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1. Background

This contribution summarizes our views on beam failure recovery. This is a revision of R1-1715802. 
2. Discussion

2.1. RS for new beam identification
The following agreement on RS for new beam identification 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 having both CSI-RS and SS block for new beam identification are not clear. First of all, the beamwidth and bandwidth of CSI-RS are both UE-specifically configurable, as opposed to being fixed for SSB. Hence, SS block can be viewed as a special case of CSI-RS. All functionality that can be supported by SSB can be equally supported by CSI-RS. If SS-block alone is sufficient for new beam identification, SS block can be configured. If SS-block alone is not sufficient for new beam identification, CSI-RS should be configured. There is no clear benefit of having both SS-block and CSI-RS for new beam identification. 

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

Condition 1 has been agreed for beam failure request initialization.
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
Agreement:
WA on trigger condition 1 for beam recovery request transmission is confirmed with following revision

· “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
In our view, condition 1 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 control message cannot reach the UE on any beam, which corresponds to condition 1. If a subset of beams fails, PDCCH can still reach the UE via the remaining “good” beams, e.g. through other CORESET or search spaces. This is a gNB implementation issue and does not require any standardized optimization.
Proposal 2: Do not introduce other beam failure condition.

2.3. Beam measurement metric

It has not been decided if measurement metric is L1-RSRP/SNR, or BLER-like metric for PDCCH such as the IS/OOS indicator for RLM. Our preference is the latter. L1-RSRP/SNR is not sufficient to predict the PDCCH BLER given that their mapping relationship is dependent on UE-implementation and transparent to the gNB, hence gNB cannot use L1-RSRP/SNR to determine whether a beam has failed. 
Proposal 3: Performance metric to declare a beam “failure” is IS/OOS indicator, e.g. whether hypothetical PDCCH BLER is above or below a threshold.  
2.4. L1 channel for beam recovery transmission
PUCCH and non-contention-based PRACH have been agreed for beam request transmission. 
2.4.1 PUCCH

If all DL beams have failed (due to blockage, rotation, etc), UE/gNB cannot safely assume the current UL beam is not blocked. To ensure that beam failure request can reach gNB, UE may to use the DL Rx beam of the new identified beam for UL Tx beam of PUCCH (if UL/DL correspondence holds), or perform PUCCH beam sweeping (if UL/DL correspondence does not hold). For the first case, an association between PUCCH sources and RS for new beam identification may or may not established. 
· If established, PUCCH resource implicitly carries information of the new identified beam. If gNB has UL/DL correspondence, gNB should use the DL Tx beam of the RS for new beam identification for UL Rx beam of the associated PUCCH. If gNB has no UL/DL correspondence, gNB should do Rx beam sweeping. The disadvantage of establishing an association between PUCCH and RS for new beam identification is the increase of PUCCH overhead for the purpose of beam recovery.
· If not, PUCCH may carry the CRI explicitly. gNB needs to perform UL Rx beam sweeping. This increases delay of beam recovery.
In general the disadvantage of PUCCH for beam recovery is two-folds. First, as a dedicated channel, PUCCH overhead scales linearly with the cell loading and number of RS for new beam identification. This will impact capacity of other system functionalities (e.g. UCI, ACK/NAK, SR, etc) as well. Secondly, beam sweeping increases beam recovery delay, which goes against the motivation of using PUCCH in the first place (as a best-effort approach to expedite beam recovery). Given that PUCCH with beam sweeping has not been well studied and its impact is unclear, we are fine to postpone PUCCH for beam recovery to Rel.16.
 Proposal 4: Postpone PUCCH for beam failure recovery to Rel.16.
2.4.2 Contention-based PRACH

Contention-based PRACH has been agreed for initial beam acquisition, by association between SS block and PRACH resources. Reusing the mechanism for new beam identification and beam failure request transmission is straightforward, without additional specification or implementation complexity. Compared to dedicated PRACH for beam recovery, contention-based PRACH reduces PRACH overhead.
Proposal 5: Support beam failure request on contention-based PRACH.

