
3GPP TSG RAN WG1 Meeting AH NR#3
R1-1715468
Nagoya, Japan, 18-21, September 2017
Agenda Item:
6.2.2.4
Source:
Huawei, HiSilicon
Title:
Beam Failure Recovery Design Details
Document for:
Discussion and decision 
1 Introduction

Agreements about beam failure recovery mechanism were reached and can be found in [1] [2] [3] [4]. And in RAN1 #90, following agreements/working assumptions are made: 
· 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
· 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 on NR Beam Failure Scenarios
In the practical communication system, it is feasible that gNB configures the UE with different serving beam pairs for downlink and uplink especially for the non-beam correspondence scenario. Given this, there exist three different beam failure scenarios as shown in Figure 1. For case 3 where UL beam fails but DL beam is available, gNB can sense it by detecting the uplink signal and then signal UE to either perform uplink beam switching or initiate the UL beam training procedure[5][6][7]. The most critical cases are case 1 and case 2 where DL beam fails, and UE cannot receive the signal from gNB with the serving DL beam and gNB cannot instruct UE with any behaviors to recovery the link. In this case, some specific procedure should be defined to enable UE automatically to trigger the recovery procedure and set up the communication link quickly.
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Figure 1.Different beam failure scenarios
The difference between the specific beam link recovery procedure with regular beam reporting and switching procedure is either no available UL resource for the beam reporting or no available DL resource for signaling the beam switching for beam failure recovery procedure.
Observation 1: UE centric beam failure recovery should consider DL beam failure only and both DL and UL beam failure scenarios.
3 Details of Beam Failure Recovery (BFR)
3.1 Beam Failure Detection (BFD)
To achieve robust transmission, control channel can be transmitted with multiple beams in case that one beam is blockage but another beam can still be work. As agreed in last meeting, the definition of the beam failure is based on all serving control channel beams fail. To prevent frequent beam switching caused by Ping-Pong effect, a time window should be taken into account for triggering the beam failure recovery request. For instance, the following condition considers the time window
· The quality of serving beam(s) falls below a threshold within a time window and the quality of a candidate beam is continuously higher than a threshold within a second time window
To be specific, the time window starts to count once UE detects the quality of serving beam(s) falls below a threshold at a certain time instance and then the state of being beam failure can be determined according to the statistic result of the measurement samples of beam quality within the time window duration. Although a time window with long duration can provide more robust beam failure detection, it will also lead to high latency. To support flexible configurations to achieve the tradeoff between the frequency of beam switching and the latency of beam failure detection, we have following proposal
Proposal 1: The time window duration for the beam failure detection can be configurable where the time window starts to count once UE detects the quality of serving beam(s) falls below a threshold and ends when the duration expires.
3.1.1 BFR Triggering Condition 
At RAN1 89 meeting, there are intensive discussions on the triggering conditions for beam failure recovery request, and the following are agreed as working assumption: 
· 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
Triggering condition 1: 
For condition 1, it is feasible when the new beam can be identified shortly after the beam failure detection. As shown in Figure 2a and Figure 2b, UE detects the serving beam of B3 fails at T0 but identifies the new beam at T1, and UE can trigger the beam failure request at T1 as condition1 is satisfied. In this case, the beam failure request can conveys the new beam information by PRACH or PUCCH. The UE expects that the gNB can receive the beam failure request successfully by using identified UL Tx beam due to beam correspondence. 

And subsequently, UE expects that gNB will transmit the beam failure response with its recommended beam and thus perform the blind detection within the search space corresponding to the recommended beam as shown in step 2. Following step 2, the beam quality information is needed to be reported for the scheduling if the uplink channel for step 1 is RACH channel which is not available carry the beam quality information. 
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Figure 2a.Triggering condition 1 for beam failure recovery request
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Figure 2b.Triggering condition 1 for beam failure recovery request
Triggering condition 2: 

