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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 #88 meeting, the following agreements were made: 
Agreements:
· Beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer). Mechanism to recover from beam failure is triggered when beam failure occurs
· Note: here the beam pair link is used for convenience, and may or may not be used in specification
· FFS: whether quality can additionally include quality of beam pair link(s) associated with NR-PDSCH
· FFS: when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition may declare beam failure 
· FFS: search space (UE-specific vs. common) of the associated NR-PDCCH
· FFS: signaling mechanisms for NR-PDCCH in the case of UE is configured to monitor multiple beam pair links for NR-PDCCH
· Exact definition of such threshold is FFS and other conditions for triggering such mechanism are not precluded
· The following signals can be configured for detecting beam failure by UE and for identifying new potential beams by UE
· FFS the signals, e.g., RS for beam management, RS for fine timing/frequency tracking, SS blocks, DM-RS of PDCCH (including group common PDCCH and/or UE specific PDCCH), DMRS for PDSCH
· If beam failure event occurs and there are no new potential beams to the serving cell, FFS whether or not the UE provides an indication to L3. 
· Note: the criterion for declaring radio link failure is for RAN2 to decide.
· FFS: The necessity of such indication
· NR supports configuring resources for sending request for recovery purposes in symbols containing RACH and/or FFS scheduling request or in other indicated symbols
Agreements:
· Study further multi-beam based NR-PUCCH transmission for robustness against beam pair link blocking
· E.g., UE transmits NR-PUCCH on different UL Tx beams in different NR-PUCCH OFDM symbols
· FFS: multi-beam triggering condition/mechanism (e.g. event-triggered, network configured, etc.)
· FFS: number of OFDM symbols for each beam
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In this contribution, efficient beam blockage detection and recovery mechanism is proposed. 
2. Discussion
In this section, we will first provide some background on beam blockage, then a unified mechanism is proposed for the gNB and the UE to detect and recover from the beam blockage, and at last, we will illustrate the mechanism with examples.
2.1 Background on beam blockage 
The NR system is envisaged to operate over frequency ranges up to 100GHz, while here comes the challenges of fragile radio link and high penetration loss. To address these problems, beamforming is adopted as an essential technique. However, due to the high penetration loss through objects and poor diffraction around object edges at high frequencies, a beam will be sensitive to blockage. Blockage can occur either slowly/gradually or very suddenly depending on the UE speed and the motion of objects in the environment. Particularly, the sudden blockage may degrade the beam performance so fast that the gNB and/or the UE cannot perform beam switching in time, and then the beam link fails. The conventional random access procedure to solve such beam link failure is very time-consuming and causes a large latency. Hence, directly re-initiating random access will badly impact the system performance. Therefore, efficient and robust beam blockage detection and recovery mechanism is needed to combat the beam blockage between the gNB and the UE. 
2.2 Proposed mechanism for beam blockage detection and recovery
In this part, we will first discuss the basic configuration, such as the beam pool configuration, and then introduce the unified gNB/UE operations for beam blockage detection and recovery.
(a) Basic configuration 
To provide better support for the reliable beam blockage recovery, a beam pool is maintained for each UE for both control and data channel transmission. The beam pool consists of multiple beams (beam pairs) for different channels between the gNB and each UE. In general, the UL and DL transmission can adopt different beam pairs. In the beam pool, backup beam(s) are configured to deal with the beam blockage. Meanwhile, multiple beam monitoring for both control and data channels is enabled, i.e., for each channel, the gNB or the UE listens to not only the default beam, but also the backup beam(s). 
For management convenience, the beam pool can be group-based. For example, for each Rx beam at the UE, the gNB Tx beams with high correlation, or from the same TRP are grouped together, so that multiple candidate gNB Tx beam groups are constructed. At the beam reporting stage, the UE reports the performance of the best beam of each group. If one beam group is selected by the gNB and indicated to the UE for transmission, the best reported beam in that group will serve as the default transmit beam. All the other beam groups with reported performance satisfying a threshold, can serve as backup beam groups. The single backup beam group can be treated as a special case, e.g., only the backup beam that has the second best reported performance serves as the backup beam. To save signaling overhead, and to capture the long-term property of the channel, the beam pool can be configured and updated in a semi-static way.
To detect the blockage efficiently and accurately, both the gNB and the UE can be used to monitor the signals/channels and to detect the beam blockage. To declare a blockage, a timeout (TO) parameter can be configured at both the gNB and the UE. If the number of consecutive abnormal transmission phenomena exceeds the TO, blockage will be declared. The abnormal transmission phenomena can refer to no reception of expected ACK/NACK, or repeated reception of retransmissions after ACK is fed back, etc. Before the transmission starts, the counting will be reset. If the abnormal transmission phenomena are not consecutive, the counting will also be reset. The TO value can be set as 1 for delay sensitive cases.
