3GPP TSG-RAN WG2 Meeting #107                                                           R2-1910404
Prague, Czech Republic, 26th –30th August 2019                              
Agenda item:
11.16
Source:
ZTE , Sanechips
Title:
Consideration on Beam Failure Recovery on SCell
Document for:
Discussion and Decision
Introduction

In RAN1#97 meeting , RAN 1 has discussed beam failure recovery (BFR) on SCell with DL-only. For BFR on SCell with DL only, the UE monitors the quality of an SCell. In case of declaring beam failure, the UE sends the beam failure recovery request (BFRQ), and sends failed SCell index(s) and new beam information(if present) to the NW.

For BFRQ, RAN 1 send one LS to RAN 2 :

-------------------------------------------- LS from RAN 1--------------------------------------------
Agreement

On BFRQ procedure for SCell

Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell

FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1

(Working Assumption) Step 2 is carried by MAC CE 

Above applies at least for SCell with downlink only

The purpose of step 1 is to inform the NW that beam failure occurred, whereas step 2 is used to provide the network with information about a new beam (if present).

The working assumption states that new beam information (if present) would be conveyed using MAC CE. In the same MAC CE, the UE would convey which SCell(s) failed.

Question: Does RAN2 have any input with reference to this working assumption from your specification work point of view considering your workload? 

-------------------------------------------- LS from RAN 1--------------------------------------------
Since the beam failure recovery procedure is stretching across both MAC and PHY, thus we would like to share our views on BFR for SCell from RAN2 perspective in this contribution.
Discussions
Issue 1: The beam failure detection on SCell

As a whole beam failure procedure , it can be split into two parts:

I: Beam failure detection procedure

II: Beam failure recovery procedure

For the first part, RAN 2 have already defined the beam failure detection procedure for SpCell, as shown in below:
-------------------------------From 38.321 --------------------------------------------------

The MAC entity shall:

1>
if beam failure instance indication has been received from lower layers:

2>
start or restart the beamFailureDetectionTimer;

2>
increment BFI_COUNTER by 1;

2>
if BFI_COUNTER >= beamFailureInstanceMaxCount:

3>
initiate a Random Access procedure (see subclause 5.1) on the SpCell.

---------------------------From 38.321 ---------------------------------------------------------------
Regarding the beam failure detection for SCell, for saving the time consumption of discussion,   BFD procedure for SpCell can be directly reused for the BFD procedure for SCell .

Proposal 1: The beam failure detection method defined for the BFR on SpCell can be reused for the beam failure detection for SCell. 

From proposal 1, if the current beam failure detection mechanism is reused for BFR for SCell, the configuration of following parameters shall be taken into account:

-
beamFailureInstanceMaxCount for the beam failure detection;

-
beamFailureDetectionTimer for the beam failure detection;

Since the beamFailureDetectionTimer is related to the periodic of  CSI/SSB, each SCell my be configured with different CSI/SSB, thus beamFailureDetectionTimer shall be configured per SCell. As for the  beamFailureInstanceMaxCount , considering the beamFailureDetectionTimer is configured per cell, some cells may be configured dense CSI resources but other cell may be sparse, which means, if we configure a public  beamFailureInstanceMaxCount , which may force UE frequently start BFR on some cells with dense CSI/SSB resource or seldom start BFR on some cells with sparse CSI/SSB resources. Thus we suggest to configure beamFailureInstanceMaxCount per cell

Proposal 2: The BFR detection related timer/counter will be maintained per SCell, and the value for the timer/counter can be configured separately per cell.

Issue 2: Beam failure recovery for SCell for RAN2 perspective
According to the LS from RAN1,we have the following two steps in general:

Step 1: Send an SR-like PUCCH for BFR of one SCell over PCell or PSCell

Step 2: a working assumption is to send one MAC CE to gNB for acquiring the DL beam recovery
For step 1, there is an FFS in RAN1, said that: 

FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1

In RAN1 understanding, the BSRQ MAC CE  is triggered by SR so that the below figure is to show the logical way from RAN1 perspective:
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Fig.1 the illustration from RAN1’s understanding in BFR MAC CE based solution

The SR like signal transmission is triggered by detection of beam failure , and the MAC CE is triggered by SR-like signal transmission.

 However, in RAN2 understanding since MAC CE is carried in UL-SCH , if there is currently available PUSCH for sending MAC CE to notify the necessary information for BFR to gNB, there is no need for UE  to send an SR like signal to gNB for acquiring PUSCH resources for BFRQ MAC CE. Thus from RAN2 perspective, we have the following understanding in the BFR for SCell procedure as shown in fig.2:
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Fig.2 the illustration from RAN2’s understanding in BFR MAC CE based solution

Thus we propose that :

Proposal 3: In case beam failure is detected on SCell, BFRQ MAC CE shall be triggered. 

Proposal 4: Once the BFRQ MAC CE is triggered, if there is no available PUSCH resources for the transmission of BFRQ MAC CE, the SR for BFRQ shall be triggered.

