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1. Introduction
In last meeting, beam recovery has been discussed for NR and the following agreements on beam recovery were reached [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, the beam recovery mechanisms in the case of link failure and/or blockage are further discussed.
2. Beam monitoring

In multi-beam system, degradation of channel quality would occur frequently during transmission taking into account UE mobility and rotation, channel blockage and bursty interference. Since this severe issues may occur simultaneously or independently for DL and UL, efficient beam monitoring should be considered at both gNB and UE sides.
2.1 Beam quality monitoring at gNB side

Generally, there are following candidate solutions for monitoring beam quality at gNB side.

(a) Monitoring via measurement results from reference signal

Case a1: According to UL measurement, gNB can identify the issues of UL link, e.g., gradually degraded link quality via decreasing SNR or RSRP.
Case a2: If reciprocity is satisfied, the result of UL monitoring can also show the potential issue of DL link. 

(b) Monitoring via feedback related to data scheduling

Case b1: gNB can find the issue of beam quality via UL data scheduling, e.g., gNB does not receive any data after sending UL Grant, which means that “UE cannot receive DL control information” (implying that the beams/channel associated with DL control channel are blocked or the associated link fails) or “UE transmits UL data but gNB fails to receive it” (implying that the beams/channel associated with UL data channel are blocked or the associated link fails).

Case b2: gNB can find the issue of beam quality via DL data scheduling, e.g., gNB does not receive A/N after sending DL Grant, which means that “UE cannot receive DL control information” (implying that the beams/channel associated with DL control channel are blocked or the associated link fails) or “UE transmits DL A/N but gNB cannot detect it” (implying that the beams/channel associated with UL data channel are blocked or the associated link fails).
Observation 1: NB can find degradation of beam quality through monitoring UL reference signalsor UL data.
2.2  Beam quality monitoring at UE side

On the other hand, the following candidate solutions for monitoring beam quality can be used at the UE side.
(a) Monitoring DL measurement reference signals or SS

UE monitors signal quality for DL measurement reference signals or SS, and finds the DL beam issue and UL beam issue if reciprocity exists.  

(b) Monitoring beam issue through sweeping-based channel, such as PBCH, common control channel.
According to the monitoring, several components, e.g., link failure indication and recommended beam ID, could be fed back to gNB through RACH or PUCCH or PUSCH, which would inform gNB that the link failure occurs and/or which new link should be adopted.
Observation 2: UE can find degradation of beam quality through monitoring DL SS, reference signal or sweeping-based channel. 
Observation 3: Efficient beam quality monitoring relies on frequent transmission of DL/UL channel or signals.
3. Beam recovery mechanisms
According to the declining degree of beam quality, the beam issues can be roughly divided into two categories:  

· Class-1 issue：Beam quality decays below the lower bound of data transmission, and as a consequence the associated link has failed.
· Class-2 issue：Beam quality declines or currently used beam pair is not optimal but the current link has not failed just with poor quality.
In general, solutions of discovering the issue of beam quality timely always require frequent DL/UL reference signal transmission and flexible UL feedback. However, NR system strives to avoid always-on signals taking into account interference.  
While Class-1 issue occurs, current transmission link fails. To be more specific, if UL link is failed, UE cannot report results of beam monitoring. If DL link is failed, DL control channel using the same beam as data channel cannot be used for initiating beam switching or measurement. New beam recovery mechanism should establish a robust link for DL beam switching indication and/or UL CSI reporting.

 Generally, the following options for beam recovery can be considered. 

· Option-1: Once the link failure is identified, gNB initiates beam recovery mechanism to transmit UL or DL beam switching signals using control channel with more robust configuration.

· Option-2: Once the link failure is identified, UE indicates this issue to gNB, then gNB initiates beam switching using control channel.  While there exists DL always-on signals, UE can find link issue promptly.
3.1 Beam recovery initiated by UE

In Option-2, the UE initiates beam recovery, since UE can discover degradation of beam quality through monitoring DL SS, reference signal or sweeping-based channel accurately when beam failure/blocking is happen, this option has been agreed in last meeting. Beam recovery mechanism initiated by UE involves the following issues. 
Triggering condition: In our understanding, UE-initiated beam recovery mechanism is designed for the case that all the current links fail, which means the current control channel cannot be utilized. Hence the triggering condition can be the detection that current beam receive quality falls lower than a predefined threshold which indicates the lowest requirement to demodulate control channel correctly. 
Report content: In order to reconfigure beam information, gNB needs to acquire some information, such as new beam/beam set information, UE ID and so on, based on UE’s report. However, UE cannot report all the information in one instance as it requires large amount of uplink resource to be reserved. Considering trade-off between resource utilization efficiency and performance, we give the following alternatives for beam recovery. 
Alt.1 

· Step 1: UE measures DL beam quality and check whether beam recovery triggering condition is met. 
· Step 2: When triggering condition is met, UE sends preamble in a subset of reserved uplink resource set. The selection of the resource subset is associated with new beam ID. If a set of new beam indices is about to be reported, UE selects multiple resource sets to send preamble.

