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1 Introduction

Many agreements about beam failure recovery mechanism were reached at previous meetings and captured in the draft TS [1]. However, there are some agreements has not captured or incorrectly captured in current TS version. Additionally, there some remaining issues should be clarified in current TS version. In this contribution, all these issues on beam failure recovery will be included.

2 Summary of agreements not captured yet

This section summarizes the not-yet-captured agreements, with suggested text proposals, on beam failure recovery.
2.1 PDSCH beam indication and CORESET monitor timing

After last meeting [2], the default QCL for PDSCH and CORESET monitor timing during beam failure recovery procedure were agreed in the email discussion.
	Agreement:
Upon receiving gNB response for beam failure recovery request transmission, UE shall
· UE shall monitor CORESET-BFR for dedicated PDCCH reception until one of the following conditions is met: 
· Reconfigured by gNB to another CORESET for receiving dedicated PDCCH and activated by MAC-CE a TCI state if the configured CORESET has K>1 configured TCI states 
· FFS: if a default TCI state can be assumed for PDCCH after reconfiguration without MAC-CE activation

· Re-indicated by gNB to another TCI state(s) by MAC-CE of CORESET(s) before beam failure

· Until the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE shall assume DMRS of PDSCH is spatial QCL’ed  with DL RS of the UE-identified candidate beam in the beam failure recovery request
· After the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE is not expected to receive a DCI in CORESET-BFR.

· Note: this applies to same carrier case.


The conclusion of email discussion regarding to UE’s receiving behavior on PDCCH and PDSCH after successfully receiving the PDCCH within the window configured by higher layer parameter Beam-failure-recovery-request-window is not captured. If is not captured, UE’s receiving behavior on PDCCH and PDSCH after successfully receiving the PDCCH within the window configured by higher layer parameter Beam-failure-recovery-request-window is not clear. According to the agreement, the suggested revision is as follows [3]:
	Text proposals for TS 38.213 v15.0.0 Section 6

< Unchanged parts are omitted >

6
Link reconfiguration procedures
< Unchanged parts are omitted >
A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET. The UE may receive from higher layers, by parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in Subclause 8.1. After 4 slots from the slot of the PRACH transmission, the UE monitors PDCCH for a DCI format with CRC scrambled by C-RNTI, within a window configured by higher layer parameter Beam-failure-recovery-request-window, and receives PDSCH according to an antenna port quasi co-location associated with periodic CSI-RS configuration or SS/PBCH block with index 
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 in set 
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, in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET. After successfully receiving the PDCCH within the window configured by higher layer parameter Beam-failure-recovery-request-window, UE shall continue to monitor the PDCCH and receive PDSCH until UE is reconfigured by gNB to another CORESET for receiving dedicated PDCCH and activated by MAC-CE a TCI state if the configured CORESET has K>1 configured TCI states  or re-indicated by gNB to another TCI state(s) by MAC-CE of CORESET(s) before UE detects that the radio link quality for all corresponding resource configurations in the set 
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 that the UE uses to assess the radio link quality is worse than the threshold Qout,LR, for a consecutive number of times with a value provided by higher layer parameter beamFailureInstanceMaxCount.  
< Unchanged parts are omitted >


2.2 Condition for beam failure detection

In RAN1 90b meeting [4], the beam failure is declared when the number of consecutive detected beam failure instance exceeds a configured maximum number. 

	Agreement:
· A beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number


The current TS 38.213 version doesn’t capture this agreement, the suggested revision is as follows [3]:
	Text proposals for TS 38.213 v15.0.0 Section 6

< Unchanged parts are omitted >

6
Link reconfiguration procedures
< Unchanged parts are omitted >
The physical layer in the UE shall, in slots where the radio link quality according to the set 
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 is assessed, provide an indication to higher layers when the radio link quality for all corresponding resource configurations in the set 
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 that the UE uses to assess the radio link quality is worse than the threshold Qout,LR, for a consecutive number of times with a value provided by higher layer parameter beamFailureInstanceMaxCount.   

