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1. Introduction
In RAN1#86bis, beam recovery has been discussed for NR and the following agreements on beam recovery were reached [1]:
Agreements:

· NR supports mechanism(s) in the case of link failure and/or blockage for NR

· Whether to use new procedure is FFS

· Study at least the following aspects:

· Whether or not an DL or UL signal transmission for this mechanism is needed

· E.g., RACH preamble sequence, DL/UL reference signal, control channel, etc.

· If needed, resource allocation for this mechanisms

· E.g., RACH resource corresponding mechanism, etc.
In this contribution, we discuss beam recovery mechanisms in the case of link failure and/or blockage.
2. Discussion
2.1 Beam Quality Monitoring
In multi-beam system, degradation of channel qualities would occur frequently during transmission taking into account UE mobility and rotation, channel blockage and potentially bursty interference. DL and UL might both face this severe issue at the same or different time.  Generally we can have these following candidate solutions for monitoring beam qualities at the gNB side.

(a) Monitoring UL measurement reference signals 
Case a1: According to UL measurement, tje gNB can find the potential issues for UL beam(s);
Case a2: If there exists reciprocity, the results of UL monitoring can also show the potential issue for DL beam(s).However, frequent transmission of UL measurement reference signal is necessary, if it is required that to identify beam-quality issues. .
(b) Monitoring beam/CSI feedback or channel quality of DL channel
Case b1: gNB triggers aperiodic beam or CSI reporting but does not receive the associated reports, which means that link failure occurs potentially. 
Case b2: There are periodic reports from the UE but the gNB cannot detect the information in PUCCH, which means that UL beams cannot work well.
Case b3: The gNB successfully detects beam/CSI reports and consequently finds whether DL beam qualities meet the pre-specific requirement.
(c) Monitoring beam qualities through data scheduling
Case c1: gNB can find the issue for beam qualities 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 c2: gNB can find the issue for beam qualities 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).
On the other hand, we can have these following candidate solutions for monitoring beam qualities at the UE side.
(d) Monitoring DL measurement reference signals or SS
Case d1：UE monitors signal qualities for DL measurement reference signals or SS and consequently find the DL beam issue.
Case d2：If reciprocity exists, UE can report this issue to gNB for indicating the possible issue for UL; 
However, the frequent transmission of DL measurement reference signal is necessary, if requiring that this beam-quality issue should be promptly identified.
(e) Monitoring this issue through some sweeping-based channel, such as PBCH, common control channel.
Observation 1：

· gNB can find  degradation of beam quality through monitoring UL reference signal, UL feedback or UL scheduling.
· UE can find degradation of beam quality through monitoring DL SS, reference signal or sweeping-based channel, such as PBCH, common control channel. 
2.2 Beam Recovery Mechanism
According to the declining degree of beam quality, the beam recovery 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 obviously or currently used beam pair is not optimal, but the transmission link has not failed just with low spectral efficiency..
According to the above analysis, promptly discovering the issue of beam qualities requires frequent UL reference signal transmission/feedback, which is similar to UE-side discovering. In the ideal situation, if the frequently transmitting of DL/UL channel exists, this Class-2 issue can be found directly. Subsequently, eNB/UE would conduct beam switching, and as a consequence Class-1 issue can be prevented efficiently.  
Proposal 1：Beam measurement and switching for transmission and alternative beam groups should be supported via aperiodic or periodic sweeping in order to improve the link robustness. 
However, NR system strives to avoid always-on signals taking into account interference, overhead and forward compatibility. Therefore gNB and UE might hardly monitor beam quality in some cases, and Class-1 issue would occur frequently. In such case, re-initiating random access badly impacts the system performance. A fast beam recovery becomes necessary. 

Observation 2：Efficient monitoring beam qualities rely on frequent transmission of always-on DL/UL channel or signals.
Proposal 2： New beam recovery mechanism(s) should be supported in the case of link failure and/or blockage.
While Class-1 issue occurs, current transmission link fails. To be more specific, if UL link is broken, UE cannot report results of beam monitoring; if DL link is broken, DL control channel cannot be used for initiating beam switching or measurement. New beam recovery mechanism is to 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 finding current transmission fails, BS initiates beam recovery mechanism to transmit UL or DL beam switching signals using control channel with more robust configurations.
· Option-2: Once finding this link failure, UE adopts the robust transmission scheme with sufficient diversity gain on UL and transmit signals indicating this issue by feeding back UL and/or DL beam qualities. BS initiates beam training using robust control channel. According to training results, BS and UE carry out beam switching and achieve beam recovery.
· Option-3: UE finds this issue and indicates the beam switching for BS using robust UL transmission scheme. Subsequently BS indicates beam switching using robust control channel.  

In Option-1, BS initiates beam switching independently; however, in Option-2 and Option-3, BS accomplished UE-assisted beam switching. While there exists DL always-on signals, UE can find this issue promptly. Briefly, Option-1 is a basic beam recovery mechanism, but Option-2 and Option-3 are the enhanced ones. Whether UE assisting is necessary depends on BS’s capability of finding link outage. 

Proposal 3： At least Option-1 should be supported for Beam Recovery, and further study Option-2, 3.
For option-1, multiple kinds of DL control channel should be supported in NR [2]. For instance, some control channels are optimized with the objective of transmission efficiency, but some control channels should consider transmission robustness. For enhancing robustness, control channel can be transmitted through multi-beams based transmission [3], where the number of beams used are determined by BS configuration, and therefore it can be used to transmit beam (or beam group)switching/indication signals for supporting beam recovery. Regarding Option-2 and Option-3, DL also needs to adopt more robust transmission scheme beside the aforementioned UL one. This signals for beam recovery can be transmitted by PRACH or PUCCH under multi-beams based transmission. It should be noticed that once using this scheme for reporting this, UE also need to detect multi-beams transmission for DL control channel. 
Proposal 4： Introduce multi-beams based transmission for PDCCH in NR. 
3. Conclusion
This contribution provides our following observations and proposals for beam grouping principles: 
Observation 1：

· gNB can find the degradation of beam quality through monitoring UL reference signal, UL feedback or UL scheduling;

· UE can find this degradation of beam quality through monitoring DL SS, reference signal or sweeping-based channel, such as PBCH, common control channel;  

Observation 2：Efficient monitoring beam qualities rely on frequently transmission of always-on DL/UL channel or signals.
Proposal 1：Beam measurement and switching for transmission and alternative beam groups should be supported via aperiodic or periodic sweeping in order to improve the link robustness. 
Proposal 2： New beam recovery mechanism(s) should be supported in the case of link failure and/or blockage.
Proposal 3： At least Option-1 should be supported for Beam Recovery, and further study Option-2, 3.

Proposal4： Introduce multi-beams based transmission for PDCCH in NR. 
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