In addition, we think triggering condition 2 should also be supported for the following two use cases.
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Figure 3a.Triggering condition 2 for beam failure recovery request
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Figure 3b.Triggering condition 2 for beam failure recovery request
Firstly, it may happen that UE detects the beam failure at certain instance, but after a long duration it still fails to detect a new candidate beam. As shown in Figure 3a, UE detects the serving beam of B3 fails at T0 and tries to identify the new beam until T2 but it still fails. In this case, it will lead to high latency for UE to wait until identifying a new beam at T4 to initiate the beam failure request if condition1 cannot be satisfied. To speed up the beam failure recovery procedure, the triggering condition can be relaxed, the UE can initiate the beam failure recovery request based on condition 2 in which the new beam identification is not required. After gNB receives the beam failure recovery request by UL multiple beam sweeping in step 1 in Figure 3b, it can trigger the transmission of aperiodic RS for beam measurement, e.g. DL multiple beam sweeping in step 2. UE then identify the new available beam based upon the measurement of the aperiodic RS for beam measurement. It can significantly reduce the latency of beam failure recovery. 
Secondly, for non-beam correspondence scenario, the DL beam pair link is different from the UL beam pair link. Given this, even if the UE can identify the new available DL beam pair link, this DL beam pair link cannot be regarded as a feasible UL beam pair link to transmit/receive beam failure recovery request. Therefore, the beam failure recovery request should be transmitted and received with a beam sweeping manner. As shown in Figure 4, gNB receives the beam failure recovery request with multiple UL Rx beams due to no beam correspondence, and it can either search for an optional beam or perform the combination with multiple beams for the detection of the beam failure recovery request. Upon the successful reception of beam failure recovery request, a new UL beam pair link will be identified. Afterwards, the gNB transmit the downlink signal with multiple DL beams for UE to find a new available DL beam and in the meanwhile be informed of the identified new UL Tx beam. The UE then feedbacks the new DL beam information on the UL channel. Until now, the new DL beam and UL beam are identified and the communication can be set up based on it. Since the transmission of beam failure recovery request will not rely on the identification of a new DL beam, it is not necessary to include the new DL beam identification as the triggering condition.
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Figure 4.Beam failure recovery procedure for triggering condition 2 
From the above discussion, we have the following proposal:
Proposal 2: Confirm the working assumption of supporting at least condition 1 based triggering condition for beam failure recovery request transmission in Rel15

3.2 Beam Failure Recovery Request (BFRQ)
3.2.1 PRACH based BFRQ
3.2.1.1 Multiplexing of RACH and beam failure recovery request
It has been agreed that RACH resources is associated with the SS block so that RACH can be received with UE’s preferred beam during initial access. It is beneficial that beam failure recovery signal can take advantage of such knowledge between RACH and SS block to use RACH resources more efficiently. As it is known, the amount of UE served by different beam is different due to various UE’s locations, it leads to unbalanced RACH resource load for different beam as different SS block is associated with different numbers of UEs. An example is illustrated in Figure 5, as more UEs are associated with the SS block of B1 than that of B2, the RACH resource load is obviously higher for B1 than B2. For the RACH resource with lower load, CDMed manner can be adopted between resource for random access and beam failure recovery request to achieve more efficient resource utilization. The beam link recovery channel/signal can share the same time and frequency resource with RACH but with orthogonal sequences, e.g., CDM group 1 for random access and CDM group 2 for beam failure recovery. On the contrary, for the RACH resource with higher load, since almost all sequences are reserved for random access purpose, a separated FDMed resource should be configured for beam failure recovery request. Thus we have the following proposal.

Proposal 3: Confirm the working assumption to support using the resource that is CDM with other PRACH resources for beam failure recovery request transmission on PRACH.
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Figure 5.FDMed and CDMed between RACH resource and beam failure recovery request resource
Utilization of multiple beams during beam failure recovery procedure can increase the chances towards a successful recovery of the communication links between gNB and UE. Considering different UE capabilities, such as the capability to support simultaneous multi-beam transmission and reception, the capability to assume Tx/Rx beam correspondence, etc., different possibilities exist for UE to determine its Tx/Rx beamforming during this recovery procedure. For instance, UE can transmit beam failure recovery request on multiple beams simultaneously or in a sweeping way. 
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Figure 6. UE sends request on multiple beams
Figure 6 shows a case that UE sends beam failure recovery request on multiple beams by using available UL resources, e.g., RACH resources. Depending on UE capability, it can transmit by using multiple beams simultaneously on each RACH resource. Or, it can sweep Tx beams to transmit the request by a different beam on a different RACH resource. Larger subcarrier spacing can also be used to accelerate this process. An additional restriction (e.g., window 1 in Figure 6) can be configured to limit the maximum number of attempts from UE side.

