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1. Introduction

At the RAN1#88 meeting, the definition of beam failure was clarified. How to recover from beam failure quickly and appropriately is important when it happens. At the RAN1#88 and #88bis meetings, there was progress regarding the mechanism to recover from beam failure and the following agreements were reached. 
Agreements:
· UE Beam failure recovery mechanism includes the following aspects
· Beam failure detection

· New candidate beam identification

· Beam failure recovery request transmission

· UE monitors gNB response for beam failure recovery request

· 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
· SS-block within the serving cell can be considered, if SS-block is also used in beam management as well

· FFS: Trigger condition for declaring beam failure

· 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
· Periodic CSI-RS and SS-blocks within the serving cell, if SS-block is also used in beam management as well

· 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

· FFS: 

· Information indicating UE beam failure

· Additional information, e.g., new beam quality

· Down-selection between the following options for beam failure recovery request transmission

· PRACH

· PUCCH

· PRACH-like (e.g.,different parameter for preamble sequence from PRACH)

· Beam failure recovery request resource/signal may be additionally used for scheduling request

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

· FFS: the control channel search space can be same or different from the current control channel search space associated with serving BPLs

· FFS: UE further reaction if gNB does not receive beam failure recovery request transmission
The above procedure seems to be similar to event triggered measurement reporting for mobility purpose. In this contribution, we first clarify the main difference between an event triggered measurement and mechanism to recover from beam recovery. For the mechanism to recover from beam recovery, how to define criteria to judge whether beam failure happens or not is important. We describe our views on how to judge beam failure using several measurements such as L1 RSRP and L3 RSRP. 
2. Mechanisms for recovery and mobility
The mechanism to recover from beam failure is captured in [1]. For the mechanism to recover from beam failure, the quality of beam pair links (BPLs) is to be checked, but details are not decided yet. As to the quality of BPLs, the direct solution is to utilize RSRP. It was agreed to support L1 RSRP for CSI acquisition when CSI-RS is configured. For mobility measurement, e.g., L3 RSRP, it was also agreed to use CSI-RS for CONNECTED mode UE in addition to SS-block. In our view, the main difference between mobility and beam recovery is that quality level of neighboring cells/TRxPs are measured for mobility while quality levels for the different beams of the same cell/TRxP are measured for mechanism to recover from beam failure. Thus, for mechanism for beam recovery, beam ranking or comparison of the beam qualities should be limited within the same cell/TRxP in order to determine whether beam failure occurs or not. If there is a need to change cells/TRxPs, i.e., handover, mobility procedure should be applied. We also note that SS-block can be still used to measure the quality levels for different beams of the same cell/TRxP.
Observations 1: For measurement for mobility purpose, quality level, i.e., L3 RSRP, of the other cells/TRxPs are measured, while quality levels, e.g., L3 RSRP, L1 RSRP, and/or CSI, for the different beams of the same cell/TRxP are measured for beam recovery purpose.
3. Beam Failure Detection and New Candidate Beam Identification
For further discussion, we would like to first clarify whether CSI-RSs for L1 RSRP measurement can be different from those for L3 RSRP measurement if configured. We prefer to allow for different CSI-RS configurations for L1 RSRP and L3 RSRP measurements since the purpose of L3 RSRP and L1 RSRP is different. The examples of separate CSI-RS configurations for L1 measurement and L3 measurement are shown in Fig. 1. In Case 1, beams with the similar beam-width are used for both L1 CSI-RS and L3 CSI-RS. However, different Tx beams are applied to L3 CSI-RSs for mobility purpose in order to cover broader directions in cell/TRxP. In Case 2, on the other hand, beams with wider beam-width are applied to L3 CSI-RS in order to reduce overhead due to L3 CSI-RS configuration and UE measurement effort for L3 RSRP measurement while achieving robust L3 measurement against UE mobility. 
Proposal 1: CSI-RS resources for L1 RSRP measurement can be different from those for L3 RSRP measurement.
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(a) Case 1                                            (b) Case 2
Figure 1 – Examples of different CSI-RS configurations for L1 and L3 measurements.
After the mobility measurement using L3 RSRP based on SS-block and L3 CSI-RS if configured, based on those measurement results, K L1 CSI-RSs are configured to measure finer beam quality for CSI acquisition. It was agreed at the RAN1#88 meeting that beam failure event occurs when the quality of BPL(s) of an associated control channel falls low enough. In this context, the best BPL(s) out of K BPLs will be used for the NR-PDCCH transmission and beam failure occurs if the qualities of the best BPL(s) become lower. In this case, BPL switching among K BPLs can be considered. However, as the qualities of K BPLs would be periodically measured and be reported to the gNodeB, such a BPL switching could be done without additional specification impact. Hence, in our view, the beam failure event would happen when the quality of all K beams is deteriorated. For this judgment, L1 RSRP is simply used to know if the quality of all K beams satisfies a certain level of quality, e.g., by comparing the worst or best L1 RSRP and a threshold. In addition, in order to know if there are beams with better quality in the same cell/TRxP, the quality of the beams outside K beams also need to be measured. For this purpose, L3 RSRP for different beams can be used. We note that a comparison between L1 RSRP and L3 RSRP is not straight-forward in some cases (e.g., Case 2 in Fig. 1) and L3 RSRP is used for comparison of quality among Tx beams in the same cell. If CSI-RS is not configured for L3 measurement for mobility, L3 RSRP is based on SS-block. Otherwise, L3 RSRP would be based on L3 CSI-RS and/or SS-block. L3 RSRP(s) associated with the current K Tx beams are then compared to those for other beams which are not covered by K Tx beams in the same cell/TRxP. If L3 RSRP for other beams is higher than that for the current K Tx beams, UE sends the request message for recovery. In the above procedure, an association between L1-CSI-RS and SS-block, and an association between L1 CSI-RS and L3 CSI-RS if configured are needed to compare the beam quality levels. For such associations, a spatial quasi-colocation assumption between L1 CSI-RS and SS-block (L3 CSI-RS if configured) can be used. 
Proposal 2: As a criterion to judge whether the beam failure event occurs or not, L1 RSRP or CSI for K configured CSI-RS associated with Tx beams is compared to a threshold.
Proposal 3: As a criterion to know if there are other visible beams in the same cell/TRxP, L3 RSRP of the beams currently used or configured is compared to L3 RSRP of other beams of the same cell/TRxP.

