure are defined [1][2]. In this contribution, we would like to have initial discussion on those aspects with relation to beam failure and recovery. 

Discussion
RLM and RLF handling in LTE

Figure1 shows brief inter-layer inter-actions and the corresponding UE procedures for RLM and RLF handling. L1 (PHY) periodically sends in-sync indication or out-of-sync indication to L3 (RRC). In-sync or out-of-sync is determined based on cell specific reference (CRS) channel quality and the associated hypothetical PDCCH block error ratio. If L3 receives N310 consecutive out-of-sync indications, timer T310 starts running to wait for RL recovery (i.e. N311 consecutive in-sync indications are received). If T310 expires, timer T311 starts to attempt RRC connection re-establishment. If T311 expires, the UE enters to idle state. 
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Figure1. LTE radio link failure handling
Considerations on NR RLM and RLF handling
At RAN2#95, it was agreed that L2 functions and RRC in LTE should be the baseline as the guideline for NR radio protocol design. And we think the following high-level principles inherited from LTE will be still beneficial and desirable even in NR. 
· Step1: RLM is done in L1 and L1 informs L3 of the result of RLM

· Step2: L3 runs timer T1 to wait for RL recovery upon RL problem detection

· Step3: L3 runs timer T2 to find out a suitable cell to attempt RRC connection re-establishment when RL is not recovered during T1

· Step4: L3 enters RRC idle state if cannot find out any suitable cell during T2

[Proposal1]: RAN2 is asked to agree the following high-level principles inherited from LTE. 

· Step1: RLM is done in L1 and L1 informs L3 of the result of RLM

· Step2: L3 runs timer T1 to wait for RL recovery upon RL problem detection

· Step3: L3 runs timer T2 to find out a suitable cell to attempt RRC connection re-establishment when RL is not recovered during T1

· Step4: L3 enters RRC idle state if cannot find out any suitable cell during T2

In NR, multi-beam operation becomes common especially for the high frequency band, so we think RLM and RLF should be studied with the relation to the beam-level failure and recovery. For instance, if the UE cannot find out any beam to be used for communication with the network among the configured beams during a certain period (we assume it would be a relatively short period), it can be considered as beam-level failure and beam-recovery procedure would be triggered. Also if the UE cannot find out any beam to be used for communication with the network among all possible beams even with the beam-level recovery procedure during a certain period (we assume it would be a relatively long period), it can be considered as RLF and finding out a suitable cell to attempt RRC connection re-establishment would be triggered. 
[Proposal2]: RLM and RLF should be considered with the relation to the beam-level failure and recovery. 
Regarding beam failure and recovery, RAN1 made the following agreements at RAN1#88 [3]: 
· 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: here the beam pair link is used for convenience, and may or may not be used in specification

· FFS: whether quality can additionally include quality of beam pair link(s) associated with NR-PDSCH

· FFS: when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition may declare beam failure 

· FFS: search space (UE-specific vs. common) of the associated NR-PDCCH

· FFS: signaling mechanisms for NR-PDCCH in the case of UE is configured to monitor multiple beam pair links for NR-PDCCH

· Exact definition of such threshold is FFS and other conditions for triggering such mechanism are not precluded

· The following signals can be configured for detecting beam failure by UE and for identifying new potential beams by UE

· FFS the signals, e.g., RS for beam management, RS for fine timing/frequency tracking, SS blocks, DM-RS of PDCCH (including group common PDCCH and/or UE specific PDCCH), DMRS for PDSCH

· If beam failure event occurs and there are no new potential beams to the serving cell, FFS whether or not the UE provides an indication to L3. 

· Note: the criterion for declaring radio link failure is for RAN2 to decide.

· FFS: The necessity of such indication

· NR supports configuring resources for sending request for recovery purposes in symbols containing RACH and/or FFS scheduling request or in other indicated symbols

· The following mechanisms should be supported in NR:

· The UL transmission to report beam failure can be located in the same time instance as PRACH:

· Resources orthogonal to PRACH resources 

· FFS orthogonal in frequency and/or sequences (not intended to impact PRACH design) 

· FFS channels/signals 

· The UL transmission to report beam failure can be located at a time instance (configurable for a UE) different from PRACH

· Consider the impact of RACH periodicity in configuring the UL signal to report beam failure located in slots outside PRACH

