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1 Introduction
In Last RAN2 NR AH meeting, beam recovery and RLF/RLM topic was discussed, and following agreement was made. 

	Agreements

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


This contribution provides our understanding on the beam recovery procedure based on RAN1 progress [1] and the relationship between beam recovery failure and RLF. 
2 Discussion
If network does not select the suitable serving beam for the UE, there would be some problem on the transmission performance and the radio link would possibly be broken. To avoid this situation occurring and to help the recovery of radio link, the UE assistant beam recovery procedure (L1/L2 procedure is introduced in RAN1) has being progressed in RAN1. 
According to RAN1 progress/agreements [1], the beam recovery mechanism includes the following steps. 
· Step 1: Beam failure detection

· Step 2: New candidate beam identification

· Step 3: beam failure recovery request transmission

· Step 4: UE monitors gNB response for beam failure recovery request.

The detail of each step is given in Annex A. 
The beam failure detection (step 1) and new beam identification (step 2) are RAN1 topics. Step 3 and step 4 which include the recovery request including beam information require discussion in RAN2. 
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Figure-1. Beam recovery procedure

An example is illustrated in Figure-1. In this example, during the first state highlighted in green, the network can select beam 1, 2 or3 for transmission to UE. The beam selection is based on UE L1 report. In case of UE beam 4 becomes good and beams 1/2/3 get worse and the network is not aware of the beam quality change due to e.g. L1 report delay or report lost, the network cannot select the best beam for UE. When the beam failure detection condition is met (which is open and still under RAN1 discussion), UE can report the recovery request to gNB via PUCCH, PRACH or non contention based channel. During the recovery window, if the UE receives the response from the network, the UE can come back to the normal operation.  Otherwise, the UE should trigger the recovery procedure again. If the recovery procedure is failed a number of times (the number is configurable), the UE L1/L2 would indicate the failure to RRC where RRC re-establishment procedure may be triggered.  

And following gives our understanding on the two potential solutions for beam recovery procedure (Step 3 and 4).
· Solution 1: PUCCH channel
The procedure is similar as D-SR transmission via PUCCH and with retransmission mechanism and the similarity is indicated in Table-1. 
Table-1. Similarity of recovery procedure (PUCCH) and D-SR procedure
	Recovery procedure (step 3 and step 4)
	D-SR procedure

	Request
	D-SR transmission

	Response
	Receive UL grant and assemble MAC PDU

	Response window
	sr-ProhibitTimer, which control the SR transmission interval 

	Response received within window

· Recovery procedure complete
	New UL grant received 

· D-SR procedure complete

	No response received within window

· Trigger recovery request again 
	No new UL grant  received if ProhibitTimer expiry

· Trigger D-SR transmission again. 

	Inform  RRC layer in case of max number of recovery failure
	Trigger CBRA procedure. 


According to the Table-1, it can be seen that D-SR mechanism can be reused for recovery procedure via PUCCH. Also for the case of D-SR procedure failure triggering RA, we think it can also work well for the recovery procedure. In case of the PUCCH channel failure, it only indicates PUCCH channel is not good. So if the non-contention RACH based channel (solution 2) configured together, it can fall back to the RACH channel for recovery. In addition, it can fall back to the common PRACH channel and rely on RA procedure to recover the transmission based on SS-block. Since the fallback mechanism for PUCCH channel is still open in RAN1, RAN2 can postpone the discussion on the failure case via PUCCH channel.
Proposal 1: In case of beam recovery via PUCCH channel, legacy D-SR transmission framework can be reused. 
Proposal 2: In case of beam recovery failure via PUCCH channel, RAN2 should postpone the discussion and wait for the further RAN1 progress on it. 

· Solution 2: Non-contention channel  based on PRACH
CFRA procedure/framework is reused here for beam recovery, and the following characteristics of CFRA procedure can be reused for the recovery procedure.

Table-2. Similarity of recovery procedure (PRACH channel) and CFRA
	Recovery procedure (step 3 and step 4)
	CBRA procedure

	Request 
	Msg1

	Response
	Msg2

	Request indicating the identified beam info
	Different PRACH resource/preamble configuration, which can differentiate the UE and beam info.

	Response window
	RAR window

	Response received within window

· Recovery procedure complete
	RAR received within RAR window 

· CBRA procedure complete

	No response received within window

· Trigger recovery request again 
	No RAR  received within RAR window
· Trigger preamble transmission again. 

	Inform RRC layer in case of max number of recovery failure
	Inform RRC layer in case of max number of preamble transmission failure


As can be seen in Table-2, it is straightforward to reuse CFRA procedure for the beam recovery with minimal modification. CFRA failure is informed to RRC where RRC connection re-establishment is initiated. The RA failure indication from MAC to RRC can be regarded as the beam recovery failure recovery failure and trigger RLF, without introducing the new indication. 
Proposal 3: In case of beam recovery via non-contention RACH based channel, CFRA framework can be reused. 

Proposal 4: In case of beam recovery failure via non-contention RACH based channel, CFRA failure indication can be reused for the beam recovery failure indication to RRC, which can trigger the RLF and UE connection re-establishment. 
3 Conclusion

According to the analysis in section 2, it is proposed that:
Proposal 1: In case of beam recovery via PUCCH channel, legacy D-SR transmission framework can be reused. 

Proposal 2: In case of beam recovery failure via PUCCH channel, RAN2 should postpone the discussion and wait for the further RAN1 progress on it. 

Proposal 3: In case of beam recovery via non-contention RACH based channel, CFRA framework can be reused. 

Proposal 4: In case of beam recovery failure via non-contention RACH based channel, CFRA failure indication can be reused for the beam recovery failure indication to RRC, which can trigger the RLF and UE connection re-establishment. 

4 Reference
 [2] R1-1712007
LS on NR Beam Management  
RAN1  

5 Annex

Detail of beam recovery mechanism is given as below. 
	UE Beam failure recovery mechanism includes the following aspects:  1/ beam failure detection, 2/ new candidate beam identification, 3/ beam failure recovery request transmission and 4/ UE monitoring gNB response for beam failure recovery request
1) Step 1: beam failure detection

UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met. Beam failure detection RS at least includes periodic CSI-RS for beam management. 
In RAN1 working assumption, condition 1 (when beam failure is detected and candidate beam is identified at least for the case when only CSI-RS is used for new candidate beam identification) is supported as triggering condition for beam failure recovery request transmission. 
2) Step 2: New candidate beam identification
UE monitors beam identification RS to find a new candidate beam.  Beam identification RS includes periodic CSI-RS for beam management, if it is configured by NW.
3) Step 3: Beam failure recovery request transmission
· Information carried by beam failure recovery request includes at least one followings

· Explicit/implicit information about identifying UE and new gNB TX beam information

· Explicit/implicit information about identifying UE and whether or not new candidate beam exists

· Beam failure recovery request resource/signal may be additionally used for scheduling request
· Support the following channel(s) for beam failure recovery request transmission:

· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case

· Support using PUCCH for beam failure recovery request transmission

4) Step 4: UE monitors gNB response for beam failure recovery request
· UE monitors a control channel search space to receive gNB response for beam failure recovery request

· 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 or combination of above.
· In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery
· To receive gNB response for beam failure recovery request, a UE monitors NR PDCCH with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s)

· Detection of a gNB’s response for beam failure recovery request during a time window is supported. If there is no response detected within the window, the UE may perform re-tx of the request

· If not detected after a certain number of transmission(s), UE notifies higher layer entities
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