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1 Introduction

In the previous RAN2 Ad-Hoc and RAN1 Ad-Hoc meetings, RAN2 and RAN1 had the following agreements: 
Agreements

1:
RAN2 understand that beam failure recovery (L1 or MAC) and RLF (RRC) are performed in different layers. 

=>
RAN2 will discuss again when RAN1 have provided more information on beam recovery.

	Agreements:

· RAN1 agrees that the certain number of beam failure recovery request  transmissions is NW configurable by using some parameters

· Parameters used by the NW could be:

· Number of transmissions

· Solely based on timer

· Combination of above

· FFS: whether beam failure recovery procedure is influenced by the RLF event
Agreements:

· In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery

· Relationship between RLF and unsuccessful beam failure recovery indication (if any) e.g. whether beam failure recovery procedure influences or is influenced by the RLF event

· Send LS to inform RAN2 – to be done next meeting
Agreements:
· NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures. 
· Example 1: aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310
· RAN2 can decide specific procedure
· Example 2: aperiodic indication(s) based on failure of beam recovery procedure
· How to use aperiodic indication can be decided in RAN2
· FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used


Since the design of RLF procedure is RAN2 responsibility, we would like to discuss the NR RLF procedure related with beam recovery here. 
2 Considered Radio Link Failure procedure
The RLF procedure is to determine whether there is radio link problem and to trigger RRC connection reestablishment, and state transition to IDLE mode. As in another contribution [R2-1709020], we consider the NR RLF procedure to be the same as the LTE RLF procedure handled by RRC layer, with cell level out-of-sync (OOS) indications and in-sync (IS) indications. 

[image: image1]
Figure 1: RLF framework for NR (based on LTE)
3 Relationship between NR Beam Recovery and RLF
In this section, we will study the relationship between beam recovery and RLF considering the previous RAN1 agreements on beam recovery and proposed RLF procedure as in [R2-1709020]. Note that the designs of those two procedures are yet to be confirmed for NR, so this contribution is to help such design of both procedures and make progress of NR specification.
3.1 Triggering conditions of beam recovery and RLF
In LTE, the RLF timer T310 is started based on ‘radio link problem detection’ with N310 number of consequent out-of-sync indications from Layer 1. According to TS 36.133, Layer 1 transmits such out-of-sync indications to the higher layers when ‘the downlink radio link quality of the PCell or PSCell estimated over the last 200 ms period becomes worse than the threshold Qout’. In a single-beam based system like LTE, it was enough considering the only existing downlink radio link quality to indicate the cell level radio link problem and trigger RLF timer.
However, in NR, now we need to consider multi-beam based system. In the multi-beam based system, there could be more than one beam with DL control and/or data channels. However, it is obvious that a UE cannot use all the beams in the cell for communication. Hence, always there will be more than one beam which is currently not used for DL control or data. Therefore, in the multi-beam based NR system, UE cannot determine whether the entire cell links are failing, based on just few number of beams that are currently used. 
Observation 1: In the multi-beam based NR system, UE will utilize number of beams for control and data channels and there can be more than one beam in the cell which is not used by the UE.
Observation 2: In the multi-beam based NR system, UE cannot determine the ‘cell level radio link quality problem’ for RLF timer only considering the number of beams which are currently used for control and/or data channels, since there could be another candidate beam which may have good channel quality. 
Therefore, as agreed in the previous RAN2 meeting, the triggering condition of RLF timer must be based on the ‘cell level radio link quality problem’, and this cannot be the same with the beam level problem detection (e.g., beam failure), for triggering NR beam recovery procedure. 
Proposal 1: The cell level radio link problem detection to trigger NR RLF T310 timer shall not be the same with the beam level problem detection to trigger NR beam recovery procedure. 
3.2 Aperiodic indications from beam recovery to assist RLF

From the previous ad-hoc meeting, RAN1 agreed to support indications from PHY layer to higher layers due to the success/ failure of beam recovery. In the RAN1 agreement, there are two examples of aperiodic indications and one is triggered by the success of beam recovery, and the other one is triggered by the failure of beam recovery. 

Aperiodic indication based on successful beam recovery
RAN1 discussed the need of aperiodic indication based on successful beam recovery, to stop or reset the ongoing RLF timer (T310). In order to discuss and decide the need of such indication, we first need to understand the behaviour of beam recovery and RLF timer. 
Like LTE, NR RLF timer shall be started with OOS indications and shall be stopped with IS indications. Since RAN1 and RAN2 already agreed to support periodic OOS indication and IS indications, such periodic IS indications shall stop or reset the RLF timer. 

Then, let’s consider the behaviour of beam recovery. According to RAN1, beam recovery will be performed as three steps as follows: 
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Figure 2: NR Beam Recovery procedure
First, UE shall perform measurement in order to detect beam failure and find candidate beam for beam recovery. 

Second, UE shall transmit beam recovery request. 