· FFS the signal/channel for the UL transmission

· Additional mechanisms using other channels/signals are not precluded (e.g., SR, UL grant free PUSCH, UL control)

For RLM, like LTE we assume periodic indication to inform in-sync and out-of-sync from L1 is also applicable. Based on RAN1 agreements, we assume out-of-sync indication will be generated “when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold” and otherwise in-sync indication will be generated. In addition since beam-recovery seems heavy and time consuming procedure and the channel condition can be highly fluctuated, it would be good not to trigger immediately when out-of-sync indication is generated. Like N310 in LTE, we may consider a configured number of out-of-sync indications before beam recovery is triggered. We think it is similar to how LTE RLM works and it is also flexible (e.g. if the network configures the number as 1, it will be anyway same as beam-recovery is triggered immediately after single out-of-sync indication). Of course it can be done in L1 (e.g. by keep the records on how many out-of-sync indications were generated), however we think simple L1 operation is more desirable (e.g. just periodically checks in-sync and out-of-syncs and informs L3) and anyway this RLM will be there for RLF declaration and handlings so nothing new is actually added. 
[Proposal3]: Periodic in-sync and out-of-sync indication from L1. 

[Proposal4]: Out-of-sync is informed “when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold” and in-sync is informed otherwise. 

[Proposal5]: L3 triggers beam recovery procedure to L1/L2 when a configured number (e.g. N310) of out-of-sync indications are received from L1. 
With the above proposals, figure 2 shows brief inter-layer interactions and the corresponding UE procedures for beam failure declaration, triggering of beam recovery, RLF declaration and handlings. 


[image: image2.emf]L3

L1

I

n

-

s

y

n

c

O

u

t

-

o

f

-

s

y

n

c

O

u

t

-

o

f

-

s

y

n

c

O

u

t

-

o

f

-

s

y

n

c

O

u

t

-

o

f

-

s

y

n

c

ĔĔ 

I

n

-

s

y

n

c

N310 (e.g. 3) 

consecutive out-

of-sync 

T310 starts

T310 expires 

& T311 starts

T311 expires & go 

to RRC idle state

Waiting for 

RL recovery

Waiting for finding out a  suitable cell to attempt RRC 

connection re-establishment

If no N311 consecutive 

in-sync indications

T

r

i

g

g

e

r

i

n

g  

o

f

 

b

e

a

m

 

r

e

c

o

v

e

r

y


Figure1. Beam failure declaration, triggering of beam recovery, RLF declaration and handlings for NR
In dual-connectivity with the multiple serving cells, we can take further optimizations into account. The key difference with NR compared to LTE is that we may support the routing of SRBs over MCG and SCG (including the possibility where a single RRC message can be routed over both MCG and SCG). In this case unless the condition to declare RLF is met for both PCell and PSCell, it should be better not to trigger RRC connection re-establishment procedure. Instead if only either PCell or PSCell meets the condition to declare RLF, it will be better to inform the network of this status in order to do proper reconfiguration. 

[Proposal6]: In dual-connectivity that supports the routing of MCG SRBs over MCG and SCG, RRC connection re-establishment is not triggered unless the condition to declare RLF is met for both PCell and PSCell. 
Conclusions

We saw LTE RLM and RLF handling and how NR RLM and RLF handling would be. As a result, we made the following proposals. 

[Proposal1]: RAN2 is asked to agree the following high-level principles inherited from LTE. 

· Step1: RLM is done in L1 and L1 informs L3 of the result of RLM

· Step2: L3 runs timer T1 to wait for RL recovery upon RL problem detection

· Step3: L3 runs timer T2 to find out a suitable cell to attempt RRC connection re-establishment when RL is not recovered during T1

· Step4: L3 enters RR idle state if cannot find out any suitable cell during T2

[Proposal2]: RLM and RLF should be considered with the relation to the beam-level failure and recovery. 
[Proposal3]: Periodic in-sync and out-of-sync indication from L1.
[Proposal4]: Out-of-sync is informed “when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold” and in-sync is informed otherwise. 

[Proposal5]: L3 triggers beam recovery procedure to L1/L2 when a configured number (e.g. N310) of out-of-sync indications are received from L1. 
[Proposal6]: In dual-connectivity that supports the routing of MCG SRBs over MCG and SCG, RRC connection re-establishment is not triggered unless the condition to declare RLF is met for both PCell and PSCell. 
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