Proposal 4: Spatial QCL assumption between L1 CSI-RS and SS-block, and that between L1 CSI-RS and L3 CSI-RS (if configured) are supported.

There remain some questions in the above procedure, e.g., how to consider BPLs in the NR-PDCCH design and if RLM/RLF can handle the above issue.

Proposal 5: In order to understand whether radio link monitoring/radio link failure can handle beam failure, consider first the mechanism for radio link monitoring/radio link failure.
4. Procedures for recovery 
If the triggering conditions discussed in Sect. 3 are met, the UE sends the UL signal to request cell/TRxP to perform beam recovery. What cell/TRxP needs to know includes new Tx beam ID(s) and perhaps the corresponding L3 RSRP(s). Since cell/TRxP will make the final decision on whether beam switching is needed for the UE or not, it would be beneficial for the cell/TRxP to be able to utilize the corresponding BPL qualities including L3 RSRP(s). Regarding new Tx beam ID, as is the case with initial access, association between DL RS for L3 measurement and UL signal resources can be used (This association information would be informed the UE through broadcast signal/channel during initial access). According to the DL measurement results and its association, the UE selects UL resources and TRxP can identify which Tx beam is the most appropriate for the UE. In this procedure, we consider that the PRACH preamble is a good candidate as the UL signals to indicate UL beam failure. Or, UL scheduling request (SR) and the PUSCH resource for UL grant-free transmission could be used although reusing these UL signals/channels may depend on their design. We also note that differentiation between normal scheduling request and beam recovery request would be required.

Proposal 6: UE uses association between DL RS for L3 measurement and a subset of RACH resources which association is informed by higher layer signaling. Based on the DL measurement, e.g., L3 RSRPs, and the corresponding association, UE selects the subset of RACH resources associated with the corresponding DL-RS, and sends PRACH preambles to indicate beam failure.

Proposal 7: Consider further that UE sends scheduling request or UL grant-free PUSCH to indicate beam failure. Association between DL RS and the UL signals is informed to UE by RRC signaling.

