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1 Introduction

In the previous RAN1 Ad-Hoc meetings, RAN1 had the following agreements: 
	Agreement:
The following working assumption is confirmed

· For beam failure recovery request transmission on PRACH, support using the resource that is CDM with other PRACH resources

· Note that CDM means the same sequence design with PRACH preambles. 

· Note that the preambles for PRACH for beam failure recover request transmission are chosen from those for contention-free PRACH operation in Rel-15

· Note: this feature is not intended to have any impact on design related to other PRACH resources

· Further consider whether TDM with other PRACH is needed

Note: Companies may further study the necessity and feasibility of additional cyclic shifts on the preamble sequences for transmission of beam failure recovery requests

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 Discussion
From the previous ad-hoc meeting, RAN1 is discussing whether 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. 

2.1 Aperiodic indication based on successful beam failure 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. 
According to RAN1 discussion, beam recovery will be performed as three steps as follows: 

· First, UE shall perform measurement in order to detect beam failure and identify candidate beam.
· Second, UE shall transmit beam failure 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 using another candidate beam, and it is reasonable and logical that after a successful beam failure recovery, UE no longer need to proceed the RLF timer and the ‘periodic’ IS shall be triggered. Consequently, RAN1 had the following agreement at this Ad-hoc#3 meeting and now ‘periodic’ IS will be triggered if at least ONE beam is recovered from failure. 
	Agreements:
· When UE is configured to perform RLM on one or multiple RLM-RS resource(s),

· Periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y=1 RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold
· FFS the interference measurement resource related to the estimated link quality crresponding to the hypothetical PDCCH BLER


Proposal 1: Periodic IS will be indicated after a successful beam failure recovery.
With potential aperiodic indication based on successful beam failure recovery, we can study the possible options as follows:
	L1 aperiodic indication to the higher layer based on a successful beam failure recovery is:

	Opt. 1 – not needed
· NR UE only uses periodic IS indication to reset/stop the T310 timer. 

	Opt. 2 – the same as periodic IS
· NR UE uses aperiodic indication based on successful beam failure recovery as the same as periodic IS indication for NR RRC to stop the timer if consecutive N2 number of periodic/aperiodic IS indications are received.

	Opt. 3 – stopping the T310 timer instantaneously  

· NR UE uses aperiodic indication based on successful beam failure recovery as the new indication for NR RRC to stop the timer instantaneously.


Since the Opt. 3 is a subset of Opt. 2 with N2 = 1, we would like to discuss the difference between Opt. 1 and Opt. 2. Considering existing periodic IS indications, the potential aperiodic indication based on successful beam failure recovery could be useful on the following specific use cases:

1. when the periodic IS cannot reset/stop the ongoing T310 timer, even though there was a successful beam failure recovery. 
· As of RAN1 agreement and proposal 1, since a successful beam failure recovery guarantees consequent periodic IS, the only case is when the T310 is about to expire and there is not enough time for sending periodic IS

2. when UE wants to terminate T310 timer earlier(right after beam recovery success) before the consequent periodic IS is indicated. 

· When the periodicity of IS is too long, this use case is beneficial. Otherwise, if the periodicity is short enough, the benefit of this use case becomes reduced. 
Although there could be performance enhancement as indicated above, we believe the performance gain is limited due to the following reasons: 

1. T301 timer duration will be selected with a sufficiently long duration to ensure that most (~99%) of the UEs in the cell coverage can regain connectivity. (e.g., in LTE, 1sec was selected for T310)
· So the periodic IS can cover almost all the UEs. 

· It is highly un-likely that a UE regains connectivity at the last minute (when the T310 is about to expire), if the UE did not regain connectivity during the entire T310 timer
2. Aperiodic indication after a successful beam recovery may not that faster than the periodic IS indication

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

· Beam recovery may undergo through RACH-like transmissions which needs at least two signal transmission after the beam measurement
Therefore, with the above observations, we believe aperiodic indication due to the successful beam failure recovery is a minor optimization with limited performance gain. Hence, we do not see the necessity of aperiodic indication based on a successful beam recovery. 

Proposal 2: Aperiodic indication based on a successful beam recovery is not needed.
2.2 Aperiodic indication based on un-successful beam failure recovery
Now the remaining issue is regarding the aperiodic indication due to failed beam recovery. The method of such aperiodic indication due to failed beam recovery can be categorized as the following options: 

	L1 aperiodic indication to the higher layer based on an un-successful beam failure recovery is:

	Opt. 1 – not needed
· NR UE only uses periodic OOS indication to trigger the T310 timer. 