Proposal 4: Support UE to transmit beam failure recovery request on multiple beams.
3.2.1.2 BFRQ Transmission with SS-block-only New Beam Identification
In this subsection, we focus on the case where SS block only is configured for new candidate beam identification, and specifically, CSI-RS is not configured for new candidate beam identification.
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Figure 7. Configuration of BRACH resource for SS block
The above figure illustrates an example of four PRACH opportunities in the time domain, corresponding to four different SS indexes respectively as illustrated in the bottom row. Specifically, if a UE detects SS index 1 as the new identified beam, it should transmit a BRACH (beam failure RACH) preamble on BRACH resource index 1, and so on and so forth. Note that a BRACH resource can be either FDMed (using e.g. different frequencies) or CDMed (using e.g. different cyclic shifts) with existing PRACH resources. At the other side, gNB monitors all BRACH resources for potential BFRQs. In detecting a valid UE-specific preamble, gNB is able to identify the UE identity. On the other hand, in detecting where the UE-specific preamble is received, gNB is able to identify the desired SS index from this particular UE. For example, if a UE-specific preamble is received during BRACH 1, gNB should interpret SS index 1 as the desired SS index from this particular UE. 

As such, a two-step beam failure recovery procedure can be used for triggering condition 1 mentioned in section 3.1.1. In the first step, a UE identifies a proper SS index, and selects a proper BRACH resource index accordingly in transmitting the UE-specific preamble. At the other side, gNB detects the BRACH preamble and infers the UE identity, and then detects the desired SS index by analyzing the location where the UE-specific preamble is received. In the second step, gNB sends out a beam failure recovery response (BFRP) to the UE. UE monitors a search space and can receive the BFRP successfully in general.
Note that such a two-step beam failure recovery procedure allows UE reporting of the beam failure event as well as new beam identification per SS. In some cases e.g. if a beam quality such as RSRP is desired or if a beam refinement/management operation is desired, gNB can include an uplink transmission grant in the BFRP together with a beam quality report request, or kickoff a beam refinement procedure. Upon receiving the BFRP and the included uplink grant, UE can send the requested beam qualities allowed by the uplink grant. If no further beam quality report and/or beam refinement is signaled in the BFRP, UE can declare a successful beam failure recovery and refrain from further request for this beam failure event.

3.2.1.3 BFRQ Transmission with CSI-RS-only New Beam Identification

In this subsection, we focus on the case where CSI-RS only is configured for new candidate beam identification, and specifically, SS is not configured for new candidate beam identification.
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Figure 8. Configuration of BRACH resources for CSI-RS
The above figure illustrates an example of multiple BRACH opportunities, consisting of 64 BRACH resources across four PRACH time opportunities. Herein each PRACH time opportunity is the smallest opportunity in the time domain for a UE to send beam failure recovery request preamble, where each BRACH resource is a smallest unit in the time, frequency and sequence domain that can be used by a UE to send a preamble sequence to trigger beam failure recovery. One BRACH resource may differentiate from another BRACH resource in the choice of either PRACH time opportunity, frequency index, cyclic shift or a combination of them. In the above example, the first 16 BRACH resources spanning four different frequency indexes and four different cyclic shifts fall into the first PRACH time opportunity, which holds a beam correspondence relationship with SS index 1; the second 16 BRACH resources spanning four different frequency indexes and four different cyclic shifts fall into the PRACH time opportunity as PRACH index 2, which holds a beam correspondence relationship with SS index 2; and so on and so forth. UE measures multiple CSI-RSs, identifies a proper CRI for new candidate beam, and is ready to trigger beam failure recovery and reports a new beam index for beam failure recovery on corresponding BRACH resource. 

Similar to the discussion earlier for SS-block-only scenario, such a two-step beam failure recovery procedure may not supply the gNB with beam quality info such as RSRP/RSRQ. In case this is desired or if a beam refinement/management follow-up is desired, gNB can include an uplink transmission grant in the BFRP together with a beam quality report request, or kickoff a beam refinement procedure. Upon receiving the BFRP and the included uplink grant, UE can send the requested beam quality as allowed by the uplink grant. If no further beam quality report and/or beam refinement is signaled in the BFRP, UE can declare a successful beam failure recovery and refrain from further request for this beam failure event.
Proposal 5: For beam failure recovery with SS-block-only or CSI-RS-only as the new beam identification reference signal of triggering condition 1, use a two-step beam failure recovery procedure to enable the UE to signal the UE identity and desired SS/CSI-RS index, whilst gNB can include in the beam failure recovery response an indication to initiate a further beam quality report and/or trigger a beam refinement. 

