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1. Introduction & Background
In last 3GPP RAN1 NR Ad-hoc meetings, beam recovery for NR MIMO was discussed and following agreements were made [1]:
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

Agreements:
· NR-PDCCH transmission supports robustness against beam pair link blocking

· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where

· M≥1. Maximum value of M may depend at least on UE capability.

· FFS: UE may choose at least one beam out of M for NR-PDCCH reception

· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols

· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 

· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration

· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains

· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).

· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design

· FFS: Required parameters

· FFS: Need to support both higher layer signaling and MAC CE
In this contribution, beam recovery procedures are discussed.
2. Discussion
For UE monitoring NR-PDCCH on M BPLs, multiple NR-PDCCH transmissions on different BPLs may be realized by FDM/TDM/CDM/SDM and different BPLs can be from same or different antenna panels or TRPs. 

As analyzed in our NR-PDCCH contribution [2], there are two scenarios of NR-PDCCH transmission:
· Scenario 1: NR-PDCCH transmission uses different beams compared to NR-PDSCH, which is typically wide beam based transmission for the purpose of wide-range coverage. Contents carried by such NR-PDCCH includes ‘group common PDCCH’, or single stage DCI design for NR-PDCCH and so on. Figure 1(a) is an illustration of NR-PDCCH monitoring BPL under scenario 1.
· Scenario 2: NR-PDCCH transmission uses same beams compared to NR-PDSCH, which is typically narrow beam based transmission for the purpose of energy-convergent propagation for UE-specific DL control information, e.g., the second DCI for a two stage DCI. Figure 1(b) is an illustration of NR-PDCCH monitoring BPL under scenario 2.
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Figure 1(a): Candidate monitoring BPL for scenario 1 NR-PDCCH 
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Figure 1(b): Candidate monitoring BPL for scenario 2 NR-PDCCH 
If the BPLs for NR-PDCCH and NR-PDSCH are different, then there are several cases of blockage as shown below in Figure 2, 3, 4. 

· Case 1: all the BPLs for NR-PDCCH are good, but the BPL for NR-PDSCH is blocked (see Figure 2).

· Case 2: some BPLs for NR-PDCCH are blocked, but the other BPLs for NR-PDCCH are good (see Figure 3).
· Case 3: all the BPLs for NR-PDCCH are blocked (see Figure 4).
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Figure 2: Case 1 of BPL blockage
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Figure 3: Case 2 of BPL blockage
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Figure 4: Case 3 of BPL blockage
Case 1 and Case 2 can employ the newly designed beam recovery procedures which realize fast switching among the BPLs, while Case 3 needs to trigger initial beam management procedures or traditional RRC reconstruction process.
The network-side-initiated beam recovery is the baseline, and UE-initiated beam recovery is complementary. The UE can monitor the DMRS in NR-PDSCH and/or CSI-RS and compare the beam measurement results (RSRP, CQI, etc.) with the predefined beam failure criteria. In order to compromise between the accuracy and timeliness, a proper counter can be designed by UE. The counter is incremented if the measurement result satisfies the predefined criteria. When the counter reaches the predefined value in a measurement time window, the UE will send the beam failure triggering information to gNB to initiate the beam recovery procedure. And the NACK counts also can be used for UE counter for NR-PDSCH transmission.
Proposal 1: A kind of predefined criteria associated with UE counter can be used as the triggering condition of recovery signal associated UE behavior of monitoring RS/channel.
If the beam recovery procedure is initiated by UE, the triggering information will be reported to gNB. Here the new type preamble can be designed similar to PRACH and transmitted by UL beam sweeping. It is also possible to send the beam recovery request information on UL control channel. The new type preamble/request information can include the recommended best BPL(s) for NR-PDCCH and/or NR-PDSCH. Whether the BPL(s) for NR-PDCCH and NR-PDSCH are good or blocked depends on the blockage cases.
Proposal 2: The new type preamble/beam recovery request information on UL control channel can be used to indicate the triggering information of beam recovery and/or the recommended best BPLs for NR-PDCCH/NR-PDSCH.
According to the triggering information from UE, the gNB should indicate the new BPL(s) for NR-PDSCH and may indicate the new BPL(s) for NR-PDCCH. The BPL(s) switching for NR-PDCCH depends on the blockage case. Besides, if the wide BPL(s) is used for NR-PDCCH, then the new narrow BPL(s) for NR-PDSCH also can be obtained by DL beam sweeping in the indicated wide BPL(s) because this wide BPL(s) covers several narrow data beams.
Proposal 3: The gNB indication should indicate the new BPL(s) for NR-PDSCH and may indicate the new BPL(s) for NR-PDCCH. Besides, the gNB can also indicate the measurement parameters associated with the DL beam sweeping to obtain the new BPL(s) for NR-PDSCH.
3. Conclusion

In this contribution, the beam recovery procedures are discussed, and the following proposals are given:
Proposal 1: A kind of predefined criteria associated with UE counter can be used as the triggering condition of recovery signal associated UE behavior of monitoring RS/channel.
Proposal 2: The new type preamble/beam recovery request information on UL control channel can be used to indicate the triggering information of beam recovery and/or the recommended best BPLs for NR-PDCCH/NR-PDSCH.

Proposal 3: The gNB indication should indicate the new BPL(s) for NR-PDSCH and may indicate the new BPL(s) for NR-PDCCH. Besides, the gNB can also indicate the measurement parameters associated with the DL beam sweeping to obtain the new BPL(s) for NR-PDSCH.
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