· NR UE does not need additional condition for RLF declaration w.r.t. un-successful beam failure recovery, except already agreed conditions.

	Opt. 2 – the same as periodic OOS
· NR UE uses aperiodic indication based on un-successful beam failure recovery as the same as periodic OOS indication for NR RRC to detect radio link problem if consecutive N1 number of periodic/aperiodic OOS indications are received.

	Opt. 3 – declaring RLF instantaneously  

· NR UE uses aperiodic indication based on successful beam failure recovery as the new indication for NR RRC to declare RLF instantaneously.

	Opt. 4 – starting the T310 timer instantaneously  

· NR UE uses aperiodic indication based on successful beam failure recovery as the new indication for NR RRC to start the T310 timer instantaneously. 


Since the Opt. 4 is a subset of Opt. 2 with N1 = 1, we would like to discuss mainly between Opt. 1, 2 and 3. 

The above UE operations are very much dependent on which channel the UE uses for UL beam recovery request transmission. So we would like to start the discussion considering physical channel first. According to RAN1 progress, there are number of candidates for recovery request transmission such as non-contention based channel based on PRACH, or PUCCH. When ‘beam failure’ is detected based on the DL beam measurement, if the channel reciprocity holds, there would be no available PUCCH. Therefore, PUCCH based beam recovery can be used only when the channel reciprocity does not holds, or when the PUCCH is allocated on independent UL beams which are not for DL beam measurement. Hence, we believe PRACH is more common and appropriate candidate for UL beam recovery request transmission. 

If beam recovery is using RACH

According to the previous RAN1 agreement, beam recovery uses contention-free RACH procedure of Rel-15. 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, no additional aperiodic indication is needed (Opt. 1) since there is already random access failure to declare RLF.
Proposal 3: For beam recovery using contention-free RACH, UE does not need additional PHY layer indication of beam recovery failure since the beam recovery failure would induce random access failure detection, and, hence, UE will declare RLF accordingly. 

If beam recovery is not using RACH
If RACH is not used, it means the UE is using PUCCH or other pre-scheduled resource. However, it is still not clear which message/ procedure UE uses to send the beam recovery request, if it is not RACH. For an example, such PUCCH may be configured for all the beams that the gNB can listen and in this case, it is not clear that the UE needs to send beam recovery request over all the PUCCHs over all the beams or whether the UE can select limited number of PUCCHs for beam recovery request transmission even when the DL beam measurement says beam failure is declared. Considered characteristics are as follows: 
	PUCCH for UL beam recovery request 
	Overhead
	Success rate
	Note

	Configured over 
all the beams
	Higher
	Higher
	If UE cannot determine which PUCCH is the best, the UE needs to send beam recovery request over all the PUCCHs. 

	Configured over 
limited number of beams
	Smaller
	Lower
	Even if this PUCCH fails, there could be other candidate beams which can be used after a successful beam recovery. Hence, in order for using limited number of PUCCH, fall back to RACH needs to be supported. 


Observation 1: Beam recovery using PUCCH (or other UL scheduled channel) is not yet clear and needs more study in RAN1
As specified in the table, there are still various options with different perspectives and it is too early to determine how the aperiodic indication is used and what is the gain of it. Hence, we propose to postpone the discussion regarding beam recovery which is not using RACH procedure, until RAN1 has more progress. 

Proposal 4: For beam recovery which is not using RACH procedure, we need to wait for more RAN1 input. 
3 Conclusion

This contribution discusses the aperiodic indications due to the beam failure recovery procedure. In order to make progress on UE triggered beam recovery mechanism in NR, we request RAN2 to discuss the following proposals. 
Proposal 1: Periodic IS will be indicated after a successful beam failure recovery.

Proposal 2: Aperiodic indication based on a successful beam recovery is not needed.
Proposal 3: For beam recovery using contention-free RACH, UE does not need additional PHY layer indication of beam recovery failure since the beam recovery failure would induce random access failure detection, and, hence, UE will declare RLF accordingly. 

Proposal 4: For beam recovery which is not using RACH procedure, we need to wait for more RAN1 input. 