At last, UE and network shall select and switch the using beam for communication. 

The purpose of beam recovery is to overcome a beam failure and recover the communication using another candidate beam, it is reasonable and logical that the ‘periodic’ IS shall be triggered after a successful beam recovery.

Proposal 2: Periodic IS shall be triggered after a successful beam recovery.
Consequently with the above periodic IS indications, the additional ‘aperiodic’ indication based on successful beam recovery is not needed only except for the following use case:
· When the beam recovery is successful and UE cannot wait until the ‘periodic’ IS, before RLF declaration within a short time (e.g., timer T310 would expire soon).

However, we believe the above use case is extremely rare and hard to observe, due to the following reasons: 

1. Periodic IS would work well for most of the cases

2. T301 timer duration shall be selected long enough to ensure that most (~99%) of the UEs with the possibility of connection resume is covered. (e.g., in LTE, 1sec was selected for T310)
A. Therefore, it is seldom that a UE recover from cell level radio link problem ‘at the last few msec’
3. Aperiodic indication after a beam recovery may not really that faster than the periodic IS indication

A. Both beam recovery and IS indication need beam measurement with at least L1 filtering

B. Beam recovery may consisting of long and multiple RACH-like transmissions
Therefore, with the above observations and reasons, we do not see the ‘Necessity’ of aperiodic indication based on a successful beam recovery. 

Proposal 3: Aperiodic indication based on a successful beam recovery is not needed.
Aperiodic indication based on failed beam recovery
Now the remaining issue is whether there is need of aperiodic indication due to failed beam recovery. The use cases of such aperiodic indication due to failed beam recovery can be categorized as the following two alternatives: 

Alt 1: To trigger RLF timer T310 if the timer is not triggered yet
Alt 2: To declare RLF and perform cell reselection
As shown in Figure 2, the beam recovery procedure may take while due to number of beam measurement with filtering and beam recovery request transmission through RACH-like procedures. If the channel for beam recovery request transmission is the same as PRACH, then the failure of beam recovery request would eventually induce random access failure detection, and UE will declare RLF according to the agreement from RAN2#97bis. So, in this case, Alternative 1 is meaningless and no additional condition is required.
Proposal 4: If the PRACH is used for beam recover request transmission, UE does not need additional PHY layer indication of beam recovery failure to declare RLF, since the beam recovery failure would induce random access failure detection, and, hence, UE will declare RLF accordingly. 
According to RAN1 progress, there are number of candidates for recovery request transmission such as non-contention based channel based on PRACH, or PUCCH. 

Considering the beam recovery triggering condition of ‘beam failure’, PRACH is more common and appropriate candidate for UL beam recovery request transmission. 

In order for the PUCCH channel to be used for UL beam recovery request transmission, there are following problems: 

· The PUCCH must be using different beams which has not been detected as ‘failed’ and it means the PUCCH beams are different with the PDCCH beams. This is possible only when the beam reciprocity is not hold and this seems highly unlikely.

· If any PUCCH is available, UE can always report beam measurement results to the gNB in order to be re-scheduled with new beams or switching to another beam and UL beam recovery request may not be necessary.

· Moreover, in order for such UL transmission of additional beam recovery request over PUCCH, network should schedule redundant PUCCH resource for all the UEs, even if the network does not know when the ‘beam failure’ and beam recovery triggering events may occur to a UE. 

Therefore, we think the PRACH is only promising candidate for UL beam recovery request transmission. 

Proposal 5: In order for UL beam recovery request transmission, PRACH shall be considered as a baseline. It is FFS when and how PUCCH or other channel is used for beam recovery request transmission.
4 Conclusion

This contribution discusses the basic operation of beam switching. In order to make progress on UE triggered beam recovery mechanism in NR, we request RAN2 to discuss the following observations and proposals. 
Observation 1: In the multi-beam based NR system, UE will utilize number of beams for control and data channels and there can be more than one beam in the cell which is not used by the UE.

Observation 2: In the multi-beam based NR system, UE cannot determine the ‘cell level radio link quality problem’ for RLF timer only considering the number of beams which are currently used for control and/or data channels, since there could be another candidate beam which may have good channel quality. 
Proposal 1: The cell level radio link problem detection to trigger NR RLF T310 timer shall not be the same with the beam level problem detection to trigger NR beam recovery procedure. 

Proposal 2: Periodic IS shall be triggered after a successful beam recovery.

Proposal 3: Aperiodic indication based on a successful beam recovery is not needed.
Proposal 4: If the PRACH is used for beam recover request transmission, UE does not need additional PHY layer indication of beam recovery failure to declare RLF, since the beam recovery failure would induce random access failure detection, and, hence, UE will declare RLF accordingly. 

Proposal 5: In order for UL beam recovery request transmission, PRACH shall be considered as a baseline. It is FFS when and how PUCCH or other channel is used for beam recovery request transmission.
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