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1. Introduction 

Based on the contributions submitted for RAN1 #90bis meeting in AI 7.2.2.4, the following key issues are identified and related summaries are made in sections below

· Quality measure for beam failure detection

· Beam failure recovery request transmission based on PRACH

· gNB response monitoring

· Declaration of unsuccessful recovery from beam failure

· Beam failure recovery request (BFRQ) resources

· RS for candidate beam identification

· Contention-based PRACH as BFRQ channel

· Non-contention PRACH based channel TDM’ed to other PRACH resources.

· Beam failure recovery request transmission based on PUCCH

2. Quality measure for beam failure detection
Email discussion on the subject matter has been triggered during RAN1 #90 meeting and companies’ view were captured in R1-1715012. Together with the RAN1 #90bis submissions, we make the following summary:

Proposed alternatives as quality measure for beam failure detection

Alt1: L1-RSRP

· Supporting companies: Samsung, HW, InterDigital, MTK, vivo, OPPO, ITRI, Lenovo, QCM, CHTTL, NEC, NI, 
Al2: hypothetical NR-PDCCH performance (SINR-based)

· Supporting companies: Ericsson, Intel, LGE, AT&T, CATT, Sharp, Nokia, ZTE
In addition to the reasoning summarized in R1-1715012, the following latest input should also be considered:
· RAN plenary #77 deprioritized CSI-RS based RLM in RAN4 work plan. So far, RAN1 beam failure recovery RS is agreed to have CSI-RS only (SSB could not be agreed as additional RS in Nagoya meeting). RAN plenary #77 also down prioritized the connection between beam failure recovery and RLF. Combined, RLM and beam failure recovery should be designed as two decoupled procedures, at least from RAN4 perspective. Thus, making beam failure recovery to be consistent with beam management is simply sensible
· It was shown numerically in R1-1718334, that there is mis-match between SINR estimated based on beam failure detection RS and SINR during actually PDCCH transmission. Thus, actually PDCCH performance cannot be truthfully reflected.
· In R1-1718433, numerical results show that accuracy of signal channel estimation suffers from higher variation than that of interference+noise variation. However, in terms of SINR, the variation simply adds up.

Proposals: 

1. Consider the design of beam failure recovery and RLM as decoupled mechanisms
2. Targeting at harmonizing the operation of beam failure detection, candidate beam identification and beam management in the design of beam failure recovery mechanism.
3. Beam failure recovery request transmission based on PRACH
High-level wise, two aspects of BFRQ TX are discussed in the submissions: how to control the number of transmissions and power control mechanism over transmission. It was agreed to support multiple transmissions of BFRQ in previous RAN1 meetings, but subject to NW control. However, detailed mechanism is not fully discussed.  From power control point of view, per offline discussion in RAN1 NRAH1709, it seems gaining consensus on at least assuming initial access preamble transmission power control mechanism as starting point. 

Most companies agree that initial access preamble transmission design can be reused here. Essentially, this allows UE beam correspondence issue being addressed, without the need of going through similar discussion as in initial access again.
Issue #1: number of transmissions for beam failure recovery request (BFRQ) 
· Alt 1: reuse initial access preamble transmission mechanism, i.e., configurable constraint on number of transmissions

· Ericsson, Nokia, Samsung, InterDigital, QCM, ZTE, MediaTek, CHTTL, 

· Alt 2: a timer to constrain UE transmission behaviour

· Intel, DCM, CATT, vivo, 

Issue #2: BFRQ transmission power control

· Alt 1: reuse initial access preamble transmission mechanism (e.g., power ramping behaviour, step size, UE Tx beam selection)
· Ericsson, Nokia, Samsung, ZTE, HW
· Alt 2: no power ramping

· InterDigital

Proposals: 

· For beam failure recovery request transmission, reuse initial access preamble transmission mechanism with potentially different parameter values, including power control, retransmission control, and UE TX beam selection.

4. RS for candidate beam identification

So far, candidate beam can be identified based on SSB or based on CSI-RS. Some companies raise the need to support a scenario where SSB + CSI-RS are used for candidate beam identification at the same time, whereas some others think otherwise.

Alt 1: additionally support SSB + CSI-RS for candidate beam identification

· HW, LGE, Nokia, Intel, ZTE, vivo, Lenovo, MotoMobility

Atl 2: do not support SSB + CSI-RS for candidate beam identification

· Ericsson, CATT, OPPO, CHTTL

Proposal:

· Specification supports the case where both CSI-RS and SSB are used by the UE for the purpose of new candidate beam identification
· The above feature is configured by gNB
· Note: A UE uses the dedicated resource associated with either an SSB or CSI-RS to report new identified beam
5. gNB response monitoring

At least two aspects are discussed in submissions. 
Issue #1: search space for monitoring gNB response

· Alt 1: a common CORESET

· Samsung, InterDitigal, MediaTek, CATT, OPPO
· Note that common CORESET can be specifically configured or the same CORESET as the one used for initial access RAR reception indicated in RMSI

· Alt 3: existing CORESET(s) before beam failure recovery
· CATT

Proposal: 
· A common CORESET is applied for monitoring gNB response for BFRQ. Configuration of the common CORESET is down-selected from the following two alternative:

· Alt 1: same CORESET as the one used for initial access RAR reception indicated in RMSI

· Alt 2: dedicatedly configured.