3.2.2 PUCCH based BFRQ
Both PUCCH and PRACH have been agreed for beam failure recovery request transmission, and these two different UL channels should target for different scenarios and being complementary for each other. In the aforementioned session, we have proposed that UE centric beam failure recovery should 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 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 scenario 1 happens in which PUCCH can work well. As the periodic PUCCH resource for other purpose, e.g. beam reporting will always exist, reusing these PUCCH for transmitting the BFRQ will not consume additional resources. But to provide the robustness in case that when scenario 2 happens and PUCCH cannot work, a certain amount of complementary PRACH resources will also be configured. By reusing existing PUCCH for transmitting the BFRQ, it can greatly reduce the overhead load of UL resources for beam failure recovery request. When gNB configures UE with both PUCCH and PRACH for the BFRQ transmission, UE is not aware of which scenario happens actually but it will simply to follow the configured resource to transmit the BFRQ individually on the two types of UL channels. 
Based on the above discussion, PUCCH based BFRQ can save the overhead efficiently. On the other hand, PUCCH has more payload than PRACH, thus it can convey more beam information for the beam failure scenario. The PUCCH resource 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. Therefore, it is beneficial to reuse the PUCCH for beam reporting to transmit the new candidate beam information for beam failure recovery request. Different information state can be considered to distinguish whether it is regular beam reporting or BFRQ.    
Proposal 6: Support reusing PUCCH for beam reporting to transmit BFRQ.
At last meeting, 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 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. 

Therefore, we propose:

Proposal 7: Support reusing PUCCH for beam reporting to carry the partial beam failure information, e.g. the identities of failed beam(s) or recommended beam(s). 

3.3 Beam Failure Recovery Response (BFRP)
For the blind detection of the NR-PDCCH, the spatial QCL assumption between DL RS antenna port and DMRS antenna port of the corresponding search space of NR-PDCCH should be configured. However, as the previous beam of the configured DL RS associated with the NR-PDCCH has failed, the blind detection of the beam failure recovery response signal cannot be based on the previous configuration. Thus, new spatial QCL assumption with respect to the search space of the beam failure recovery response needs to be specified. 
As illustrated in left hand of Figure 9, if the beam failure request carries the new identified beam information under the assumption of the triggering condition 1, the UE will assume the spatial QCL assumption with the search space of beam failure recovery response is associated with the recommended beam. 
As illustrated in the right figure of Figure 9, for the triggering condition 2 with no recommended beam conveyed on beam failure recovery request, gNB can configure a beam set, for example, with back up beams targeting for the transmission of beam failure recovery response transmission. And the search space of the beam failure recovery response is associated with the configured beam set.
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Figure 9.Search space for beam failure recovery response
Proposal 8: The search space of beam failure recovery response is spatial QCLed with the configured beam set if there is no recommended beam carried on beam failure recovery request.
4 Conclusions

This contribution discusses beam failure detection and beam failure recovery mechanism in NR and we have the following observation and proposals:
Observation 1: UE centric beam failure recovery should consider DL beam failure only and both DL and UL beam failure scenarios.
Proposal 1: The time window duration for the beam failure detection can be configurable where the time window starts to count once UE detects the quality of serving beam(s) falls below a threshold and ends when the duration expires.
Proposal 2: Confirm the working assumption of supporting at least condition 1 based triggering condition for beam failure recovery request transmission in Rel-15.

Proposal 3: Confirm the working assumption to support using the resource that is CDM with other PRACH resources for beam failure recovery request transmission on PRACH.
Proposal 4: Support UE to transmit beam failure recovery request on multiple beams.
Proposal 5: For beam failure recovery with SS-block-only or CSI-RS-only as the new beam identification reference signal of triggering condition 1, use a two-step beam failure recovery procedure to enable the UE to signal the UE identity and desired SS/CSI-RS index, whilst gNB can include in the beam failure recovery response an indication to initiate a further beam quality report and/or trigger a beam refinement. 

Proposal 6: Support reusing PUCCH for beam reporting to transmit BFRQ.
Proposal 7: Support reusing PUCCH for beam reporting to carry the partial beam failure information, e.g. the identities of failed beam(s) or recommended beam(s). 

Proposal 8: The search space of beam failure recovery response is spatial QCLed with the configured beam set if there is no recommended beam carried on beam failure recovery request.
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