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1. Introduction

In millimeter wave systems, multi-beam operations are always used to compensate the large path loss and improve the coverage. In the high-frequency bands, UE may happen to see the link failure with a higher probability due to UE rotation, link blockage, channel fluctuations and so on. Thus, it is important to ensure the robustness of the multi-beam system. Regarding the design of robust transmission, the following agreements were made in the last RAN1 meetings [1-3]:
	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.

Agreements:

· NR should study the necessity of event-driven UE initiated UL transmission, e.g., in the event of beam quality degradation 

· E.g. due to UE mobility/rotation, blockage, and/or link failure, etc.

· FFS: details of event(s) of beam quality degradation

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


Generally speaking, there are two kinds of recovery mechanism for beam failure: NW-initiated and UE-initiated. NR will support both of them to effectively guarantee the robustness. In this contribution we will discuss the design aspects of these two mechanisms.
2. Discussion
For a multi-beam system in NR, it is possible that the control channel and the data channel are transmitted via different beam pairs. Therefore, there may be three different types of beam failures:

· Beam failure for data channel(s) only

· Beam failure for control channel(s) only

· Beam failure for both data and control channels
For the first case, since the control channel(s) are still reliable, it is relatively easy to recover the beam-pair for the data channel:

· UE-initiated scheme:  UE detected DL beam failure and feedback the indication of beam failure and/or some recommendation of some other beam-pairs via UL control channel. Upon the reception of UE’s reporting, the gNB can recognize the current active beam-pair suffering bad condition and schedule the data transmission on other beam-pair(s)
· NW-initiated scheme: gNB detected the UL beam failure and then scheduled the data transmission on the other beam-pair(s)

In order to support the above schemes, we have the following proposal:

Proposal 1: NR should support beam switching indication via DCI.
It will be more complicated for the other two cases where the beam failures occur for the control channel(s). Thus in the following, we will focus on the beam recovery for the control channel(s).
2.1. NW-initiated mechanism

The NW-initiated mechanism is usually applied for the scenario where the UL beam failure is detected. It can be also used when gNB recognizes/guesses that the DL beam failure has occurred. 
2.1.1 Detection of beam failure

Network may be able to detect the UL/DL beam failures based on kinds of information/signals:

· Channel state information based on UL RS/data transmission: When the CSI of UL was below some threshold for a certain interval, the gNB can claim UL beam failure and may guess the occurrence of DL beam failure if the beam correspondence holds. 
· Missed feedback: Under the current configuration, gNB was expected to receive the UE’s periodic reporting, but failed to receive the corresponding feedback. Then gNB can “guess” the UL beam failure occurs. 
· Missed UL data transmission: When gNB didn’t received scheduled UL transmissions, it can “guess” there would be UL beam failure and/or DL beam failure.
· Contents of UE’s reporting:  Based on the UE’s reporting, gNB can decide whether the DL beams are still reliable.
· ACK/NACK on PUCCH: If gNB didn’t received ACK/NACK for scheduled DL transmissions, it can  recognize there would be UL beam failure and/or DL beam failure.
· …
Since different kinds of information/signals may contains different indications about UL/DL beam failures. How to use these information/signals heavily depends on the implementation of gNB. Thus we have 
Proposal 2: For the NW-initiated mechanism, the detection of beam failure and triggering of beam recovery are left to gNB’s implementation.
Proposal 3: NR should support the reporting of UEs to facilitate gNB to determine DL beam switching. 
2.1.2 Beam Recovery
As discussed above, there may be three different cases when gNB decided to trigger the beam recovery:
· Case 1: UL beam failure 
· Case 2: DL beam failure

· Case 3: DL and UL beam failures

For Case 1, gNB can send command(s) of UL beam switching to UE and UE will transmit UL signals from new/“backup” beam pair(s) according to the command(s).  If there is no available “backup” UL beam pair(s), the whole procedures need additional steps:

1. gNB triggers the UL beam management

2. Upon the reception of trigger/configuration command, UE does the UL beam sweeping accordingly

3. gNB determines the new available UL beam pair(s) based on the corresponding measurement results. 
4. gNB sends UE the command(s) of UL beam switching

5. UE transmits signals from the new beam(s) indicated by gNB
For Case 2, since the transmission on the current active DL beam pair(s) is no longer reliable, gNB needs to transmit the corresponding commands from other “backup” DL beam pair(s). If there are no available “backup” DL beam pair(s) which is pre-configured in advance, gNB has to wait for UE-initiated beam recovery.
Case 3 is a combination of Case 1 and Case 2. Thus a combination of the above solutions can be used for the beam recovery of Case 3. 

Proposal 4: NR should support the NW-initiated mechanism for the following cases: UL beam failure, DL beam failure, DL and UL beam failure.