Based on the received UL signal resource at the cell/TRxP, the cell/TRxP can obtain the best Tx beam for the UE. When the cell/TRxP switches the cell/TRxP Tx beams, a spatial QCL assumption between a DL RS antenna port(s) and DL RS antenna port(s) for demodulation of NR-PDCCH may also change. Without this information, UE will fail to decode the NR-PDCCH. After transmitting the UL signal for requesting beam recovery procedure and before knowing the new spatial QCL assumption for NR-PDCCH decoding, the UE needs to rely on the robust NR-PDCCH transmission. For this purpose, we consider that NR-PDCCH search space for the RAR can be used. Note that such search space may be called UE group search space or common search space. We note that the NR-PDCCH does not carry the RAR and uses C-RNTI for beam recovery purpose, but caries the higher layer signaling to reconfigure the new spatial QCL assumption for the NR-PDCCH decoding, and possibly CSI-RS and/or Resource setting, CSI reporting, etc. 
Proposal 8: After UE sends beam failure reporting, UE should, for NR-PDCCH reception, use the UE Rx beam that is used to measure the best SS-block RSRP and DM-RS ports used to receive the NR-PDCCH carrying RAR.
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Figure 2 – Recovery for beam failure.
We also consider the following approach to recover from beam failure. In multi-beam system, beams can be classified as active beam(s), backup beam(s) or unused beam(s), where active beam(s) are used for transmission during the normal transmission period while the backup beam(s) or inactive beams are used for beam cycling during the blockage period. Here, backup beams keep updated through the DL measurement based on SS-block/MRS/CSI-RS. The system during blockage period returns to normal transmission through beam recovery procedure once new active beam(s) are found. However, the beam recovery procedure incurs additional delay even though less beams need to be swept by using the backup beam(s). To support robustness of data channel, DMRS based semi-open-loop transmission scheme can be considered as a fallback scheme when triggered. During the DMRS based semi-open-loop transmission, a quick beam recovery is attempted. UE shall feedback the beam related information like DMRS port index or beam index to TRP for active beam(s) acquisition. The case when dynamic switching scheme is used is illustrated in Fig. 3.
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Figure 3 – Dynamic switching to robust transmission scheme.
Proposal 9: NR shall support DMRS based semi-open loop transmission. UE and TRP switch to semi-open-loop transmission schemes as a fallback scheme when triggered.
5. Conclusion
In this contribution, we described our views on mechanism to recover from beam recovery triggered by UE. We propose the following features to be supported for NR.
Observations 1: For measurement for mobility purpose, quality level, i.e., L3 RSRP, of the other cells/TRxPs are measured, while quality levels, e.g., L3 RSRP, L1 RSRP, and/or CSI, for the different beams of the same cell/TRxP are measured for beam recovery purpose.
Proposal 1: CSI-RS resources for L1 RSRP measurement can be different from those for L3 RSRP measurement.

Proposal 2: As a criterion to judge whether the beam failure event occurs or not, L1 RSRP or CSI for K configured CSI-RS associated with Tx beams is compared to a threshold.

Proposal 3: As a criterion to know if there are other visible beams in the same cell/TRxP, L3 RSRP of the beams currently used or configured is compared to L3 RSRP of other beams of the same cell/TRxP.

Proposal 4: Spatial QCL assumption between L1 CSI-RS and SS-block and that between L1 CSI-RS and L3 CSI-RS (if configured) are supported.
Proposal 5: In order to understand whether radio link monitoring/radio link failure can handle beam failure, consider first the mechanism for radio link monitoring/radio link failure.
Proposal 6: UE uses association between DL RS for L3 measurement and a subset of RACH resources which association is informed by higher layer signaling. Based on the DL measurement, e.g., L3 RSRPs, and the corresponding association, UE selects the subset of RACH resources associated with the corresponding DL-RS, and sends PRACH preambles to indicate beam failure.

Proposal 7: Consider further that UE sends scheduling request or UL grant-free PUSCH to indicate beam failure. Association between DL RS and the UL signals is informed to UE by RRC signaling.

Proposal 8: After UE sends beam failure reporting, UE should, for NR-PDCCH reception, use the UE Rx beam that is used to measure the best SS-block RSRP and DM-RS ports used to receive the NR-PDCCH carrying RAR.
Proposal 9: NR shall support DMRS based semi-open loop transmission. UE and TRP switch to semi-open-loop transmission schemes as a fallback scheme when triggered.
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