< Unchanged parts are omitted >


3 Summary of incorrectly captured agreements

This section summarizes the incorrectly captured agreements, with suggested text proposals, on beam failure recovery.
3.1 The threshold for candidate beam identification
In last meeting, the metric for candidate beam selection was agreed. 
	Agreement:
The measurement metric for candidate beam selection is L1-RSRP
· An RRC parameter is introduced to configure the threshold value for L1-RSRP based on CSI-RS

· Another threshold can be implicitly derived for L1-RSRP based on SSB




According to the agreement, UE should applied Qin,LR threshold for candidate beam identification,  the suggested revision is as follows [3]:
	Text proposals for TS 38.213 v15.0.0 Section 6

< Unchanged parts are omitted >

6
Link reconfiguration procedures
< Unchanged parts are omitted >
The physical layer in the UE shall assess the radio link quality according to the set 
[image: image6.wmf]0

q

 of resource configurations against the threshold Qout,LR [10, TS 38.133]. The threshold Qout,LR and Qin,LR corresponds to the default value of higher layer parameter RLM-IS-OOS-thresholdConfig and Beam-failure-candidate-beam-threshold, respectively. For the set 
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, the UE shall assess the radio link quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions DM-RS monitored by the UE. The UE applies the configured Qin,LR threshold for the periodic CSI-RS resource configurations. The UE applies the Qout,LR Qin,LR threshold for SS/PBCH blocks after scaling a SS/PBCH block transmission power with a value provided by higher layer parameter Pc_SS. 
< Unchanged parts are omitted >
The UE shall provide to higher layers information identifying a periodic CSI-RS configuration index or SS/PBCH block index 
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 from the set 
[image: image9.wmf]1

q

if the radio link quality corresponding to the in-sync L1-RSRP of 
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 is better than Qin,LR. 
< Unchanged parts are omitted >


3.2 Starting point of the observation window of gNB response

In last meeting, the starting point of the observation window of gNB response to beam failure recovery request transmission is 4 slots was agreed. 

	Agreement:
The measurement metric for candidate beam selection is L1-RSRP
· An RRC parameter is introduced to configure the threshold value for L1-RSRP based on CSI-RS

· Another threshold can be implicitly derived for L1-RSRP based on SSB




According to the agreement, UE should monitor the response to beam failure recovery request transmission from n+4 slot, if beam failure recovery request transmits at n slot. The suggested revision is as follows [3]:
	Text proposals for TS 38.213 v15.0.0 Section 6

< Unchanged parts are omitted >

6
Link reconfiguration procedures
< Unchanged parts are omitted >
A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET. The UE may receive from higher layers, by parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in Subclause 8.1. After 4 slots from the slot of the PRACH transmission, With the PRACH transmission in slot n, from the slots n+4
, the UE monitors PDCCH for a DCI format with CRC scrambled by C-RNTI, within a window configured by higher layer parameter Beam-failure-recovery-request-window, and receives PDSCH according to an antenna port quasi co-location associated with periodic CSI-RS configuration or SS/PBCH block with index 
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 in set 
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, in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET. 
< Unchanged parts are omitted >


4 Discussions of new agreements needed in Release 15
This section summarizes new agreements needed in Release 15, with suggested text proposals, on beam failure recovery.
4.1 Remaining issue on beam failure detection RS
In the current specification, a set 
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 of periodic CSI-RS resource configuration indexes are configured by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, but the QCL assumption for 
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are not defined. As a consequence, UE has no QCL assumption to perform the radio link quality measurement on 
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.Therefore, we have the following proposal:

Proposal 1: The set 
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 of periodic CSI-RS resource configuration should have the same QCL assumption with the TCI state applied for control resource sets.

For the configuration of beam failure detection RS, there are two mechanisms supported in current draft spec.: explicit configuration and implicit configuration.

For explicit configuration, a set 
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 of periodic CSI-RS resource configuration indexes are indicated by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig for a UE. And for implicit configuration, the UE determines 
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 to include SS/PBCH blocks and periodic CSI-RS configurations with same values for higher layer parameter TCI-StatesPDCCH as for control resource sets that the UE is configured for monitoring PDCCH.

However, as only periodic CSI-RS resources can be indicated for explicit configuration, the beam failure detection RS cannot reflect beam failure recovery results if SS/PBCH blocks are used as RSs for candidate beam selection. That is, as the new beam (
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) is not included in the beam failure detection RS, the link quality of the all beams within the set 
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 will be worse than the threshold Qout,LR even after successful beam failure recovery, which results in keep sending beam failure request. The simplest solution for this problem is to add 
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 into the set 
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 after successful beam failure recovery, if 
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 is configured by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig and 
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 is chosen from one of SS/PBCH block indexes.

