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1. Introduction

In NR-MIMO, how to recover the beam pair link quickly and appropriately is important when beam failure happens. At the RAN1 NR ad-hoc meeting, the mechanisms to provide robustness against beam pair link blocking and beam recovery mechanism were discussed [1] [2]. It was agreed to support UE-initiated mechanisms to recover from beam failure as follows.
Agreements:
· NR supports that UE can trigger mechanism to recover from beam failure 

· Network explicitly configures to UE with resources for UL transmission of signals for recovery purpose

· Support configurations of resources where the base station is listening from all or partial directions, e.g., random access region

· FFS: Triggering condition of recovery signal (FFS new or existing signals) associated UE behavior of monitoring RS/control channel/data channel
· Support transmission of DL signal for allowing the UE to monitor the beams for identifying new potential beams

· FFS: Transmission of a beam swept control channel is not precluded

· This mechanism(s) should consider tradeoff between performance and DL signaling overhead

In the agreed mechanism, a UE triggers to report UL signal to tell a TRP beam failure when it judges beam failure happens. RAN1 should carefully define proper conditions based on which UE can trigger such a reporting. Also, the mechanism to switch the beams and to resume data transmissions quickly needs to be established. In this document, we describe our views on efficient mechanism to recover from beam failure. 

2. Mechanisms to recover from beam failure
In our view, if the beam failure occurs, UE can’t successfully receive any of configured CSI-RSs (K) and DL control/data signals within an active beam, while the other inactive beams are still visible to the UE through DL signals for mobility measurement such as SS-block, MRS, and/or CSI-RS. This is illustrated in Fig. 1. Reporting beam failure is performed based on those DL measurements. If the UE often triggers to send UL signals even though the current beam is still usable, transmissions of these UL signals becomes wasteful. On the other hand, if UE less often triggers reporting, the beam recovery procedure would be delayed. Hence, appropriate beam triggering conditions are required. As it was agreed to support DL signal transmission for allowing the UE to monitor the beams for identifying new potential beams, such beam measurements through DL signals can be used to determine whether beam recovery is required or not. For example, SS-block-RSRP can be used for this purpose. If the SS-block-RSRP associated with the current active set of TRP Tx beams or beam pair links becomes lower than the measured SS-block-RSRP(s) which is associated with non-active set of TRP Tx beams or beam pair links, reporting is initiated. This triggering condition is similar to that for intra-frequency handover, e.g., Event A3. 

Proposal 1: Comparison of SS-block RSRPs between the active beam set and non-active beam sets is used for triggering UL signal transmissions to recover from beam failure.
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Figure 1 – Beam failure.
If the triggering conditions are met, the UE sends the UL signal to request TRP to perform beam recovery. What TRP needs to know includes new TRP Tx beam ID(s) and perhaps the corresponding SS-block RSRP(s). We note that, in any case, TRP will make the final decision on whether beam switching is needed for the UE or not. In that sense, it would be beneficial for the TRP to be able to utilize the corresponding SS-block RSRP(s). Regarding new TRP Tx beam ID, as is the case with initial access, association between one or multiple occasions for DL broadcast channel/signal and a subset of 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 TRP can identify which Tx TRP 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 2: UE reuses association between one or multiple occasions for DL broadcast channel/signal and a subset of RACH resources which association is informed by broadcast system information. Based on the DL measurement, e.g., SS-block RSRPs, and the corresponding association, UE selects the subset of RACH resources associated with the best SS-block RSRP, and sends PRACH preambles to indicate beam failure.

Proposal 3: NR further considers that UE sends scheduling request or UL grant-free PUSCH to indicate beam failure. Association between one or multiple occasions for DL broadcast channel/signal and the UL signals is informed to UE by RRC signaling.

Based on the received UL signal resource at the TRP, the TRP can obtain the best TRP Tx beam for the UE. When the TRP switches the TRP 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 NR-PDCCH associated with the new TRP Tx beam. For this purpose, we consider that NR-PDCCH or search space for the RAR can be used, that is, UE uses 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. Note that such search space may called UE group search space or common search space. We note that the NR-PDCCH does not carry the RAR 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., if necessary.

Proposal 4: 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 5: 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.
3. 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.
Proposal 1: Comparison of SS-block RSRPs between the active beam set and non-active beam sets is used for triggering UL signal transmissions to recover from beam failure.
Proposal 2: UE reuses an association between one or multiple occasions for DL broadcast channel/signal and a subset of RACH resources which association is informed by broadcast system information. Based on the DL measurement, e.g., SS-block RSRPs, and the corresponding association, UE selects the subset of RACH resources associated with the best SS-block RSRP, and sends PRACH preambles to indicate beam failure.

Proposal 3: NR further considers that UE sends scheduling request or UL grant-free PUSCH to indicate beam failure. Association between one or multiple occasions for DL broadcast channel/signal and the UL signals is informed to UE by RRC signaling.

Proposal 4: 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 5: 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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