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1. Introduction

For millimeter wave systems, multi-beam operations are always used to compensate the large path loss and improve the coverage. In 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. 
In the NR Adhoc meeting in Spokane, it is agreed to support UE-triggered mechanism to recover from beam failure [1]. Based on the above agreement, more progresses were achieved in the last RAN1 meeting [2][3]:
	Agreements:
· The following mechanisms should be supported in NR:

· The UL transmission to report beam failure can be located in the same time instance as PRACH:

· Resources orthogonal to PRACH resources 

· FFS orthogonal in frequency and/or sequences (not intended to impact PRACH design) 

· FFS channels/signals 

· The UL transmission to report beam failure can be located at a time instance (configurable for a UE) different from PRACH

· Consider the impact of RACH periodicity in configuring the UL signal to report beam failure located in slots outside PRACH

· FFS the signal/channel for the UL transmission

· Additional mechanisms using other channels/signals are not precluded (e.g., SR, UL grant free PUSCH, UL control)
Agreements:
· UE Beam failure recovery mechanism includes the following aspects
· Beam failure detection

· New candidate beam identification
· Beam failure recovery request transmission

· UE monitors gNB response for beam failure recovery request

· Beam failure detection 

· UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met

· Beam failure detection RS at least includes periodic CSI-RS for beam management
· SS-block within the serving cell can be considered, if SS-block is also used in beam management as well

· FFS: Trigger condition for declaring beam failure

· New candidate beam identification

· UE monitors beam identification RS to find a new candidate beam

· Beam identification RS includes

· Periodic CSI-RS for beam management, if it is configured by NW
· Periodic CSI-RS and SS-blocks within the serving cell, if SS-block is also used in beam management as well

· Beam failure recovery request transmission

· Information carried by beam failure recovery request includes at least one followings
· Explicit/implicit information about identifying UE and new gNB TX beam information

· Explicit/implicit information about identifying UE and whether or not new candidate beam exists

· FFS: 

· Information indicating UE beam failure

· Additional information, e.g., new beam quality

· Down-selection between the following options for beam failure recovery request transmission

· PRACH

· PUCCH

· PRACH-like (e.g., different parameter for preamble sequence from PRACH)

· Beam failure recovery request resource/signal may be additionally used for scheduling request

· UE monitors a control channel search space to receive gNB response for beam failure recovery request

· FFS: the control channel search space can be same or different from the current control channel search space associated with serving BPLs

· FFS: UE further reaction if gNB does not receive beam failure recovery request transmission


Based on the above agreed framework, we will discussion some remaining issues.

2. Discussion
If the beams carrying control channels have good quality, it will be very easy to switch the beams for data channels via DCIs. Thus we only need to consider the beam failure and recovery for control channels. Generally speaking, there may be three different cases when the control channels suffer beam failure:

· 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 Tx 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
In Case 1, NR can perform the above-mentioned procedures within the UL beam management framework. Thus no additional procedures/mechanisms are needed. 

Observation 1: Beam recovery for Case 1 can be done by UL beam switching via DCI and no new mechanisms are needed.
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 or reported from UE, gNB may have to perform the “fallback” communications.
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. 
Thus in the following sections, we will focus on Case 2 where the DL control channel suffers beam failure and UE will initiate the beam recovery request. 
2.1. Beam Failure Detection
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. There were some discussions on the use of SS blocks and DMRS for beam failure detection and no consensus were achieved in RAN1#88bis.
SS blocks are also periodic and can be potential signals for DL beam failure detections (possibly with different filters). This approach can avoid some of the periodic CSI-RS configured for the beams carrying SS blocks, thereby leading to the reduction of RS overhead. Thus if the active beams are selected based on SS blocks, the UE should also use SS blocks for beam failure detections.

Observation 2: UE should use the same RS type to detect the failure of a beam as that used for the selection of the same beam. 
The potential advantage of DMRS complementary to the periodic/semi-persistent CSI-RS/SS blocks is to reduce the detection latency. At the current stage, the specific performance requirements have not been determined. Thus it is not clear whether the above-mentioned periodic RS can fully satisfy the requirements of beam failure detections. 

Observation 3: The specific performance requirements of beam failure detection should be determined before evaluating the necessity and potential gain of DMRS used for beam failure detection.
2.2. New Candidate Beam Identification
It has been agreed that UE can use CSI-RS to detect new candidate beam. NR should also support SS blocks for new candidate beam identification. The reasons are as follows:

· For L3 mobility, the CONNECTED mode UEs and the system can evaluate the quality of the whole cell based on the measurement results of SS blocks. That is to say, the qualities of the beams carrying SS blocks reflect the quality of the whole cell. If SS blocks cannot be used for beam management, there will be two cases listed as follows, both of which are not preferable:
· Case 1: These beams carrying SS blocks cannot be selected during the beam management procedures. There will be logical conflict if those beams reflecting the cell-level quality cannot be used for real transmission. Thus we should avoid case 1
· Case 2: NW configures CSI-RS resource(s) for each beam carrying SS block and UE can select these beam based on the CSI-RS. However, the solution will lead to more overhead of CSI-RS resource. 
· The beams carrying SS blocks are relatively wider and the corresponding transmissions are of better robustness. Thus these beams are very suitable for the candidate beams.
· The CSI-RS configurations are usually UE-specific and the CSI-RS resources configured for beam measurement are limited due to the consideration of overhead and complexity of UE. There will be some cases where UE cannot find good beams based on configured CSI-RS. 