Proposal 2: If the set 
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 is configured by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig and 
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 is a SS/PBCH block index, the UE updates the set 
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 to include 
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 after receiving the PDCCH within the window configured by higher layer parameter Beam-failure-recovery-request-window.
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4.2 Remaining issue on the PUCCH resource for BFRR 
4.2.1 PUCCH resource for beam failure recovery request

Both PUCCH and PRACH have been agreed for beam failure recovery request transmission, and these two different UL channels should target for different beam failure scenarios and being complementary for each other. These beam failure scenarios include DL beam failure only and both DL and UL beam failure scenarios. As  PRACH resources is dedicatedly reserved for each UE no matter it transmit the beam failure recovery request or not, it will lead to the increase waste of the overhead if simply relying on PRACH based BFRQ for both of the two scenarios. For instance, in case of non-beam correspondence scenario, the probability of both DL and UL beam fails is very low and it is most likely that DL beam failure  happens but UL beam is still available in which PUCCH can work well to carry the BFRQ. Thus, PUCCH should be supported in Release 15 as the complementary to PRACH.

Proposal 3: To increase the robust of the system, PUCCH should be supported in Release 15 as the complementary to PRACH. 

Higher layer signaling should be supported to indicate UE PUCCH based BFRQ is enabled. 

4.2.1.1 For beam failure case

As the periodic PUCCH resource for other purpose, e.g. beam reporting always exist, reusing these PUCCH for transmitting the BFRQ will not consume additional resources. In addition, PUCCH can support larger payload than PRACH, thus it can convey more beam relevant information on beam failure recovery request. Among all the PUCCH resources, PUCCH for beam reporting is more suitable to be reused for BFRQ transmission. As PUCCH for beam reporting is supposed to carry the beam index and the related beam quality information. For BFRQ, it is also required to report the new identified beam information, e.g. beam index and corresponding quality information to aid the gNB to schedule with the new beam. Therefore, considering the similarity, it is beneficial to reuse the PUCCH for beam reporting to transmit the new candidate beam information for beam failure recovery request. The standard effort to design a new PUCCH format for BFRQ can be saved if reusing the same PUCCH format as beam reporting. Additionally, the same payload should be used to avoid blind detection. It is only required to define different information state to distinguish whether it is regular beam reporting or BFRQ based on the same PUCCH format. Beam failure recovery request has a higher priority than beam reporting. UE should report top N beam information, including beam index and beam quality during beam management procedure on PUCCH resource. If beam failure occurs, UE should report the following contents. When beam reporting beam number N = 1, UE should report candidate beam index and predefined state, e.g. L1-RSRP = 0, to distinguish beam reporting and beam failure recovery request. And when N>1, UE should report the same N candidate beam index and corresponding L1-RSRP.

Proposal 4: Support reusing the same PUCCH resource/PUCCH format/payload for beam reporting to carry beam failure recovery request information, e.g. recommended beam(s) and beam quality with different information state.

Proposal 5: Different information state should be defined to distinguish whether it is regular beam reporting or beam failure recovery request based on the same PUCCH format.
4.2.1.2 For a subset of PDCCH beams fail(s) case

It has been agreed that the case of a subset of serving beam fail(s) should also be handled. As only a subset of serving beam fail, at least one of the serving beam is still active which we can called it partial beam failure. To avoid unnecessary transmission with the failed beam for the base station, it is beneficial to inform this partial beam failure information to gNB in time. Upon this information, gNB can configure a new available serving beam to replace the failed beam. For this case, the beam for PUCCH is still available for the transmission and thus PUCCH can be used to carry the partial beam failure information. More specifically, the PUCCH for beam reporting is more suitable for the transmission of partial beam failure information. As partial beam information includes which beam fails and or the new recommended beam information which is similar with the information of beam reporting. Therefore, these two type of information can share the same PUCCH format. However, different state for the PUCCH should be considered to distinguish the conventional beam reporting and partial beam failure information. Partial beam failure recovery request has a higher priority than beam reporting. UE should report top N beam information, including beam index and beam quality during beam management procedure on PUCCH resource. If beam failure occurs, UE should report the following contents. When beam reporting beam number N = 1, UE should report failed beam index and L1-RSRP = 0 to distinguish beam reporting and partial beam failure request. And when N>1, UE should report the same N failed beam index and corresponding L1-RSRP.

Proposal 6: Support reusing the same PUCCH resource/PUCCH format/payload to carry the subset of serving beam failure information, e.g. failed beam(s) and beam quality with different information state. 

