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1. Background

Previous agreements about beam failure recovery are summarized below for reference [1-3].
Agreements:

· Beam failure is declared only when all serving control channels fail.

· When a subset of serving control channels fail, this event should also be handled


· Details FFS
Agreements:

· In addition to periodic CSI-RS, SS-block within the serving cell can be used for new candidate beam identification

· The following options can be configured for new candidate beam identification  

· CSI-RS only

· Note: in this case, SSB will not be configured for new candidate beam identification

· SS block only

· Note: in this case, CSI-RS will not be configured for new candidate beam identification

· FFS: CSI-RS + SS block
Working assumption:

· For beam failure recovery request transmission on PRACH, support using the resource that is CDM with other PRACH resources.

· Note that CDM means the same sequence design with PRACH preambles. 

· Note that the preambles for PRACH for beam failure recover request transmission are chosen from those for content-free PRACH operation in Rel-15

· Note: this feature is not intended to have any impact on design related to other PRACH resources

· Further consider whether TDM with other PRACH is needed

2. Discussion

2.1. RS for new beam identification
The following agreement on new beam identification RS was reached in RAN1#90 [3].

Agreements:

· In addition to periodic CSI-RS, SS-block within the serving cell can be used for new candidate beam identification

· The following options can be configured for new candidate beam identification  

· CSI-RS only

· Note: in this case, SSB will not be configured for new candidate beam identification

· SS block only

· Note: in this case, CSI-RS will not be configured for new candidate beam identification

· FFS: CSI-RS + SS block

The benefits of joint CSI-RS and SS block as new beam identification RS are not clear. First of all, it is noted that CSI-RS beams can be either wide beams or narrow beams, not necessarily tied to the SS block beam width. The bandwidth of CSI-RS is also flexibly configurable (wideband or narrow-band), unlike SS block bandwidth that is fixed. Hence, SS block can be viewed as a special case of CSI-RS, and whatever functionality that SS-block can achieve can be equally supported by CSI-RS. If SS-block alone is deemed sufficient for new beam identification, SS block should be configured. If SS-block alone is not considered sufficient for new beam identification, CSI-RS should be configured instead. There is no clear benefit of jointly configuring SS-block and CSI-RS for new beam identification, compared to CSI-RS alone. 

Proposal 1: Do no support CSI-RS + SS block for new beam identification.
2.2. Beam failure criterion

At least condition 1 (all beams for control channel fail) is agreed as a trigger for beam failure request transmission. In our view, this condition is sufficient and there is no need to introduce another beam failure criterion. To summarize, the purpose of beam failure recovery is to identify the event where gNB cannot transmit DL control signal successfully to the UE on any beam, corresponding to condition 1. If a subset of beams fails, DL control channel can still reach the UE via the remaining “good” beams, which contradicts the definition of “beam failure”. Note that in the previous meetings it has been agreed that DL control channel can be transmitted on multiple beams simultaneously or different OFDM symbols. By attempting to send a DL control channel on different beams (e.g. different OFDM symbols) and analyzing the ACK/NAK/PUSCH response, the gNB is able to obtain information on whether a beam is sufficiently reliable for DL control channel transmission, and reconfigure DL beam for PDCCH if necessary. This can be done by gNB implementation without standardized support.

Proposal 2: Do not introduce other beam failure condition.

2.3. L1 resources for beam recovery transmission
PUCCH and non-contention-based PRACH have been agreed for L1 resource for beam request transmission, while contention-based PRACH is FFS.

2.3.1 PUCCH

We do not believe PUCCH without beam sweeping is reliable for beam failure request transmission. If all DL beams have failed (due to blockage, rotation, etc), UE/gNB cannot safely assume the existing UL beam is not blocked. Hence, PUCCH beam sweeping must be used in order for the beam failure request to reach the gNB successfully.  

Proposal 3: Do not support PUCCH without beam sweeping for beam failure request transmission. 

2.3.2 Non-contention-based PRACH

Simultaneous configuration of PUCCH and non-contention-based PRACH for beam failure request transmission needs to be further discussed in terms of necessity. If beam failure capacity is a concern, it can be easily addressed by increasing the amount of resources configured for non-contention-based PRACH PUCCH (or PUCCH). 

Proposal 4: Do not support simultaneous configuration of PUCCH and non-contention-based PRACH.

