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1. Introduction
In this contribution, we discussed the issues on BWP switch for BFR random access.
2. Discussion
2.1 Backgrounds
The issues we identified are relevant with several aspects, so we first list these aspects in order to help to explain the issues.
2.1.1 RS configuration for candidate beam discovery for BFR

In RAN2#101bis, it has been agreed that SSB-based Beam Management, CSI measurements, Beam Failure Detection and RLM can only be configured for DL BWPs which contain the SSB associated to the serving cell [1]. It means that for the SSB-based beam failure recovery, only the CD-SSB can be configured as the candidate beam for BFR, and such candidate beam can only be configured for DL BWP which contains the CD-SSB. This agreement implies that once the beam failure is detected, only if the UE’s active DL BWP contains the CD-SSB, the UE is possible to select the CD-SSB as the candidate beam and perform beam failure recovery on the active DL BWP.
Observation 1: for SSB-based beam failure recovery, only if the UE’s active DL BWP contains the CD-SSB, the UE is possible to select the CD-SSB as the candidate beam and perform beam failure recovery on the active DL BWP.
In addition to the SSB, the CSI-RS can also be configured as the candidate beam for BFR. Although the configuration of CSI-RS that can be used as the candidate beam is cell-specific, i.e. not BWP-specific, some CSI-RSs are just contained in some DL BWP in the frequency domain. This implies that once the beam failure is detected, only if the UE’s active DL BWP contains a CSI-RS, the UE is possible to select that CSI-RS as the candidate beam and perform beam failure recovery on the active DL BWP.

Observation 2: for CSI-RS based beam failure recovery, only if the UE’s active DL BWP contains a CSI-RS, the UE is possible to select that CSI-RS as the candidate beam and perform beam failure recovery on the active DL BWP.
2.1.2 BWP linkage for random access
After receiving a contention-based random access preamble, the network has no idea which UE is transmitting the random access preamble and thus has no idea on which DL BWP it should send the RAR so that the UE can receive it. To address this issue, the BWP linkage has been introduced, i.e. when a UE initiates random access on a SpCell, it needs to switch its DL BWP to the one that has the same bwp-id as the active UL BWP on which the random access preamble is transmitted[2]. Although this linkage was introduced due to contention based RA, this principle has been extended to all the random access on the SpCell according to the current MAC specification, including the contention free random access initiated for BFR.
Observation 3: According to current MAC spec, for the contention free random access initiated for BFR, the UE shall switch its DL BWP to the one that has the same bwp-id as the UL BWP on which the random access preamble is transmitted.
2.1.3 Dedicated search space configured for BFR
It has been agreed by RAN1 that one specific search space is configured for the contention free RA for the BFR and in TS 38.331 the field recoverySearchSpaceId has been configured in BeamFailureRecoveryConfig. After transmitting the contention free preamble for BFR, the UE shall monitor that search space for PDCCH addressed to the C-RNTI. The recoverySearchSpaceId is unique across the BWPs of the serving cell. This means that the search space for BFR is only associated with the DL BWP that contains the search space. In other words, if the UE’s active DL BWP doesn’t contain the search space dedicated for the BFR, the UE has no way to receive the response for the BFR.
Observation 4: for the contention free random access initiated for BFR, if the UE’s active DL BWP doesn’t contain the search space dedicated for the BFR, the UE has no way to receive the response for the BFR.

2.2 Issues 

We use the following scenarios to illustrate the issues.
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Fig.1 Scenario-1
Scenario 1: The UE’s active UL BWP is UL BWP 2 and the active DL BWP is DL BWP1. DL BWP 1 is configured with the CD-SSB as the candidate beams for BFR. At the same time, the search space for BFR is on the DL BWP 2 (This is possible since according to the current ASN.1 there is no any restriction on the ID of the search space for BFR), but the DL BWP 2 doesn’t contain the CD-SSB. Once the UE detects the beam failure when it working on the UL BWP 2 and DL BWP 1, it selects a beam of the CD-SSB as the candidate beam for recovery. 
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Fig.2 Scenario-2
Scenario 2: The UE’s active UL BWP is UL BWP 1 and the active DL BWP is DL BWP 1. DL BWP 1 is configured with the CD-SSB as the candidate beam for BFR. At the same time, the search space for BFR is on the DL BWP2 (This is possible since according to the current ASN.1 there is no any restriction on the ID of the search space for BFR), but the DL BWP 2 doesn’t contain the CD-SSB. Once the UE detects the beam failure when it working on the UL BWP 1 and DL BWP1, it selects a beam of the CD-SSB as the candidate beam for recovery. 
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Fig.3 Scenario-3
Scenario 3: The UE’s active UL BWP is UL BWP 1 and the active DL BWP is DL BWP 2. DL BWP 2 is configured with the CSI-RS configuration #1 as one of the candidate beam for BFR. The search space for BFR is neither on the DL BWP 1 nor DL BWP 2. Once the UE detects the beam failure when it working on the UL BWP 1 and DL BWP 2, it selects a beam of the CSI-RS configuration #1 as the candidate beam for recovery. 

