Page 6

3GPP TSG-RAN WG2 Meeting #101bis
R2-1805201 
Sanya, China, 16th – 20th April, 2018
Agenda item:
10.2.4
Source:
Qualcomm Incorporated
Title:
Discussion of RLF caused by beam failure recovery   
WID/SID:
NR_newRAT-Core– Release 15
Document for:
Discussion and Decision

1 Introduction
In RAN2#97bis [1], the RLF criteria in NR was agreed:
Agreements

1:
For connected mode, UE declares RLF upon timer expiry due to DL OOS detection, random access procedure failure detection, and RLC failure detection.

FFS whether maximum ARQ retransmission is only criteria for RLC failure (needs to be discussed in common UP/CP session). 
Regarding beam failure recovery (BFR), the following agreements were made in both RAN1 and RAN 2 [2-4]:

Agreements

1. Beam failure recovery using a dedicated PRACH preamble is specified in the MAC and triggered upon indication from Physical layer.  RAN2 assumes that the PHY layer does the detection of beam failure.    

2. The UE uses contention free when there is a beam associated to a dedicated “preamble/resource” and the beam is above a threshold.  Otherwise use contention based.  
3. The reception of the gNB response to beam recovery request sent on RACH is based on the monitoring of a PDCCH addressed to C-RNTI within a time duration configured by RRC.

4. Beam recovery can take place on a candidate beam (e.g. beams above threshold) with dedicated PRACH resources either associated with an SSB or CSI-RS resource.

5. When more than one beam is a valid candidate, it is up to UE implementation to select the beam
6. The measurement metric for candidate beam selection is L1-RSRP
While in RAN1 NR AH#2 [5], the interaction of RLF and BFR was discussed, and the following conclusion was agreed:

Agreement: 
· 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
In this contribution, we provide our view on relationship between RLF and BFR from RAN2’s perspective.
2 Discussion  
With progress of RLM/RLF and BFR, we see strong coupling between them. In our understanding, the current BFR design in NR provides a short-term / quicker way to recover radio condition, and frequent indications of radio condition change. While RLM in NR is a long-term radio condition recovery procedure, and provides periodic indications on radio condition. Therefore, we think BFR can assist radio link failure (RLF) procedure. Specifically, we think the aperiodic indication based on BFR status (success / failure) agreed in RAN1 should be supported to assist RLF.       
Observation 1: BFR in NR is a short-term procedure to recover radio condition, while RLM in NR is a long-term procedure to recover radio condition. Aperiodic indication of BFR can assist radio link failure (RLF) procedure.  
Next, we discuss RLF procedure with aperiodic indication of BFR failure, and with aperiodic indication of BFR success, respectively.

2.1 RLF procedure with aperiodic indication of BFR failure

In current MAC spec TR 38.321 [6], the aperiodic indication generated by BFR failure has been captured:
Copied from 5.17 Beam Failure Recovery Request procedure of TR 38.321

The MAC entity shall:
1>
if beam failure indication has been received from lower layers:

2>
start beamFailureRecoveryTimer;

2>
initiate a Random Access procedure (see subclause 5.1) on the SpCell.

1>
if the beamFailureRecoveryTimer expires:

2>
indicate beam failure recovery request failure to upper layers.
1>
if downlink assignment or uplink grant on the PDCCH addressed for the C-RNTI has been received:

2>
stop and reset beamFailureRecoveryTimer;

2>consider the Beam Failure Recovery Request procedure successfully completed
And from this copy of MAC spec, we can see that RACH procedure is used to send BFR request.   
Observation 2: RACH procedure is used for BFR request.
Therefore, if BFR failure, it means the maximum retransmission number of RACH bas been reached, and RACH procedure will correspondingly fail. And based on below RAN2 agreement, UE will declare RLF.

 Agreements

1:
For connected mode, UE declares RLF upon timer expiry due to DL OOS detection, random access procedure failure detection, and RLC failure detection.

FFS whether maximum ARQ retransmission is only criteria for RLC failure (needs to be discussed in common UP/CP session). 