Issue #2: content of gNB response

· No need to define specific content, i.e., any activity observed via beam failure recovery CORESET on the UE-identified beam

· MediaTek, ZTE, OPPO, 
· Specific content included in the response, e.g. beam refinement request, beam quality reporting request, CSI-RS reconfiguration, simple confirmation etc.
· HW, Intel, CHTTL
Proposal: 
· gNB response is transmitted via dedicated signalling by addressing the related PDCCH to UE-specific physical ID

6. Declaration of unsuccessful recovery from beam failure

Email discussion on related issue has been triggered during RAN1 #90 meeting and companies’ view were captured in R1-1715012. Together with the RAN1 #90bis submissions, we make the following summary:

Beam failure recovery is overseen by
Alt 1: a single beam failure recovery timer to overseeing overall beam failure recovery procedure, as illustrated in Figure 1.
· Note when reaching the BFRQ transmission constraint as discussed in Section 3, it may also trigger unsuccessful recovery from beam failure.

· Ericsson, Samsung, Nokia, vivo, HW
Alt 2: two timers, one for candidate beam identification and another one for BFRQ transmission constraint, as illustrated in Figure 2 (source: R1-1718193).
· DCM, Intel, 
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Figure 1: illustration of beam failure recovery timer.
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Figure 2: illustration of two timers approach.

Proposal: Support a single beam failure recovery timer to oversee overall beam failure recovery procedure. 
· The beam failure recovery timer starts when beam failure is detected.
· Unsuccessful recovery from beam failure is declared upon the timer expiry
7. Beam failure recovery request (BFRQ) resources

Current agreements support dedicated resources to be used for BFRQ purposes. For non-contention based PRACH resource, dedicated configuration is thus needed. Available discussion on this issue seems gaining consensus.  Thus, the following proposals are listed directly.
Proposal: 
· Dedicated PRACH resources for BFRQ follows a delta configuration to contention-based RACH configurations. 

· Parameters potentially with different values from dedicated PRACH configuration may include
· Preamble index

· Frequency location information

· Time location, if it is only a subset of all RACH symbols (e.g., PRACH mask)

· Maximum number of transmissions

· Retransmission Tx power ramping step size

· Note: other parameter values are not precluded.
Another issue is whether to support non-contention-based PRACH resource TDM’ed to other PRACH resources.

Issue: whether or not to support non-contention-based PRACH resource TDM’ed to other PRACH resources

Alt 1: support

· Ericsson, InterDigital, Lenovo, MotoMobility

Alt 2: No support

· HW, CHTTL, 
8. Multiplexing of Beam Failure Recovery Request and Scheduling Request
Issue: The newly identified beam index will not be the same as the serving beam index. This leads to a waste of the dedicated resources.
Proposal: BFR/SR Multiplexing
· If gNB receives the UE-specific preamble on a non-serving beam of this UE
· gNB should treat is as beam failure request
· Otherwise if gNB receives the UE-specific preamble on a serving beam of this UE
· gNB should treat it as scheduling request
9. Contention-based PRACH as BFRQ channel

The use of contention-based PRACH as BFRQ channel remains FFS. Companies positions are summarized below

Alt 1: support contention-based PRACH as fallback/supplemental channel

· DCM, QCM, Nokia, Intel, MediaTek, AT&T, CATT, Sharp, Lenovo, MotoMobility
Atl 2: no support

· Samsung, vivo, OPPO, 

Alt 3: not in Rel-15

· InterDigital, CHTTL

Clear majority supports contention-based PRACH for beam failure recovery request transmission.

Proposal:

· Support contention-based PRACH for beam failure recovery request transmission.

· FFS details
10. Beam failure recovery request transmission based on PUCCH

PUCCH channel has been agreed to be used as BFRQ channel before definition of beam failure has been agreed. Thus, companies have different understanding on how to use PUCCH channel. Due to the discrepancy, a few alternatives are proposed by companies and are summarized below
Issue #1: Use case of PUCCH

· Alt 1: PUCCH can be used in beam failure case, i.e., all serving control beams are failed, with beam sweeping

· QCM, Nokia, ZTE, Intel, 

· Alt 2: PUCCH can be used in beam failure case, but opportunistically when UL still exists and without beam sweeping

· HW, DCM, InterDigital, vivo, OPPO

· Alt 3: PUCCH can be used in the case of a subset of BPLs failure/loss, i.e., at least one serving control beam still exists

· HW, Samsung, LGE, MediaTek, AT&T

· Alt 4: postpone the discussion to Rel-16 

· Ericsson, CATT, MediaTek, 

11. Appendix on email discussion for quality measure

	MediaTek
	L1-RSRP is slightly preferred due to

· RAN plenary #77 deprioritized CSI-RS based RLM in RAN4 work plan. So far, RAN1 beam failure recovery RS is agreed to have CSI-RS only (SSB could not be agreed as additional RS in Nagoya meeting). RAN plenary #77 also down prioritized the connection between beam failure recovery and RLF. Combined, RLM and beam failure recovery should be designed as two decoupled procedures. Thus, making beam failure recovery to be consistent with beam management is simply sensible

· It was shown numerically in R1-1718334, that there is mis-match between SINR estimated based on beam failure detection RS and SINR during actually PDCCH transmission. Thus, actually PDCCH performance cannot be truthfully reflected.