For the scenario 1: according to the observation 3, the UE shall switch it DL BWP to the DL BWP 2, and according to the observation 4, the UE should receive the response for the CF RA on the DL BWP 2. However, according to observation 1, since the DL BWP 2 doesn’t contain the CD-SSB, the NW couldn’t transmit the response on the DL BWP 2 via the DL beam associated with the CD-SSB. This means that after switch to the DL BWP 2, the UE couldn’t receive the response for the CF RA of the BFR. It needs to reselect a new candidate beam on the DL BWP 2 and retry the RA after the bfr-window. This obviously will delay the BFR process and is not the intended behavior defined by RAN1.
For the scenario 2: according to the observation 3, the UE will not perform the DL BWP switch, i.e. it will receive the response for the CF RA on the DL BWP 1. However, according to observation 4, the UE cannot receive the response from the BFR specific search space while staying on the DL BWP 1 as the associated BFR search space is configured in DL BWP2.
For the scenario 3: according to the observation 3, the UE shall switch it DL BWP to the DL BWP 1. However, the UE cannot receive the response for the BFR while staying on the DL BWP 1 due to the following reasons. 
· According to observation 2, since the DL BWP 1 doesn’t contain the CSI-RS 1, the NW couldn’t transmit the response on the DL BWP 1 via the DL beam associated with the CD-SSB; 
· According to observation 4, the DL BWP1 doesn’t contain the search space for BFR.
As a summary, there are two following issues on the BWP switch for the BFR RA.
Issue 1: Once initiating the CF RA for BFR, if UE performs the DL BWP switch due to BWP linkage, the UE may not be able to receive the response in case that the new active DL BWP doesn’t contain the RS of the candidate beam selected by the UE for BFR.
Issue 2: Once initiating the CF RA for BFR, no matter whether the UE performs the DL BWP switch due to BWP linkage or not, the UE may not be able to receive the response for BFR as the BFR specific search space may not be configured on the UE’s active DL BWP.
2.3 Proposals
To solve the issue 1, a simple way would be that the UE does not perform the DL BWP switch if the UE performs the CF RA for BFR. This will not introduce any issue since for CF RA, after receiving the preamble the NW can identify the UE and know the active DL BWP of the UE. Furthermore, this can be extended to the CF RA on the SpCell for any other events beside for BFR, including the CF RA triggered due to DL data arrival and HO. 
Proposal 1:DL BWP switch based on BWP linkage is not applied to CFRA triggered by BFR.

For the issue 2, if we look at the current ASN.1 for the BFR dedicated search space configuration, it is actually a kind of restriction for BWP linkage.  After initiating CF RA for BFR on a UL BWP, in order to receive the response from the BFR search space, the UE may need to switch to the DL BWP which contains the BFR search space that is included in the BFR configuration of the UL BWP. We don’t see any necessity for such BWP switch. To solve this issue, our view is that the search space for BFR should be configured per DL BWP, i.e. the specific search space for BFR response can be moved from the UL BWP configuration to the PDCCH dedicated configuration of each DL BWP. Then the UE can monitor the PDCCH in the BFR specific search space without DL BWP switch after transmitting the CF preamble for BFR. 
Proposal 2: The BFR specific search space should be moved from IE BeamFailureRecoveryConfig in the UL BWP configuration to PDCCH-Config in the DL BWP configuration.

The proposal 1 has impacts on the MAC specification and can be discussed in user plane session whether to extended this to all CFRA cases. The proposal 2 has impact on the RRC specification. The corresponding CR is provided in [3].
3. Conclusion
Observation 1: for SSB-based beam failure recovery, only if the UE’s active DL BWP contains the CD-SSB, the UE is possible to select the CD-SSB as the candidate beam and perform beam failure recovery on the active DL BWP.
Observation 2: for CSI-RS based beam failure recovery, only if the UE’s active DL BWP contains a CSI-RS, the UE is possible to select that CSI-RS as the candidate beam and perform beam failure recovery on the active DL BWP.
Observation 3: According to current MAC spec, for the contention free random access initiated for BFR, the UE shall switch its DL BWP to the one that has the same bwp-id as the UL BWP on which the random access preamble is transmitted.

Observation 4: for the contention free random access initiated for BFR, if the UE’s active DL BWP doesn’t contain the search space dedicated for the BFR, the UE has no way to receive the response for the BFR.
Proposal 1: DL BWP switch based on BWP linkage is not applied to CFRA triggered by BFR.

Proposal 2: The BFR specific search space should be moved from IE BeamFailureRecoveryConfig in the UL BWP configuration to PDCCH-Config in the DL BWP configuration.
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