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1 Introduction
In RAN1#AH02 meeting [1], the following agreements were achieved:
Agreements:
· RAN1 agrees that the certain number of beam failure recovery request transmissions is NW configurable by using some parameters
· Parameters used by the NW could be:
· Number of transmissions
· Solely based on timer
· Combination of above
· FFS: whether beam failure recovery procedure is influenced by the RLF event
Agreements:
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.
· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access
· Note: Multiple Msg1 can be transmitted with same or different UE TX beams 
And there was also working assumption and agreement in RAN1#89 meeting
Working assumption:
· Support at least the following triggering condition(s) for beam failure recovery request transmission:
· Condition 1: when beam failure is detected and candidate beam is identified at least for the case when only CSI-RS is used for new candidate beam identification
· FFS Condition 2: Beam failure is detected alone at least for the case of no reciprocity
· FFS how the recovery request is transmitted without knowledge of candidate beam
· Note: if both conditions are supported, which triggering condition to use by UE also depends on both gNB configuration and UE capability

Agreements:
· Support the following channel(s) for beam failure recovery request transmission:
· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources
· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 
· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 
· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure
· Support using PUCCH for beam failure recovery request transmission
· FFS whether PUCCH is with beam sweeping or not
· Note: this may or may not impact PUCCH design
· FFS Contention-based PRACH resources as supplement to contention-free beam fai 
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both
In RAN1#88bis, the following on beam recovery request were agreed: 
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
· 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

This contribution is focused on advanced beam failure recovery.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 Discussion on Beam failure request
During discussion of initial access, several PRACH preamble formats and PRACH preambles with different subcarrier spacings were agreed in last meeting, and different lengths of CP, PRACH sequence, and GP were introduced for different user cases.
During initial access, as UE hasn’t obtained the uplink synchronization, and there is no timing advance value indicated. UE will transmit the PRACH based on the downlink reception timing, and at the network side, the received PRACH will be delayed with different time intervals for UEs with different positions. So GP is reserved at the end of the PRACH sequences, and the length of GP should be long enough to cover the maximum delay for maximal coverage.
In NR, the PRACH will be re-used for beam failure recovery request, while the parameters of PRACH for different purposes may be different. As the PRACH is designed mainly focused on the requirements for initial access, which may be different from that for beam failure recovery request. For example, beam failure recovery request may happen when the beam is blocked, and at this time the UE may still keep the uplink synchronization with gNB, that is the timing advance still available for the UE. Based on this, UE can transmit the PRACH with the available TA value, which will make the PRACH received at gNB side aligned. As a result, the GP will not need to be reserved. And the duration for GP can be used for other signal/channel transmission to improve the resource utilization, especially for some PRACH formats with very long GP length, and the example for PRACH transmission for different purposes is shown in Figure 1. 