Observation 3: BFR failure will cause RACH procedure failure, which was agreed to be one criteria for UE to declare RLF.
We think the above observation 3 should also be captured as one of criteria of RLF in TR 38.300 [7]:
Proposal 1: Capture RLF is declared when indication of BFR failure is received from lower layers in TS 38.300.
We also provide a CR in annex 1.

Proposal 2: Adopt the CR of 38.300 in annex 1. 

2.2 RLF procedure with aperiodic indication of BFR success
In current MAC spec TS 38.321 [6], the aperiodic indication generated by BFR success has not been captured. We think it is useful because periodic IS may unnecessarily result in RLF in at least following scenarios:
1. For periodic IS indication, the averaging of link quality metric may occur over a certain long time period (E.g., 100 ms). During this period, the channel quality of one or more RS resource(s) (RLM or BFR) may improve. However, this may not get reflected quickly (due to averaging) in the link quality metric used for periodic IS indication. Therefore, the additional delay for the link quality metric to rise above the Q_in threshold may unnecessarily result in the expiry of T310 causing RLF. This issue can be avoided by allowing the UE to use the success of beam failure recovery procedure to either stop the RLF timer.
2. In RAN#90, it was agreed that ‘NR supports to configure X RLM-RS resource(s)’. Now suppose that a beam failure event occurs and the candidate beam used to send beam failure recovery request is not part of the X RLM-RS resource(s). In such a scenario, the NW needs to send additional signalling to update the X RLM-RS resources. This will add additional delay to monitor the newly added RLM-RS resource(s) and to send periodic RLM IS indication. For e.g., if the RLM averaging window is 100 ms then the delay incurred to send an IS indication is: signaling delay + 100 ms. This issue can be avoided by allowing the UE to use the success of beam failure recovery procedure to stop or pause the RLF timer. 
3. Even if the same RS set is used for RLM and BFR, their evaluation results may be different because of different evaluation metric: RLM-RS was agreed to use metric of hypothetical PDCCH BLER, but candidate beam identification was agreed to use L1 RSRP in RAN1 [3]. 
Observation 4: Periodic IS may unnecessarily result in RLF in at least following scenarios:
· The radio condition of one or more RS (RLM or BFR) may improve during the long evaluation period of averaging of link quality metric for periodic IS
· Beam failure is detected, and the candidate beam used to send beam failure recovery request is not part of the configured RLM-RS.
· Even if the same RS is used for RLM and BFR, their evaluation results may be different because of different evaluation metric (i.e. RLM-RS was agreed to use metric of hypothetical PDCCH BLER, but candidate beam identification was agreed to use L1 RSRP)
Based on above analysis, we can see that periodic IS may unnecessarily result in RLF. As we analyzed before, BFR design provides a short-term way to recover radio condition, and frequent indications of radio condition change. We think that it is useful to send a BFR success indication to RRC to assist RLF procedure when beam recovery succeeds. 
Proposal 3: BFR success indication is sent to RRC to assist RLF procedure when beam recovery succeeds. 
We provide the corresponding CR of 38.321 in annex 2. 
Proposal 4: Adopt the CR of 38.321 in annex 2.  

When BFR success indication is received from lower layer before the expiry of T310 timer for RLM, it means that the beam pair link is available to UE at least for a certain time duration. In that sense, such aperiodic indication from BFR can help UE to pause the RLF declaration. Otherwise, UE will declare RLF if T310 expires even if one available beam pair can be found. So T310 should be stopped at least upon reception of BFR success indication. From RAN2 aspect, it’s beneficial to support the beam recovery success indication to avoid false alarm of RLF. 
Proposal 5: The timer (e.g. T310) is stopped at least upon reception of BFR success indication.
An example of this solution to resolve issue of scenario 2 is illustrated in Figure 1.
We provide the corresponding CR of 38.331 [8] in annex 3.