· Step 3: gNB does blind detection of the sent preamble and acquires new beam information based on selected resources.
· Step 4: gNB sends DL control on new beam(s) and reallocates uplink resource.
· Step 5: UE detects DL control in predefined location(s) and acquires DL control information.

· Step 6: UE reports UE ID to gNB in allocated uplink resources.

Alt. 2 
· Step 1: UE measures DL beam quality and check whether beam recovery triggering condition is met.
· Step 2: When triggering condition is met, UE sends preamble in a subset of reserved uplink resource set. The selection of the resource subset is associated with new beam ID. Uplink beam used to transmit preamble is selected based on channel reciprocity. The transmission of preamble is repeated several times in the resource subset.
· Step 3: gNB does blind detection on the preamble and acquires failed UE ID(s).
· Step 4: gNB acquires the beast DL beam based on channel reciprocity and transmits DCI accordingly. 
· Step 5: UE detects DCI in predefined locations to acquire DCI.

Alt.1 can be used in scenarios regardless beam correspondence is available or not, whereas Alt.2 can only be used in the cases which beam correspondence is available. The benefit of Alt.2 is that it works more rapidly that Alt.1. 
How to report: The above procedures demand gNB to receive UE’s report by Rx beam sweaping. For Alt.1, RACH design can be reused. On the other hand, resource configuration can be more flexible than current RACH, which can be further studied. In NR, repeating transmission for SR or ACK/NACK in uplink control is needed. As gNB needs to acquire the corresponding UE ID, Alt.2 can reuse this repeating transmission design. 
Proposal 1: Both Alt1 and Alt 2 should be supported for beam recovery mechanism initiated by UE.
3.2 Beam recovery initiated by gNB
In Option-1, gNB initiates beam recovery. gNB can discover degradation of beam quality through monitoring UL reference signal or UL data. For UL beam recovery, gNB can monitor link quality and discover problems accurately. Hence Option-1 seems to be a good candidate for UL beam recovery. For DL beam recovery, compared with Option-2, this option seems simpler, and its performance do not depends on DL RS periodicity as gNB can trigger DL RS. Hence Option-1 can be complementary for Option-2 in DL beam recovery.
Proposal 2: NR should also support efficient beam recovery mechanism initiated by gNB.

Beam recovery initiated by gNB can be performed within a selected set of beams. The selected set contains M beams where M can be configured. M can be a large number to do beam recovery in a large angle range of beams, e.g., the entire beam space. M can also be a small number to do beam recovery in a predefined small angle range corresponds to a subset of beams in the entire space. 
Different kind of DL control channel should be supported in NR [2]. For instance, one kind of control channel is optimized with the objective of transmission efficiency when current beam work well, but the other kind of control channel should consider transmission robustness. For enhancing robustness, control channel can be transmitted through multi-beams [3], where the number of beam are determined by network configuration, which can be used to transmit beam recovery information. 

In last meeting，we have agreed that UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously. However, the specific value of M is not decided yet. From our point of view, M should be configurable to be adaptable to different use cases and UE types. As too large M may lead to low recovery efficiency and too small M may lead to poor beam recovery performance, multiple values of M are recommended. For example, M can be M1 or M2, which corresponds to subframe set 1 and subframe set 2, respectively. When M is large, subframe interval in the associated subframe set can be large, and vice versa. Another approach is to configure two types of control channel, for which independent configuration of M value can be performed. 
Proposal 3: Multiple values of M should be supported for NR PDCCH 
3. Conclusion

This contribution provides our following observations and proposals for beam grouping principles: 
Observation 1: gNB can find degradation of beam quality through monitoring UL reference signal, UL data.
Observation 2: UE can find degradation of beam quality through monitoring DL SS, reference signal or sweeping-based channel. 
Observation 3:  Efficient beam quality monitoring relies on frequent transmission of DL/UL channel or signals.
Proposal 1: Both Alt1 and Alt 2 should be supported for beam recovery mechanism initiated by UE.
Proposal 2: NR should also support efficient beam recovery mechanism initiated by gNB.

Proposal 3: Multiple values of M should be supported for NR PDCCH. 
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