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Introduction
In the RAN1 #88 meeting, the following agreements regarding beam recovery have been reached [1].
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

In this contribution, further considerations on mechanism to recover from beam failure would be presented.
Discussion
Criterion of beam failure
As per the agreements beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough. According to the number of failed beam pair link (BPL) of the associated control channel, beam failure event can be categorized into two categories:
Type A: All BPLs fail
When all BPLs fail, UE needs to send a request signal to gNB so that gNB can reconfigure BPLs for the UE. If new DL Tx beam has been obtained, UE can also report the new Tx beam information together with the request signal. In case of UL BPL still works, UE can simply send the request signal and new Tx beam through current UL Tx beam.
In most cases, UE cannot be sure whether the current UL Tx beam still works. Therefore, the request shall be transmitted in a way such that it can reach the gNB reliably. If beam correspondence is valid at UE, the UE can transmit the request using new UL Tx beam corresponding to the new DL Rx beam. If beam correspondence is not valid at UE, the UE needs to transmit the request signal in beam sweeping manner. Since gNB has no knowledge of this new Tx beam and the corresponding Rx beam, it may need to try different Rx beam to receive the request signal, i.e., Rx beam sweeping is necessary. 
Type B: Not all of the BPLs fail
If not all of the BPLs’ quality fall very low, there is still a chance that gNB can use some BPL to transmit control information to UE and through the control information gNB can switch the BPL to a better BPL or trigger UE to perform beam reporting. In this sense, UE does not need to take any action when not all the BPLs fail.
gNB can observe the behavior of uplink response to infer that certain BPLs might have failed. For example, gNB have scheduled and transmitted DL data but receives no HARQ-ACK/NACK feedback for certain time interval. From this phenomenon gNB can infer that the BPL transmitting the control channel or the UL BPL might have failed. If gNB sends UL grant to UE, but no UL transmission is received, gNB can also guess that the DL BPL of control channel or BPL of UL channel has failed. When gNB has recognized the possibility that one DL BPL associated with control channel has failed, gNB can send UE control information via other DL configured BPL and reconfigure BPLs for the UE. 
Proposal 1:
· UE declares beam failure only when all the configured beam pair link(s) of an associated control channel fail.

Signal for detecting beam failure
If RS for beam management (e.g., RS for P-1) are periodically transmitted, UE could track the quality of BPLs and make preparation for an alternative BPL in case of all the associated BPLs fail. Periodic beam management RS may lead to large system overhead especially when the number of beam is large. If no periodic beam management RS is sent, gNB could send a periodic (or semi-persistent) RS for monitoring the BPLs. The RS is transmitted with the configured BPLs associated with the control channel, the number of which would be significantly smaller than the number of beams involved in beam management procedure. UE measures the strength of the received signal of the RS, if the signal level goes below certain threshold, UE can declare that the BPL has failed.
The criterion for UE to declare beam failure could be specified based on the measurement results, e.g., if the measured RSRP of all configured BPLs are lower than X dBm for Y milliseconds, UE declares beam failure. The values of X and Y can be configured by gNB. 
Proposal 2:
· UE monitors the quality of BPLs associated with the control channel based on periodical or semi-persistent RS.
Resources to transmit the request signal 
It has been agreed that the request signal can be transmitted in symbols containing PRACH or other indicated symbols. The reason to share the symbols with PRACH is to reduce overhead in case Rx beam sweeping is needed, as Rx beam sweeping is anyway performed for reception of PRACH preamble.
If UE is not sure about the status of the UL BPL, it is a safe way for the UE to assume that the UL BPL also fails. Then UE needs to transmit the request signal in beam sweeping manner. As shown in Figure 1, a UE is configured with K groups of resource in PRACH symbols and the resources are multiplexed with the PRACH resources in frequency domain (FDM). UE can transmit the request signal in multiple resource groups each with different UL Tx beams. 
If beam correspondence is valid at gNB, a mapping between the OFDM symbols within one resource group and DL Tx beams can be established. UE can select OFDM symbols in a group according to the new DL Tx beam and transmit request signal in the OFDM symbols. gNB can know which DL Tx beam the UE has been recommending by the index of the OFDM symbols on which the request signal is received.

Figure 1: Configuration of resources for request signal
The procedure
Assume one set of resources are reserved for beam recovery purposes. The transmission of the request signal within the set can be either contention-based or non-contention-based. For the non-contention-based transmission, UE transmits the request signal in a UE-specifically configured resource. There is no contention; and therefore, upon reception of the signal the gNB knows explicitly which UE is sending the signal.
In the case of contention-based transmission, the set of resources are shared by a group of UEs. Once beam failure is identified by one UE, the UE chooses randomly one resource from the resource pool and transmit the request signal. As any UE may trigger the transmission, gNB has to distinguish which UE is sending the request signal. One possible way is to distinguish UE by the used sequence. That is, gNB assigns a unique sequence to each UE that shares the set of resources. When gNB detects a request signal and figures out the UE identity by mapping the sequence to the UE identity, gNB transmits a DL control channel on the new BPL to the UE, i.e., the DCI is scrambled with UE’s C-RNTI. After sending the request signal, UE begins to monitor the control channel with Rx beam corresponding to the recommended DL Tx beam. If the procedure succeeds, the UE shall be able to detect the control channel and in the control channel gNB can indicate the UE to switch the new BPL. This is a two-step approach.
Alternatively, procedure of the 4-step RACH can be reused to resolve the contention. After receiving the request signal, gNB sends UE an Msg2-like message which is scheduled by DL control channel. In the message, gNB indicates the index of the resource/sequence on which gNB receives the request signal. The control channel is transmitted over the new DL BPL. By reading the index of the resource/sequence in the message, UE determines whether its request signal has been successfully delivered. Resource allocation information and a Temporary C-RNTI are included in the message for UE to send an Msg3-like message. Possibly, indication information for UL Tx beam of the Msg3-like message transmission is included. In the Msg3-like message, C-RNTI of the UE is included. If gNB can detect the Msg3-like message, the contention is resolved and gNB can send control channel using the new BPL to schedule data transmission. This is four-step approach.
Proposal 3:
· Both 2-step and 4-step approaches for the beam recovery procedure shall be considered.

Conclusions
In this contribution, both details of beam recovery mechanism are discussed. Based on the discussion we have the following proposals:
Proposal 1:
· UE declares beam failure only when all the configured beam pair link(s) of an associated control channel fail.
Proposal 2:
· UE monitors the quality of BPLs associated with the control channel based on periodical or semi-persistent RS.
Proposal 3:
· Both 2-step and 4-step approaches for the beam recovery procedure shall be considered.
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