Proposal 6: Adopt the CR of 38.331 in annex 3.  
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Figure 1: RLF is prevented when aperiodic indication based on success of beam failure recovery procedure is used to stop RLF timer.
3 Summary
In this contribution, we provide our view on relationship between RLF and BFR from RAN2’s perspective.
Observation 1: BFR in NR is a short-term procedure to recover radio condition, while RLM in NR is a long-term procedure to recover radio condition. Aperiodic indication of BFR can assist radio link failure (RLF) procedure.  

Observation 2: RACH procedure is used for BFR.

Observation 3: BFR failure will cause RACH procedure failure, which was agreed to be one criteria for UE to declare RLF.
Observation 4: Periodic IS may unnecessarily result in RLF in at least following scenarios:

· The radio condition of one or more RS (RLM or BFR) may improve during the long evaluation period of averaging of link quality metric for periodic IS
· Beam failure is detected, and the candidate beam used to send beam failure recovery request is not part of the configured RLM-RS.
· Even if the same RS is used for RLM and BFR, their evaluation results may be different because of different evaluation metric (i.e. RLM-RS was agreed to use metric of hypothetical PDCCH BLER, but candidate beam identification was agreed to use L1 RSRP)
Proposal 1: Capture RLF is declared when indication of BFR failure is received from lower layers in TS 38.300.
Proposal 2: Adopt the CR of 38.300 in annex 1. 

Proposal 3: BFR success indication is sent to RRC to assist RLF procedure when beam recovery succeeds. 
Proposal 4: Adopt the CR of 38.321 in annex 2.  

Proposal 5: The timer (e.g. T310) is stopped at least upon reception of BFR success indication.
Proposal 6: Adopt the CR of 38.331 in annex 3.  
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5 Annex 1
9.2.7
Radio Link Failure

In RRC_CONNECTED, the UE declares Radio Link Failure (RLF) when one of the following criteria are met:

-
Expiry of a timer started after indication of radio problems from the physical layer (if radio problems are recovered before the timer is expired, the UE stops the timer);

-
Random access procedure failure;
-  Beam failure recovery procedure failure;
-
RLC failure.

After RLF is declared, the UE:

-
stays in RRC_CONNECTED;

-
selects a suitable cell and then initiates RRC re-establishment;

-
enters RRC_IDLE if a suitable cell wasn't found within a certain time after RLF was declared.

In DC, RLF is declared separately for the MCG and for the SCG. The actions following RLF described above only apply for RLF on the MCG. After RLF on the SCG, the UE stops normal operation on the SCG and reports the failure to the network.

6 Annex 2

5.17
Beam Failure Recovery Request procedure

The beam failure recovery request procedure is used for indicating to the serving gNB of a new SSB or CSI-RS when beam failure is detected on the serving SSB(s)/CSI-RS(s). Beam failure is detected by the lower layers and indicated to the MAC entity.
The MAC entity shall:
1>
if beam failure indication has been received from lower layers:

2>
start beamFailureRecoveryTimer;

2>
initiate a Random Access procedure (see subclause 5.1) on the SpCell.

1>
if the beamFailureRecoveryTimer expires:

2>
indicate beam failure recovery request failure to upper layers.
1>
if downlink assignment or uplink grant on the PDCCH addressed for the C-RNTI has been received:

2>
stop and reset beamFailureRecoveryTimer;
2>
consider the Beam Failure Recovery Request procedure successfully completed.

2>
indicate beam failure recovery request success indication to upper layers.
7 Annex 3
5.3.10.2
Recovery of physical layer problems
Upon receiving N311 consecutive "in-sync" indications or beam failure recovery request success indication for the SpCell from lower layers while T310 is running, the UE shall:
1>
stop timer T310 for the corresponding SpCell.
NOTE:

In this case, the UE maintains the RRC connection without explicit signalling, i.e. the UE maintains the entire radio resource configuration.

NOTE:

Periods in time where neither "in-sync" nor "out-of-sync" is reported by layer 1 do not affect the evaluation of the number of consecutive "in-sync" or "out-of-sync" indications.
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