Proposal 7: Different information state should be defined to distinguish whether it is regular beam reporting or partial beam failure request based on the same PUCCH format.
4.3 Remaining issue on candidate beam identification threshold

For the new beam identification, according to agreements and current draft spec, only a Qin,LR, in term of L1-RSRP, is explicitly configured for CSI-RS, corresponding to the higher layer parameter Beam-failure-candidate-beam-threshold. It is also agreed that UE shall implicitly derive another threshold for SS/PBCH block after scaling with a transmit power offset between SS/PBCH block and CSI-RS, provided by the higher layer parameter Pc_SS. However, since this parameter Pc_SS is configured for each CSI-RS resource, i.e., different CSI-RS resource in the candidate beam list may have a different transmit power. One single Qin,LR cannot serve as a fair threshold for new beam identification.
As a solution, we may follow a similar way for SS/PBCH block, that UE can derive another threshold by scaling with the transmit power offset among different CSI-RS resources, which can be calculated by the difference of Pc_SS configured for each CSI-RS resource. In addition, UE needs to know which CSI-RS resource is the RS has the baseline transmit power corresponding to the explicitly configured Qin,LR, for example, the CSI-RS which is QCLed with PDCCH can serve as the reference CSI-RS.
Proposal 8: Support UE to derive another candidate beam threshold for CSI-RS resource by scaling with the transmit power offset among CSI-RS resources, provided by the difference of Pc_SS. 
	Text proposals for TS 38.213 v15.0.0 Section 6

< Unchanged parts are omitted >

6
Link reconfiguration procedures
< Unchanged parts are omitted >
The UE applies the configured Qin,LR threshold for the periodic CSI-RS resource configurations. The UE applies the Qout,LR Qin,LR threshold for SS/PBCH blocks after scaling with a SS/PBCH block transmission power offset with a value provided by higher layer parameter Pc_SS. 
< Unchanged parts are omitted >


4.4 Remaining issues on default TCI after beam failure recovery 

Beam management procedure has defined several default TCI assumptions to cope with non-regular use cases. When beam failure occurs and previous TCI becomes invalid, for the duration until the reconfiguration of the new TCI state, default TCI should be defined for UE’s reception for both PDCCH and PDSCH. To resolve this issue, the following agreement is made through the email discussion after RAN1 91 meeting  
	Agreement:
Upon receiving gNB response for beam failure recovery request transmission, UE shall
· UE shall monitor CORESET-BFR for dedicated PDCCH reception until one of the following conditions is met: 
· Reconfigured by gNB to another CORESET for receiving dedicated PDCCH and activated by MAC-CE a TCI state if the configured CORESET has K>1 configured TCI states 
· FFS: if a default TCI state can be assumed for PDCCH after reconfiguration without MAC-CE activation

· Re-indicated by gNB to another TCI state(s) by MAC-CE of CORESET(s) before beam failure

· Until the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE shall assume DMRS of PDSCH is spatial QCL’ed  with DL RS of the UE-identified candidate beam in the beam failure recovery request
· After the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE is not expected to receive a DCI in CORESET-BFR.

· Note: this applies to same carrier case.


From this agreement, it can be seen that the ending time for the validation of the default QCL for PDSCH is determined by the reconfiguration/activation/re-indication of TCI state for PDCCH. After this timing, UE should determine its TCI as regular mechanism. For instance, UE determines its TCI as the indicated TCI state in the DCI if the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset. However, when the TCI states are still not activated by MAC CE, the indication of TCI by DCI cannot be regarded as invalid. 
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As shown in Figure 1, UE sends beam failure recovery request at T0. After UE receives beam failure recovery response, beam training procedure will be conducted between UE and gNB. Then, if the TCI-PresentinDCI is set as ‘Enabled’, UE may receive the RRC signaling of M TCI state(s) for PDSCH at T1, receives RRC signaling of K TCI state(s) for PDCCH at T2, receives MAC-CE signaling of TCI state(s) for PDCCH if K >1 at T3, receives MAC-CE signaling of TCI state(s) for PDSCH at T4, and receives DCI signaling of TCI state(s) for PDSCH at T5.As aforementioned discussion, for the duration between T3 and T4, current TCI determination mechanism cannot apply as TCI state for PDSCH hasn’t been activated.  Therefore, for the duration between reconfiguration/activation/re-indication of TCI state for PDCCH and reactivation of TCI state for PDSCH, another default TCI state should be specified to address the ambiguity of TCI assumption. Since at T3, the new TCI has been identified and activated for PDCCH, the reliability can be guaranteed if it also applies for PDSCH. 
Figure 1. Reconfigured QCL timing after beam failure

Thus, we have the following proposal

Proposal 9: UE should assume the DMRS of PDSCH is spatial QCL with the TCI state of its PDCCH for the duration between reconfiguration/activation/re-indication of TCI state for PDCCH and reactivation of TCI state for PDSCH if the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset.
5 Conclusions

This contribution discusses remaining issues for beam failure recovery mechanism in NR and we have the following proposals:

Proposal 1: The set 
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 of periodic CSI-RS resource configuration should have the same QCL assumption with the TCI state applied for control resource sets.