Figure 1. Example for PRACH transmission for initial access and beam failure recovery request
Based on the above discussion, we propose that:
Proposal 1: Timing advance should be used for the PRACH transmission for beam failure recovery request, and there is no need to reserve the guard period for the PRACH for beam failure recovery request.
And also, as PRACH is designed based on ZC sequence, different cyclic shift values can be adopted to multiplex more UEs. For PRACH for initial access, the cyclic shift values should be selected to guarantee the minimum time interval larger than the maximum delay spread and time uncertainty of the uplink non-synchronized UE. In other words, the available number of cyclic shift values may be limited.
While for the PRACH for beam failure recovery request, UE is still synchronized with gNB, then there is no time uncertainty for the PRACH transmission thanks to the timing advance. So cyclic shift for the PRACH for beam failure recovery request can be much smaller than that for initial access, as a result, the available number of cyclic shift values can be increased, which will increase the PRACH capacity. So we propose that:
Proposal 2: More cyclic shift values can be used for PRACH for beam failure recovery request.
In addition, considering the different subcarrier spacing values agreed for PRACH, at least 1.25kHz, 5kHz, 15kHz, 30kHz, 60kHz, and 120kHz are supported. While there is no need to select and indicate one from the full sets of subcarrier spacing values for the PRACH transmitted for beam failure recovery request. That is, based on the subcarrier spacing values configured for the data transmission, only one or several values of the subcarrier spacing are used for the PRACH. For example, in one bandwidth part, the data transmission is configured as 15kHz, then maybe only 15kHz PRACH preamble will be used for beam failure recovery request. Based on this restriction, there is no need to indicate the subcarrier spacing values for PRACH based beam failure recovery request.
2.2 Discussion on new beam identification
According to previous discussion and agreement, it can happen that whether or not a new beam is identified at UE side when beam failure occurs and is detected by UE. On condition 1, periodic CSI-RS and probably SS-blocks if agreed for beam management can be used for new beam identification. On condition 2, the beam failure may be detected alone and there is no new beam identified from UE side at all. If only beam failure is detected alone and there is no new identified by UE, the gNB might fall back to the default beam and initializes a new procedure of beam management for DL beam training for the purpose of beam recovery. 
Even if a new beam can be identified and recommended from UE side, the identified new beam cannot be too narrow and might have a broad coverage area. Such an identified new beam offers a feasible starting point for the DL beam training in the subsequent beam management. However, the consequence is that the beam management may start at the very early stage of DL beam training, e.g., starting from very broad beams, and takes more time to find a satisfied fine beam at the end of beam recovery. To reduce the overall latency in beam recovery until re-establishing a new link, methods for allowing DL beam training started at an advanced stage in the beam management have to be considered.
Observation 1: The DL beam training starts from the default beam or beam identified by the UE may result in a large latency to the overall procedure of beam recovery until re-establishing a new link.
Actually, the new beam can be not only identified by the UE, but also possibly predicted by the gNB. Although the UE can measure different beams on DL reference signals for identifying a new beam, the UE does not have the knowledge of beam entity, i.e., which physical direction a TX beam exactly points to. This situation means, the UE itself cannot perform any advanced operation, e.g., beam prediction, in case of beam failure, even when it is obviously beneficial to do so. In contrast, the gNB is aware of beam entity about the physical direction of TX beam. Therefore, the gNB is possible to benefit from more advanced operations like beam prediction provided that necessary information is available by, e.g., gNB’s measurement on UL RS or UE’s beam reporting. In some cases, the gNB may have other type knowledge of channel environment, e.g., low or large angle spreads, channel fingerprint, which are also helpful in advanced operations to benefit the beam recovery. 
Observation 2: The gNB may have the capacity of beam prediction which is beneficial to new beam identification in beam recovery, while UE lacks such capacity because of no knowledge about beam entity.
Based on the above observations, we have the following proposal.
Proposal 3: For beam failure recovery, the new beam can be not only identified by the UE, but also possibly predicted by the gNB in NR.
Upon receiving UE’s beam failure request, the gNB may predict a number of beams potentially beneficial for an advanced beam recovery if the related information is available, especially when no new beam is identified by the UE or the identified new beam is too broad and not favorable for the subsequent DL training. Generally, these beams predicted by gNB should be either more accurate or of smaller coverage than what is reported from the UE along with the beam failure request. Then the predicted beams serve as a better starting point for the DL training which advances from the default beam or the broad beam identified by UE from periodic CSI-RS and probably SS-blocks in the subsequent beam management. 
Proposal 4: Beam management with advanced DL training by employing the gNB’s capacity of beam prediction should be supported in beam failure recovery.
[image: ]
[bookmark: _GoBack]Figure 2 Advanced beam recovery 
The procedure of advanced beam recovery is described in Figure 2. Considering the beam prediction at the gNB may be not always reliable, the DL beam training might be misleadingly advanced by the gNB’s prediction. To avoid this, beam confirmation from UE side to show the effectiveness of beam prediction in advanced beam recovery is very important. The beam confirmation can be as simple as an ACK/NACK information. Therefore, the gNB could send the predicted beams to UE tentatively at first. Then gNB can decide to continue the advanced DL training in the beam management if receiving a positive beam confirmation from UE, or to fall back to the default DL training if receiving a negative beam confirmation from UE. The beam confirmation can be either explicitly, e.g., by using a dedicated PUCCH, or implicitly, e.g., by sending another beam recovery request from UE.
Proposal 5: Advanced beam recovery with new beam predicted by gNB can be explicitly or implicitly confirmed by UE, and switched to default beam recovery if a negative beam formation is received at the gNB.
3 Conclusion
This contribution provided our observations and proposals for beam recovery in NR. And particularly, there are:
Observation 1: The DL beam training starts from the default beam or beam identified by the UE may result in a large latency to the overall procedure of beam recovery for reestablishing a new link.
Observation 2: The gNB may have the capacity of beam prediction which is beneficial to new beam identification in beam recovery, while UE lacks such capacity because of no knowledge about beam entity.
Proposal 1: Timing advance should be used for the PRACH transmission for beam failure recovery request, and there is no need to reserve the guard period for the PRACH for beam failure recovery request.
Proposal 2: More cyclic shift values can be used for PRACH for beam failure recovery request.
Proposal 3: The new beam in beam failure recovery can be not only identified by the UE, but also possibly predicted by the gNB in NR.
Proposal 4: Beam management with advanced DL training by employing gNB’s capacity of beam prediction should be supported in beam failure recovery.
Proposal 5: Advanced beam recovery with new beam predicted by gNB can be explicitly or implicitly confirmed by UE, and switched to default beam recovery if a negative beam formation is received at the gNB.
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