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1 Introduction

In last RAN2 #105bis meeting, the following agreement has been made. For BFR case, 2-step RACH is applicable for CB BFR. But contention free BFR is FFS.
· 2-step RACH is applicable for Msg3 based SI request.
· 2-step RACH is applicable for CB BFR.  FFS for CFRA.
In this paper, we would like to discuss and provide our view on supporting 2-step RACH for contention free BFR.
2 Discussion

In the WID of 2-step RACH for NR in Rel-16, it has been indicated that all triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH only except for SI Request and BFR which can be further discussed in RAN2. In the last RAN2 #105bis meeting, RAN2 has made the agreement that msg3 based SI request and CBRA BFR can be applied for 2-step RACH. But for 2-step CFRA BFR is FFS.
Since there has been no discussion or proposal on the formal definition of CFRA for 2-step RACH, we assume the same definition for 4-step RACH still applies to 2-step, i.e. 2-step RACH refers to the configuration where UE is configured with a dedicated preamble, regardless of whether it is configured with dedicated PUSCH resources for msgA payload or not.
In the Rel-15 existing CFRA procedure, it consists of only two RACH steps which is quite similar as the procedure of Rel-16 2-step RACH. Network can provide a dedicated preamble for UE in Rel-15 CFRA and hence there is no resource contention involved. There are two RACH triggering events that can be applicable for CFRA: handover and BFR. For handover case, if we consider 2-step RACH, UE can contain RRC Reconfiguration Complete message and/or other additional information in the msgA payload to speed up the handover procedure and to reduce the handover latency. For BFR case, if 2-step RACH is applied, the simpler way is UE can include extra information in msgA payload to help reduce the overall latency of BFR procedure. 
In the following we first provide two use cases to illustrate the benefit of applying 2-step RACH for BFR. We can explain why for BFR 2-step CFRA is better than CBRA and hence should be supported.
Use case 1. UE falls back to initial BWP to perform BFR
In Rel-15, after beam failure is detected, UE should first decide in which BWP to perform BFR. If the current active BWP has BFR resources, UE can stay in the current active BWP and perform BFR. Otherwise, UE switches to the initial BWP and performs BFR in the initial BWP. The baseline UE behavior in Rel-15 consists of the following steps:

· UE first measures the link quality of the reference beams configured for the initial BWP and select a target beam for recovery. This recovery can be either CFRA or CBRA, depend on the availability of dedicated BFR resources and/or the link quality of candidate beams. UE then transmits in the RACH occasion(s) which are tied to the selected target beam. Note that only SSBs, which are low gain, are configured in the initial BWP. Hence the target beam selected by UE in this step is one of the SSBs. 

· After BFR is complete in the initial BWP, it is expected that network switches UE back to an active BWP with wider bandwidth. Since wide BWP typically is configured with CSI-RS, which are narrower beams with higher gains than SSBs, network would perform beam management procedure to refine UE’s beams after UE finishes BFR in the initial BWP. The whole procedure is concluded by a reconfiguration of UE’s TCI states. 
We observe that there are opportunities to reduce latency further in the above two steps, if 2-step RACH can be applied. First, UE can select its target beam in the active BWP where beam failure has occurred, which likely is a CSI-RS. Then it switches to the initial BWP to perform BFR, using 2-step RACH. In the payload of the msgA, it can include the index of the selected target beam. We see two advantages with this change:

· During RACH procedure performed in the initial BWP, the selection of RACH occasion is no longer tied to the selected target beam. This enables UE to choose any suitable beam to RACH, i.e. any beam with good enough quality for UE’s msgA to reach gNB, which can be available much earlier than RACH occasion tied to the target beam. Earlier transmission means short latency for the RACH procedure. On FR2 cells, this difference in time can be quite significant because some PRACH configurations can have very long period. 
· After gNB receives UE’s indication of its desired target beam for recovery, it can directly reconfigure UE’s TCI states based on that information, without performing an extra beam management procedure, as in the baseline. This is another reduction in latency before UE can start using its new TCI states.
Observation 1: 2-step RACH based BFR can reduce the overall latency of beam failure recovery by the means of carrying preferred beam index in msgA payload.

Use case 2. BFR for SCell

In Rel-15, BFR for SCell in inter-band CA configurations is not supported. But it is expected to be discussed and supported in Rel-16. In this example, we discuss how 2-step RACH may be used to enable fast BFR for SCell in inter-band CA configuration. 

In inter-band CA configuration, since PCell and SCell have different reference beams, network can configure extra RACH occasion on PCell which are tied to SCell’s reference beams. And network can candidate beams for UE in each band. When beam failure is detected on a SCell, UE can first perform measurement on the candidate beams associated with that cell and select a target beam for recovery. It then performs RACH on the BFR resources on PCell to recover to its target beam on that SCell.

In this case, the total number of reference beams that PRACH configuration has to include (e.g. 8 on FR1 and 64 on FR2). This means that, as explained in the previous use case, average delay for BFR can be quite long if RACH occasions are tied to target beams. If 2-step RACH can be applied, including index for target beam and serving cell index in msgA payload can help decouple RACH occasion and target beams. This would enable network to configure BFR resources with a much shorter period (e.g. at most 8 beams on FR1 PCell) and UE only needs to use a suitable beam on PCell which does not need to have any association with the target beam to transmit its msgA. This would significantly reduce the latency of BFR.
Additionally, as in the previous use case, network can directly reconfigure UE’s TCI state without extra beam management procedure. 
Observation 2: 2-step RACH based BFR can reduce latency in the case of BFR for SCells in inter-band CA configuration.
CFRA vs CBRA in 2-step RACH

The latency reduction benefits described in the above two use cases apply to both CBRA and CFRA 2-step RACH. But compared with 2-step CBRA, we think BFR based on 2-step CFRA can achieve additional latency reduction, without signification increase in resource utilization. The benefit is not hard to see, because CFRA has dedicated resources and hence can void delays caused by contention in CBRA based procedure. The question is whether CFRA based 2-step RACH can be efficient in resource use.

We think it depends on how PUSCH resources are configured for msgA payload. If network has to configure dedicated preamble as well as dedicated PUSCH resources for each UE to perform BFR, then we agree it is more resource expensive and thus may not justify the benefits. However, we do not think it is necessary to configure dedicated PUSCH resource for BFR. They can be shared by multiple UEs even in 2-step CFRA. This is because BFR is a relatively infrequent event. If many UEs share the same PUSCH resource, the chance that multiple UEs have beam failure at the same time is very small. In case collision over PUSCH does happen, network can still quick resolve it as follows. Because it is CFRA and UE still has dedicated preamble, network can identify the set of UEs are RACHing and have collision over PUSCH. For each of those UEs, network can provide a dynamic UL grant for them to retransmit their msgA payload (i.e. target beam index). 
Observation 3: For BFR, 2-step CFRA has lower latency than 2-step CBRA but does not require extra PUSCH resources.
Taking the above analysis into account, we make the following proposal:
Proposal: 2-step CFRA is applicable for BFR.
3 Conclusion
We’d recommend RAN2 to discuss and adopt the following observations and proposals:
Observation 1: 2-step RACH based BFR can reduce the overall latency of beam failure recovery by the means of carrying preferred beam index in msgA payload.

Observation 3: 2-step CFRA based BFR can reduce latency in the case of BFR for SCells in inter-band CA configuration.

Observation 3: For BFR, 2-step CFRA has lower latency than 2-step CBRA but does not require extra PUSCH resources.

Proposal: 2-step CFRA is applicable for BFR.
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