Proposal 2: If the set 
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 is configured by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig and 
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 is a SS/PBCH block index, the UE updates the set 
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 to include 
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 after receiving the PDCCH within the window configured by higher layer parameter Beam-failure-recovery-request-window.
Proposal 3: To increase the robust of the system, PUCCH should be supported in Release 15 as the complementary to PRACH. 

Proposal 4: Support reusing the same PUCCH resource/PUCCH format/payload for beam reporting to carry beam failure recovery request information, e.g. recommended beam(s) and beam quality with different information state.

Proposal 5: Different information state should be defined to distinguish whether it is regular beam reporting or beam failure recovery request based on the same PUCCH format.
Proposal 6: Support reusing the same PUCCH resource/PUCCH format/payload to carry the subset of serving beam failure information, e.g. failed beam(s) and beam quality with different information state. 

Proposal 7: Different information state should be defined to distinguish whether it is regular beam reporting or partial beam failure request based on the same PUCCH format.
Proposal 8: Support UE to derive another candidate beam threshold for CSI-RS resource by scaling with the transmit power offset among CSI-RS resources, provided by the difference of Pc_SS.
Proposal 9: UE should assume the DMRS of PDSCH is spatial QCL with the TCI state of its PDCCH for the duration between reconfiguration/activation/re-indication of TCI state for PDCCH and reactivation of TCI state for PDSCH if the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset.

References

[1] 3GPP, TS 38.213 v15.0.0 

[2] RAN1 Chairman's Notes RAN1_91, 3GPP TSG RAN WG1 Meeting #91, Reno, USA, 27th November – 1st  December 2017. 
[3] R1-1800918, “Correction on beam failure recovery in 38.213”, Huawei, HiSilicon, 3GPP TSG RAN WG1 Ad Hoc Meeting, Vancouver, Canada, 22nd – 26th January 2018.
[4] RAN1 Chairman's Notes RAN1_NR 90bis, 3GPP TSG RAN WG1 Meeting 90bis, Prague, CZ, 9th – 13th October 2017.
Text proposals for TS 38.213 v15.0.0 Section 6


< Unchanged parts are omitted >


A UE can be configured, for a serving cell, with a set � EMBED Equation.3 ��� of periodic CSI-RS resource configuration indexes by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig and with a set � EMBED Equation.3 ��� of CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter Candidate-Beam-RS-List for radio link quality measurements on the serving cell. The set � EMBED Equation.3 ��� of periodic CSI-RS resource configuration has the same QCL assumption with the TCI state applied for control resource sets. If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE determines � EMBED Equation.3 ��� to include SS/PBCH blocks and periodic CSI-RS configurations with same values as the TCI state applied for higher layer parameter TCI-StatesPDCCH as for control resource sets that the UE is configured for monitoring PDCCH as described in Subclause 10.1. If the UE is not provided with higher layer parameter TCI-StatesPDCCH neither, the UE determines to include the SS/PBCH block(s) UE selected for RACH association and transmission during the initial access procedure.       


< Unchanged parts are omitted >


A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET. The UE may receive from higher layers, by parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in Subclause 8.1. After 4 slots from the slot of the PRACH transmission, the UE monitors PDCCH for a DCI format with CRC scrambled by C-RNTI, within a window configured by higher layer parameter Beam-failure-recovery-request-window, and receives PDSCH according to an antenna port quasi co-location associated with periodic CSI-RS configuration or SS/PBCH block with index � EMBED Equation.3 ��� in set � EMBED Equation.3 ���, in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET. 


If the set � EMBED Equation.3 ��� is configured by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig and � EMBED Equation.3 ��� is a SS/PBCH block index, the UE updates the set � EMBED Equation.3 ��� to include � EMBED Equation.3 ��� after receiving the PDCCH within the window configured by higher layer parameter Beam-failure-recovery-request-window.


< Unchanged parts are omitted >
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