· In R1-1718433, numerical results show that accuracy of signal channel estimation suffers from higher variation than that of interference+noise variation. However, in terms of SINR, the variation simply adds up.

	Ericsson
	BLER of hypothetical PDCCH is preferred due to

· There is no mapping between RSRP and control channel quality

· Setting an absolute RSRP threshold corresponding to a certain control channel quality is very challenging, due to unknown interference and differing UE characteristics.

· Measurements on RSRP are associated with large uncertainties, as indicated in R1-1718433. Another indication of this fact is that absolute RSRP accuracy requirements for LTE, as shown in 36.133, are very loose.

	Nokia
	Hypothetical PDCCH performance due to:

· Hypothetical PDCCH performance reflects the quality of the control channel and takes into account interference. ‘RSRP only’ does not reflect the quality (RSRP may be good but SINR is low)

	Samsung
	L1-RSRP is preferred due to
· The main motivation of beam failure recovery is for blockage. L1-RSRP is the very direct metric to measure whether one link is blocked or not.
· Beam failure is supposed to detect the beam failure in much shorter time scale than RLF. Such short time scale does not allow us to measure PDCCH BLER accurately due to limited number CSI-RS instances.
· Hypothetical PDCCH performance has the issue of interference measurement.  The hypothetical BLER measured from one CSI-RS cannot reflect the BLER of PDCCH in highly dynamic interference scenarios.
· Ping-pong issue caused by hypothetical PDCCH BLER:  both beam failure recovery and beam management is L1/L2 procedure. If we choose beam for PDCCH based on ‘best L1-RSRP’ in beam management, we should use the same metric in beam failure recovery to declare that one selected beam is bad now.

	CHTTL
	L1-RSRP is preferred due to

· Beam failure recovery is mainly used to deal with blockage. In this case, L1-RSRP is enough to detect such kind of event.

· Considering interference is rather dynamic, it would take longer time to get accurate hypothetical PDCCH BLER results.

· Since beam management  and beam failure recovery are both L1/L2 procedure, it is better to have similar performance metric to avoid ping-pong issue raised by Samsung.

	HW
	we slightly prefer to use L1-RSRP for following reasons
· In order to decouple the connection between BFR and RLM (as much as we can),  the functionality of BFR is closer to BM which is so far based on L1-RSRP with the minimal effort of the UE and as fast as possible.  The NW will manage and configure suitable candidate beams for BFR where the NW shall have a certain expectation of interference conditions based on other CSI acquisition procedures to probe the interference condition around the UE. Therefore BFR, in our view, mainly accounts for the blockage caused by the UE rotation and moving obstacles lasting for a few or tens of ms. 

· It is unclear for me how to define hypothetical PDCCH  channel metrics for BFR beams either and how much variation/accuracy of interference measurement needs to capture.  If a metric need to capture the interference, we may use CQI (without PMI) to measure CSI-RS ports/SSB.   

· My understanding is that BFR is basically gNB controlled so that the triggering condition of BFR will be based on a threshold configured by the gNB, which will take into account interference condition/variation, ping-pong effect, beam diversity and other NW implementation requirements. If BFR really does not work, RLM will do its job (of cause we don’t need to discuss inter-action between BFR and RLM here).  So BFR is to provide a fast and simple recovery at the best effort, which may (or may not) succeed eventually.

	Intel
	Hypothetical PDCCH BLER is preferred due to hard to define the threshold if L1-RSRP is used

	Sharp
	Hypothetical PDCCH performance is preferred, with similar reasoning as Ericsson.


12. Appendix on beam failure recovery request transmission behaviour

	MediaTek
	for PRACH-based BFRQ transmission, we prefer to reuse the same mechanism of initial access preamble transmission for transmit power control and BFRQ retransmission(s), with potentially different parameter values. The motivation includes:

· Handling of beam correspondence issue can be leveraged, without the need of going through the same discussions as in initial access.

· Minimum changes from configuration point of view. Delta configuration from PRACH configuration for initial access can be considered.



	Ericsson
	Same preference as MTK, with the same motivations. Different parameters are probably required

	Nokia
	For PRACH based recovery we prefer to reuse the same mechanism as for the initial access (or RACH procedure in general). Different parameters may be needed, although reusing the same parameters should also be an option. For other mechanisms using dedicated signal for recovery such as potential SR based recovery, the reuse of SR procedure should be considered.

	Samsung
	Similar preference. However we need different parameters. And some delta configuration from RACH is needed, for example how to configure the PDCCH/CORESET the beam recovery response transmission.

	CHTTL
	Similar preference with potential difference parameter values

	Intel
	Some mechanisms such as power control can be similar to initial access, but different parameters should be necessary for others

	Sharp
	Same preference as MTK


BFRQ Tx: N times