From proposal 4, refer to the current SR procedure, once an SR is pending and transmission times reach the maximum value or there is no available resources for this SR, the RACH procedure is triggered for acquiring the PUSCH resources. As for BFRQ MAC CE triggered SR like PUCCH, we can reuse this scheme for the SR like PUCCH to terminate the endless SR transmission. Thus we propose that:
Proposal 5: If the MAC entity has no valid SR resource configured for the pending SR for BFRQ, RACH procedure shall be triggered.
Considering the legacy beam failure recovery procedure for SpCell, the RACH procedure (i.e CFRA or CBRA) is utilized in RAN2 perspective, the Msg.1 is to notify NW the selected DL beam via the mapping relationship between preamble and CSI-RS/SSB, the Msg.4 or Msg.2 is received from NW as an ACK of indicating whether the beam failure recovery is successful or not. If the beam failure recovery is successful, and then UE shall reset the timer/counter (i.e BFI_COUNTER, beamFailureRecoveryTimer) related to the beam failure detection, otherwise, UE need to start another attempt for BFR procedure
Observation 1:In the BFR for SpCell, the Beam Failure Recovery procedure will be considered successfully completed in case the RA procedure triggered by BFR is successfully completed
However, since no criteria for the successfully completed of beam failure recovery has been captured in LS from RAN1, once the MAC CE is transmitted, it is not clear how to determine whether beam failure on the concerned SCell is recovered or not.

Refer to the current criteria defined for successfully completed of BFR, the recoverySearchSpaceId  is used for indicating the result of BFR, i.e PDCCH addressed by C-RNTI is received from this search space. As rel-15, we still can leave this issue to RAN1 discussion, thus we propose that:

Proposal 6: From RAN2 perspective,  some criteria is required to detect the successful recovery of beam failure on SCell,  and the detail of ceiteria should be discussed in RAN1
If proposal 6 is agreed,  we need to consider about the BFR failure case in MAC CE based BFR procedure. Not similar with the legacy BFR, in the case of BFR on SpCell, the unsuccessful completion of RACH procedure will lead to RLF, and RLF will trigger the RRC re-establishment. However, for the BFR on SCell, since the RA is not mandatory behaviour, thus it should be discussed what’s the expected behaviour in case of BFR failure. For this issue we suggest the following alternatives:

Alt1: Do nothing

Alt2: Regenerate/retransmission the BFRQ MAC CE

Alt3: Deactive the concerned SCell
since the current BFR for SCell is still a framework,  we just address these alternatives as the potential solution in the future, thus we would like to discuss it online to determine which solution is the best.
Proposal 7: For the expected behaviour on UE side if successful of BFR has not been detected within a period of time, the following alternatives can be considered

Alt1: Do nothing

Alt2: Regenerate/retransmission the BFRQ MAC CE

Alt3: Report SCell failure to upper layer (i.e. RRC), and one RRC message will be sent to gNB (e.g. SCell failure report)
Issue 3:  Design of  MAC CE  for Beam failure recovery request
From RAN1 understanding , the LS includes the following requirements from RAN1:

The working assumption states that new beam information (if present) would be conveyed using MAC CE. In the same MAC CE, the UE would convey which SCell(s) failed.

Obviously , the MAC CE need to include the SCell which is failed and the suggest beam information, In the current release, the DL beam is related to either the CSI-RS or SSB. Thus the beam information can still be indicated by the SSB ID or CSI-RS ID. So we give our suggestion of MAC CE as following:
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Fig.3: The BFRQ MAC CE structure
RS: Indicates that the resource type in oct 2, for instance, ‘1’ is standing for CSI-RS resource ID, otherwise is standing for SSB ID. Thus we propose that:

Proposal 8: Kindly ask RAN2 to adopt below structure as BFRQ MAC CE structure
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Conclusion 

Based on all the analysis above, we give our proposals as:

Proposal 1: The beam failure detection method defined for the BFR on SpCell can be reused for the beam failure detection for SCell. 

Proposal 2: The BFR detection related timer/counter will be maintained per SCell, and the value for the timer/counter can be configured separately per cell.

Proposal 3: In case beam failure is detected on SCell, BFRQ MAC CE shall be triggered. 

Proposal 4: Once the BFRQ MAC CE is triggered, if there is no available PUSCH resources for the transmission of BFRQ MAC CE, the SR for BFRQ shall be triggered.

Proposal 5: If the MAC entity has no valid SR resource configured for the pending SR for BFRQ, RACH procedure shall be triggered.
Observation 1:In the BFR for SpCell, the Beam Failure Recovery procedure will be considered successfully completed in case the RA procedure triggered by BFR is successfully completed
Proposal 6: From RAN2 perspective,  some criteria is required to detect the successful recovery of beam failure on SCell,  and the detail of ceiteria should be discussed in RAN1
Proposal 7: For the expected behaviour on UE side if successful of BFR has not been detected within a period of time, the following alternatives can be considered

Alt1: Do nothing

Alt2: Regenerate/retransmission the BFRQ MAC CE

Alt3: Report SCell failure to upper layer (i.e. RRC), and one RRC message will be sent to gNB (e.g. SCell failure report)

Proposal 8: Kindly ask RAN2 to adopt below structure as BFRQ MAC CE structure
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