As mentioned earlier, both the gNB and the UE can be configured to monitor backup beams. Thus, if the gNB observes that blockage happens to its transmission beam, it can directly switch the transmission beam to the backup beams directly without explicit signaling to inform the UE about the beam switch. Similar operation can be performed at the UE side.
In some scenarios, the UE can detect the blockage and determine the blockage type, such as which channel is blocked, easier and earlier than the gNB. Therefore, the TO value at the UE side can be set smaller than that at the gNB side, so that the UE can indicate the gNB about the blockage occurrence as well as the type of the blockage, to help the gNB detect the blockage and its type earlier. Detailed explanations will be provided in Subsection 2.3. 
Proposal 1: Both gNB and UE can detect the beam blockage.
Proposal 2: A timeout (TO) parameter can be configured for both gNB and UE to declare a beam blockage.
Proposal 3: With multiple beam monitoring, when blockage is detected, gNB (or UE) can switch the transmission beam to backup beams directly without explicit signaling to inform UE (or gNB) about the beam switch.
Proposal 4: UE can indicate gNB about the blockage and its type, to assist gNB to determine the occurrence and the type of the blockage.
(b) Unified gNB operation
The operation at the gNB is as shown in Figure 1. The beam pool is semi-statically configured by the gNB for each UE. After transmission starts, the gNB first resets the counting. If the uplink indication from the UE to inform the blockage is received, the blockage can be detected, and retransmission operations using the default beam or the backup beam can be performed. Otherwise, if the gNB notices that some abnormal transmission phenomenon, such as no reception of expected ACK/NACK, or no uplink data reception as expected, has occurred, it will start counting the number of such phenomena. If the same abnormal phenomenon does not continue, the counting will be reset. If the number exceeds TO, blockage can be declared, and the counting will be reset. If there are still unused backup beams at the gNB, the gNB will switch the transmit beam to the backup beam(s) directly without explicit signaling to the UE, and retransmit the previous signals; otherwise, radio link failure will be declared, and the connection should be re-constructed, such as via random access. For the other cases, the gNB will continue monitoring whether the same phenomenon keeps occurring.
To sum, the gNB operation against beam blockage is as follows: With multiple beam monitoring, when DL blockage is detected by the gNB or informed by UL indication from the UE, the gNB can switch the transmission beam to the backup beams directly without explicit signaling to inform the UE about the beam switch. 
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[bookmark: _Ref470164353]Figure 1. Unified operation at the gNB side.
(c) Unified UE operation
The operation at the UE is as shown in Figure 2. The UE first resets the counting. When it observes some abnormal transmission phenomenon, such as reception of DL retransmission after ACK is fed back, or no DL data reception in the resources indicated in DCI, it will trigger the counting of such abnormal phenomena. If the same error does not happen consecutively, the counting will be reset. If the TO is not exceeded, the UE will keep monitoring the phenomena. Otherwise, blockage will be declared, and the counting will be reset. The UE will switch the transmission beam to the unused backup beam(s) if needed. Uplink indication for blockage detection will be sent, such as via UCI, to the gNB to inform it about the blockage occurrence so that the gNB can initiate a new beam training if needed. Some useful information for the beam blockage recovery, such as which channel suffers from blockage, can be included in the indication. If there are no unused backup beams at the gNB and/or the UE, radio link failure will be declared, and some recovery procedure, such as via random access, is needed.
To sum, the UE operation against beam blockage is as follows: With multiple beam monitoring, when blockage is detected by the UE, the UE can either switch the transmission beam to the backup beams directly without explicit signaling to inform the gNB about the beam switch, or send uplink indication, such as via UCI, to inform the gNB about the beam blockage, so that the gNB can initiate a new beam training if needed. 
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Figure 2. Unified operation at the UE side.
2.3 Illustration of the proposed mechanism 
Uplink and downlink beam pairs can in general be different, while control channels and data channels can also adopt different beams. For example, it is possible that the data channel uses narrower beams than the control channel, and thus it is more vulnerable to blockage. The blockage behaviors of different channels are different, and thus different actions are needed for gNB/UE to discover and recover from the blockage. In the following, we use two examples to show the different blockage behaviors and the respective recovery procedures based on the proposed unified gNB/UE operation in Subsection 2.2.
Case 1: PDCCH blockage.