Proposal 1: NR should support the new candidate beam identification based SS blocks, in addition to the scheme based on CSI-RS. 
2.3. Beam Recovery Request 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 the following types of reported 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 conditions and UL transmission so that gNB can have the flexibility to make good tradeoff based on the deployment policy, UE’s services, system load and so on. 

Proposal 2: NR should support the reporting of new candidate beam(s) and NW can configure how many beams and whether their qualities to be reported. 
In order to reduce the beam recovery latency, gNB can configure contention-free UL transmission. If gNB configures dedicated signals/channels for a UE, there will be two advantages:

· Reduce the latency

· Get UE’s identification

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 3: NR should support contention-free UL transmission (PUCCH/PRACH) for beam recovery, and RACH procedure for the initial access can be the fallback mode. 
There are some candidate signals/channels which can be used for such UL transmission:

· Alt.1: PUCCH

· Alt.2: PRACH 

· Alt.3: PRACH-like (e.g., different parameter for preamble sequence from PRACH)

Alt. 1 and Alt. 2 are using the existing signals and less additional standardization efforts are required. Alt. 1 can be used to carry more reporting information and Alt. 2 may only tell gNB the occurrence of beam failure. Thus Alt. 1 and Alt. 2 can be used for different cases or scenarios. Alt.1 and Alt.2 are sufficient for the beam recovery request. Moreover, PRACH-like design will need more evaluation and standardization efforts.

Proposal 4: NR should support PUCCH and PRACH for beam failure recovery request transmission.

In RAN1#88, we have agreed to support the UL transmission to report beam failure in the same time instance as RACH resources. The remaining issues are regarding to the orthogonal multiplexing scheme of PRACH resource and the UL transmission for beam recovery. There are two alternatives:

· Alt 1: Orthogonal in frequency
· Alt 2: Orthogonal in sequences
At the current stage, the minimum UE bandwidth and the bandwidth of PRACH have not been defined. Thus it is not sure whether a UE with the minimum bandwidth can support more frequency resources in addition to PRACH resources. 

Moreover, when there are fewer new UEs entering into a cell, the cell doesn’t need to use frequency resource orthogonal to PRACH resource only for beam recovery, and can allocate some sequences for the beam recovery UL transmission while keeping low PRACH collision probability.  Thus we have 

Proposal 5: For UL transmission to report beam failure in the same time instance as PARCH, NR should support both Alt. 1 and Alt. 2. 
2.4. Recovery Schemes
If the gNB maintains a set of backup/candidate beams, it will be very beneficial:

· Once gNB gets the indication from a UE that the qualities of active beams are below some predefined threshold(s), it can quickly trigger the beam switching via DCI. Thus it can avoid some potential beam failures. 
· Once the beam failure occurs, the UE may report less information for the beam recovery as gNB has known some good candidate beam(s).

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). Thus it means that 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 to facilitate the maintenance of backup/candidate beams at gNB side.
gNB can pre-configure one or more beams for beam recovery mechanism and UE can monitor the beam(s) for gNB’s response after the UL transmission of beam recovery request. 

If gNB don’t maintain a set of backup/candidate beams or cannot find good beams, gNB can in advance configure the beam recovery request to contain new beam(s). Upon the occurrence of beam failure, UE reports the request with recommended beam(s) and then monitors gNB’s response on the reported beam(s).  

3. Conclusions
In this contribution, we discuss beam failure recovery mechanism. Based on the above discussions, we have the following observations and proposals:
Observation 1: Beam recovery for Case 1 can be done by UL beam switching via DCI and no new mechanisms are needed.
Observation 2: UE should use the same RS type to detect the failure of a beam as that used for the selection of the same beam.
Observation 3: The specific performance requirements of beam failure detection should be determined before evaluating the necessity and potential gain of DMRS used for beam failure detection.

Proposal 1: NR should support the new candidate beam identification based SS blocks, in addition to the scheme based on CSI-RS.
Proposal 2: NR should support the reporting of new candidate beam(s) and NW can configure how many beams and whether their qualities to be reported.

Proposal 3: NR should support contention-free UL transmission (PUCCH/PRACH) for beam recovery, and RACH procedure for the initial access can be the fallback mode.

Proposal 4: NR should support PUCCH and PRACH for beam failure recovery request transmission.

Proposal 5: For UL transmission to report beam failure in the same time instance as PARCH, NR should support both Alt. 1 and Alt. 2.

Proposal 6: NR should support UE triggered reporting of DL beam measurement results to facilitate the maintenance of backup/candidate beams at gNB side.
4. References

[1] RAN1 NR Adhoc Meeting in Spokane
[2] RAN1#88 Chairman’s notes
[3] RAN1#88bis Chairman’s notes