Proposal 5: The UL/DL beam management mechanism should facilitate the selection of “backup” UL/DL beam pair(s).

2.2. UE-initiated mechanism
The UE-initiated mechanism is usually used for the scenarios where the DL beam failures are detected. 
2.2.1 Detection of DL beam failure

For the downlink, UE can measure the “instantaneous” channel state information of some specific beams. For example, a moving UE may detect a new beam which is better than the current active beam(s). That means compared to the network, UE may see timelier beam state information. Therefore, it would be beneficial to support UE triggered aperiodic beam reporting. The network may indicate some reporting configurations in advance. Then, when some trigger conditions are met, UE can start to report the beam state information according to the corresponding configurations. Upon the reception of this kind of reporting, gNB may command the DL beam switching timely to avoid DL beam failure. Moreover, gNB can select and configure some “backup” DL beam pair(s) based on such reporting. Thus we have the following proposal:
Proposal 6: NR should support UE triggered reporting of DL beam measurement results.
In RAN1 86bis, we agreed that the CSI-RS can be used for DL beam managements. Due to the limited number of measurement samples, the aperiodic CSI-RS is not suitable for the detection of DL beam failures. In contrast, the periodic and/or semi-persistent CSI-RS can be used to detect DL beam failures. 
In RAN1 NR Adhoc meeting in Spokane, it was agreed to use NR-SS for CONNECTED mode RRM measurement for L3 mobility. Thus NR-SS may also be used for DL beam failures (possibly with different filters). This approach can avoid the periodic CSI-RS or only needs long periodicity of CSI-RS, thereby leading to the reduction of RS overhead. 
Proposal 7: Detection of DL beam failures should be based on the measurement of periodic and/or semi-persistent signals; FFS down-selection of such signals: CSI-RS, NR-SS, or both of them.
Proposal 8: NR should specify the criteria for determining DL beam failures and the triggering event(s) for UE-initiated beam recovery.
2.2.2 Triggering and UL transmission
Upon the detection of DL beam failure, UE may start some UL transmission(s) for beam recovery if some pre-defined triggering event(s) is met. The UL transmission(s) may indicate parts of the following types of triggering information:
· Beam failure occurred (and which beam suffered from link failure)
· Which beam(s) are recommended by UE
The detailed information depends on the DL beam management and the configuration signaled by gNB. For example, if gNB and UE have maintained a subset of “backup” beams, it may not be necessary for UE to report the recommending DL beams (which will need more resources).  Thus it is beneficial to support configurable triggering and UL transmission so that gNB can have the flexibility to make good tradeoff based on the deployment policy, UE’s service, system load and so on. 
Proposal 9: NR should support configurable triggering and UL transmission for UE-initiated mechanism.
In order to reduce recovery latency, gNB can configure non-contention based UL transmission at the cost of more resources. We should try to reuse existing signals/channels, for example:
· Signals on PUCCH (e.g., SR)

· SRS

· Signals on reserved data resource

· PRACH

If the beam recovery is unsuccessful after the above-mentioned UL transmission(s), UE can fall back to the RACH or some RACH-like procedure to recover the transmission.
Proposal 10: NR should support non-contention based UL transmission (e.g., SR, SRS, PRACH) for beam recovery, and RACH (or RACH-like) procedure can be the fallback mode. 
2.2.3 Beam Recovery
Upon the reception of UE’s triggering information, gNB can transmit commands/signals on the “backup” DL beam(s) or the UE’s recommending DL beam(s). Thus the beam recovery procedure has been finished and the successive transmissions will be the normal operations.
3. Conclusions
In this contribution, we discuss NW-initiated and UE-initiated mechanism for beam recovery. Based on the above discussions, we have the following proposals:
Proposal 1: NR should support beam switch indication via DCI.
Proposal 2: For the NW-initiated mechanism, the detection of beam failure and triggering of beam recovery are left to gNB’s implementation.

Proposal 3: NR should support the reporting of UEs to facilitate gNB to determine DL beam switching.
Proposal 4: NR should support the NW-initiated mechanism for the following cases: UL beam failure, DL beam failure, DL and UL beam failure.

Proposal 5: The UL/DL beam management mechanism should facilitate the selection of “backup” UL/DL beam pair(s).

Proposal 6: NR should support UE triggered reporting of DL beam measurement results.

Proposal 7: Detection of DL beam failures should be based on the measurement of periodic and/or semi-persistent signals; FFS down-selection of such signals: CSI-RS, NR-SS, or both of them.
Proposal 8: NR should specify the criteria for determining DL beam failures and the triggering event(s) for UE-initiated beam recovery.
Proposal 9: NR should support configurable triggering and UL transmission for UE-initiated mechanism.
Proposal 10: NR should support non-contention based UL transmission (e.g., SR, SRS) for beam recovery, and RACH (or RACH-like) procedure can be the fallback mode.
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