In this case, it is assumed that the gNB sends uplink grant to UE through PDCCH, while blockage occurs in the PDCCH transmission. Since the UE cannot decode the uplink grant for data transmission, it will not transmit the uplink data as the gNB has scheduled. Therefore, the gNB will not receive the desired uplink signal.
The key procedure for blockage detection and recovery in this case is shown in Figure 3. The gNB can manage a semi-static beam pool for each UE. To solve the beam blockage in this case, in the beam pool, at least one downlink backup beam (pair) is required to be configured by the gNB for each UE, and the UE needs to listen to both the dedicated beam and the backup beam at the same time. The gNB is configured with a TO for blockage declaration.
At the beginning of each transmission, the gNB resets the counting. Next, it transmits the downlink control information through PDCCH with the default beam. However, due to PDCCH blockage, the UE cannot correctly decode the DCI in the PDCCH, and cannot obtain the uplink grant. Thus, there is no uplink data reaching the gNB in the scheduled time/frequency resource configured by the gNB. The gNB will feedback NACK in PHICH. Due to blockage, PDCCH and PHICH cannot be received by the UE. If TO is exceeded, the gNB can decide that blockage happens, and will trigger the PDCCH transmission with backup beam(s). As the UE listens to not only the default beam, but also the backup beam(s), the UE can obtain the DCI information in PDCCH from backup beam(s).  Then the UE will transmit uplink data accordingly. Thus, the PDCCH blockage is resolved.
In the above procedure, the gNB can directly switch the PDCCH beam to the backup beam, which is also monitored by the UE. Then the blockage can be immediately resolved, and no extra beam determination and indication signaling between the gNB and the UE is needed. Thus, the unnecessary latency can be omitted. 
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[bookmark: _Ref472688486]Figure 3. Key procedure of the proposed mechanism for Case 1.
Case 2: PUCCH/PUSCH blockage.
In this case, it is assumed that the PDCCH is successfully delivered, while blockage happens in the uplink channel. Thus, the ACK/NACK feedback in the PUCCH channel or the uplink data in the PUSCH channel from the UE cannot be received at the gNB. The observation at the gNB is the same as the PDCCH blockage case, but the UE can provide useful information for the gNB to detect the blockage and determine the blockage type. 
The key procedure for blockage detection and recovery in this case is shown in Figure 4. We use the PUSCH blockage as an example, while the PUCCH blockage is similar. A semi-static beam pool is configured for each UE similar to the previous case. In this case, in the beam pool, at least one uplink backup beam (pair) is required to be configured for each UE. The UE is configured with a TO to declare the blockage.
At the beginning of each transmission, the UE resets the counting. Next, the UE decodes the DCI in PDCCH, and transmits the uplink data using PUSCH with the default beam. However, due to PUSCH blockage, the gNB cannot receive the uplink data in the scheduled resources. The gNB will feed back NACK in PHICH. As there is no downlink blockage, the NACK will be received by the UE. The UE keeps receiving NACK, until the number of consecutive NACKs received at the UE exceeds TO. When TO is exceeded, the UE can decide that uplink transmission suffers from blockage, and initiate the switching of the uplink beam. Then the UE will transmit an indication with backup beam to inform the gNB that blockage occurs at the PUSCH, so that the gNB can initiate a new beam training. At the same time, the UE retransmits the uplink data using PUSCH with backup beams. After the gNB receives the uplink data and indication, if it can decode the data, it will feed back ACK with PHICH. Thus, the PUSCH blockage can be resolved. 
At the gNB side, it is often difficult to decide whether the blockage is the uplink channel blockage, or the downlink blockage. Moreover, only relying the gNB to discover the blockage will cause large latency in some scenarios. In the above procedure, the uplink indication using the backup beam can make the gNB detect the blockage earlier. Otherwise, the gNB can only observe the same phenomenon as that of the previous PDCCH blockage case, and will possibly try to switch PDCCH beams, which cannot solve the PUSCH blockage issue and more latency will be incurred to discover and recover from the PUSCH blockage.
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[bookmark: _Ref472688498]Figure 4. Key procedure of the proposed mechanism for Case 2.
3. Conclusion
In this contribution, an efficient beam blockage detection and recovery mechanism is proposed for NR MIMO systems. The following proposals are made:
Proposal 1: Both gNB and UE can detect the beam blockage.
Proposal 2: A timeout (TO) parameter can be configured for both gNB and UE to declare a beam blockage.
Proposal 3: With multiple beam monitoring, when blockage is detected, gNB (or UE) can switch the transmission beam to backup beams directly without explicit signaling to inform UE (or gNB) about the beam switch.
Proposal 4: UE can indicate gNB about the blockage and its type, to assist gNB to determine the occurrence and the type of the blockage.
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