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. 
2.5. 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

2.5.1 Number of retransmission from UE
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 discussed whether transmission opportunities of beam failure request signal is deterministic without any ambiguity, or it may vary based on other system factors (such as the availability of PUCCH channel, collision with other signals, etc). If ambiguity of actual transmission opportunities may arise, a timer (transmission window) is preferred.  Otherwise absolute retransmission number is acceptable. However, having both a timer and a window does not appear necessary.
In LTE the time window for monitoring Msg2 after Msg1 transmission is configured with length ra-ResponseWindowSize subframes which starts 3 ms after Msg1. For PRACH-based recovery, 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 discussed. 
Proposal 6: UE retransmission of beam failure request is controlled by a window.
2.5.2 Time window for gNB response 
If gNB positively receives beam failure request from UE, gNB should respond to the UE by PDCCH to acknowledge the resolution of beam failure. Optionally, gNB may reconfigure the PDCCH beams (e.g. QCL assumption). 

Detection of gNB response during a time window is supported.  If a beam failure report is sent in slot n, the UE should start monitoring gNB response starting from slot n+K. The value of K can be fixed or configured UE-specifically. UE-specific configuration is preferred to allow gNB more flexibility to arrange the scheduling opportunities for different UEs. 
Proposal 7:  Delay between the instance of beam failure signal transmission and start of the window for monitoring gNB response is configured UE-specifically. 
2.5.3 Search space for gNB response 

The CORESET on which UE monitors gNB response has several possibilities:
· Alt-1: UE monitors the current CORESET. gNB response can be 

· Alt.1.1:  Existing DCI (for unicast traffic), or
· Alt.1.2:  Dedicated DCI for beam recovery response. 

· Alt-2: UE monitors a dedicated CORESET for beam recovery response.  gNB response can be 

· Alt.2.1:  Existing DCI (for unicast traffic), or

· Alt.2 2:  Dedicated DCI for beam recovery response. 

Alt-1.1 is problematic in the sense that, if gNB fails to receive beam failure request and continues to use the old “failed” beam for PDCCH transmission, a “one-shot” successful decoding of PDCCH transmitted on the old beam is still possible at the UE, even though UE assumes the PDCCH is transmitted on the new beam. Hence, it is possible that the UE thinks beam failure is resolved, but actually it is not at the gNB. This is depicted in Figure 2. To resolve this, if UE monitors the existing COREST for gNB response, Alt-1.2 is preferred, where the dedicated DCI can be e.g. RRC reconfiguration of CORESET beams, or an explicit confirmation of the new Tx beam. Alt-2 does not suffer this problem, since detection of a PDCCH on the dedicated CORESET positively confirms beam recovery. After UE receives a gNB response on the dedicated CORESET, UE should switch to the new Tx beam for existing CORESET.
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Figure 2: Misalignment of beam recovery
Proposal 8:  For gNB response monitoring: 
· If UE monitors existing CORESET 

· A positive beam recovery response is carried by a dedicated DCI (e.g. RRC message for CORESET beam reconfiguration, or confirmation of new Tx beam).

· If UE monitors a dedicated CORESET for beam recovery
· A positive beam recovery response is an existing DCI  or dedicated DCI. 
· UE should switch to new Tx beam on exiting CORESET after beam recovery.
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 for new beam identification.
Proposal 2: 
Do not introduce other beam failure condition.

Proposal 3: 
Performance metric to declare a beam “failure” is IS/OOS indicator, e.g. whether hypothetical PDCCH BLER is above or below a threshold.  
 Proposal 4: 
Postpone PUCCH for beam failure recovery to Rel.16.

Proposal 5: 
Support beam failure request on contention-based PRACH.

Proposal 6: 
UE retransmission of beam failure request is controlled by a window.
Proposal 7:  
Delay between the instance of beam failure signal transmission and start of the window for monitoring gNB response is configured UE-specifically. 
Proposal 8:  
For gNB response: 

· If UE monitors existing CORESET 

· A positive beam recovery response is carried by a dedicated DCI (e.g. RRC message for CORESET beam reconfiguration, or confirmation of new Tx beam).

· If UE monitors a dedicated CORESET for beam recovery

· A positive beam recovery response is an existing DCI or dedicated DCI. 

· UE should switch to new Tx beam on exiting CORESET after beam recovery.
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