2.3.3 Contention-based PRACH

Contention-based PRACH has already been agreed as the method for initial beam acquisition during initial access procedure, by association between SS block and PRACH resources. Reusing the mechanism for new beam identification and beam failure request transmission is straightforward, natural, without additional specification or implementation complexity. Beam failure request can be sent by PRACH using UL beam sweeping (if DL/UL correspondence does not hold), or an UL beam equivalent to the DL Rx beam of the new candidate beam (if DL/UL correspondence holds).
Proposal 5: 
Beam failure request is sent by contention-based PRACH using UL beam sweeping (if DL/UL correspondence does not hold), or an UL beam equivalent to the DL Rx beam of the new candidate beam (if DL/UL correspondence holds).
The 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 in multiple resource groups each with different UL Tx beams. A mapping between a subset of resources within one resource group and DL Tx beams can be established. UE can select a subset in a group according to the new DL Tx beam and transmit request signal in the subset rather than in all resources in the group. gNB implicitly derive the new DL Tx beam from the index of the subset on which the request signal is received. If beam correspondence holds at gNB (which in our view should be the case in NR), resource in one group can be divided into subset in time domain, e.g., one subset comprises one OFDM symbol. 
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Figure 1: Beam reovery resource configuration
UE identification can be resolved by 4-step PRACH. After receiving the request signal, TRP sends an Msg2-like message. Msg2 carries information of the PRACH resource on which gNB receives the beam failure request signal. Msg2 and its DCI are transmitted on the new DL Tx beam. By identifying information of PRACH resources carried in Msg2, UE determines whether its request signal has been successfully delivered. Resource allocation information is included in Msg2 for UE to send an Msg3-like message. Possibly, indication for UL Tx beam is carried in the Msg3-like message transmission. In the Msg3-like message, C-RNTI of the UE is included. Contention resolution can be resolved in Msg4 transmission. 
2.4. gNB response

The following agreements in RAN1#89 and RAN1#AH2 are noted:

· Detection of a gNB’s response for beam failure recovery request during a time window is supported

· FFS the time window is configured or pre-determined

· FFS the number of monitoring occasions within the time window

· FFS the size/location of the time window

· If there is no response detected within the window, the UE may perform re-tx of the request

· FFS details

…..
· 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

It is FFS whether the number of beam failure request retransmissions is determined by an absolute retransmission number, or a timer (i.e. retransmission window). It needs to be determined if the number of (re)transmissions would dynamically change based on other system factors, e.g. availability of physical channels (e.g. PUCCH), collision with other physical signals, dropping of L1 signals as such. If there is a risk of misaligned understanding of a transmission instance between the gNB/UE, then using the number of transmissions is not preferable. Using a timer (transmission window) is more robust. 

In LTE the time window for monitoring Msg2 after Msg1 transmission has a length of ra-ResponseWindowSize subframes which starts 3 ms after Msg1. For NR beam recovery based on PRACH, having the window size/location pre-determined or configured are both possible. If scheduling flexibility is deemed important, configuring the window size/location on a UE-specific basis can be considered. We also note that this issue has impact to the general NR random access procedure and could be discussed in both MIMO and initial access agenda. 
Proposal 6:

· Number of transmissions for beam failure recovery request is determined by a window.
QCL assumption for PDCCH in a CORESET is configured by RRC/MAC-CE. It has been agreed in previous meetings that the PDCCH carrying gNB response to a beam failure request will be assumed QCL-ed with the Tx beam that the UE reported (if an alternative new beam exists) or with the SS-block beam otherwise. Hence if a beam failure report is sent in slot n, the UE should start monitoring gNB response in the CORESET on the new beam (or SS block beam) starting from slot n+K, until the timer expires. The value of K should be discussed. For other PDCCH (e.g. UL/DL grant for unicast data), it should be clarified if UE should continue or stop to monitor them on the configured CSI-RSs, after beam failure has been sent. Since these beams are considered “failed” by the UE, continuing monitoring these beams may result in unnecessary UE complexity or false alarm.

Proposal 7:

· Discuss the delay between the beam failure report instance and start of the gNB response window.
· Discuss whether UE should continue or stop monitoring PDCCH on the old “failed” beams, after beam failure request is sent. 
3. Conclusion
In this contribution, we discuss the remaining issues for beam failure recovery. Our proposals are summarized as:

Proposal 1: 
Do no support CSI-RS + SS block for new beam identification.
Proposal 2: 
Do not introduce new beam failure condition other than condition 1.
Proposal 3: 
Do not support PUCCH without beam sweeping for beam failure request transmission. 

Proposal 4: 
Do not support simultaneous configuration of PUCCH and non-contention-based PRACH.

Proposal 5: 
Beam failure request is sent by contention-based PRACH using UL beam sweeping (if DL/UL correspondence does not hold), or an UL beam equivalent to the DL Rx beam of the new candidate beam (if DL/UL correspondence holds).
Proposal 6:
 Number of transmissions for beam failure recovery request is determined by a window.
Proposal 7: 
Discuss the delay between the beam failure report instance and start of the gNB response window.
Proposal 8:  
Discuss whether UE should continue or stop monitoring PDCCH on the old “failed” beams, after beam failure request is sent. 
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