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In RAN1#90bis meeting, the following agreements were reached on beam failure recovery request [1]: 

Working Assumption:
· Beam failure detection is determined based on the following quality measure: Hypothetical PDCCH BLER
  
Agreement:
· A beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number
· (Working assumption) If hypothetical PDCCH BLER is above a threshold, it is counted as beam failure instance
· Note: Beam failure is determined when all serving beams fail
· The candidate beam can be identified when metric X of candidate beam is higher than a threshold
· FFS: metric X
· 1 or 2 threshold values are introduced
· If 2 thresholds are introduced, one is for SSB and the other is for CSI-RS
· One of the following alternatives will be down-selected in RAN1#91
· Alt-1: Fixed value
· Alt-2: Configurable value by RRC signaling
· RAN2 should specify the RRC signaling to configuration of the threshold
· Note: for beam failure detection, the UE should aware the transmission power offset between CSI-RS and DMRS of PDCCH
· FFS other details.

Agreement:
· For gNB to uniquely identify UE identity from a beam failure recovery request transmission
· A PRACH sequence is configured to UE

Working Assumption:
· At least the following parameters should be configured for dedicated PRACH resources for beam failure recovery
· Per UE parameters
· Preamble sequence related parameters
· E.g., root sequence, cyclic shift, and preamble index
· Maximum number of transmissions
· Maximum number of power rampings
· Target received power
· Retransmission Tx power ramping step size
· Beam failure recovery timer 
· Per dedicated PRACH resource parameters
· Frequency location information
· Time location, if it is only a subset of all RACH symbols (e.g., PRACH mask)
· Associated SSB or CSI-RS information
· Note: as a starting point, use initial access preamble transmission mechanism and parameters. If any issue is identified, new mechanism can be introduced.
· No further RRC signalling for above UE parameters is required if reusing the same parameter as initial access  

In this contribution we discuss the metric used for beam failure detection and candidate beam reporting. We also discuss the parameter configuration for PRACH transmission. 

Discussion
Metric for beam quality measurement
UE needs a criterion to measure and select candidate beams and to report the beam quality to gNB. UE also needs a criterion to detect when the quality of an active DL beam drops below a certain threshold and report it to gNB (explicitly or implicitly) as beam failure. The two criteria need to be consistent with each other, otherwise a beam can be reported by the UE to the gNB as a usable candidate beam based on the beam selection criterion, but once it is used by the gNB as an active beam, the UE may soon report beam failure because it meets the beam de-selection criterion. This leads to ping-pong effect and should be avoided. The criteria should also be easy for UE to calculate. Especially for candidate beam selection, the UE frequently needs to measure the quality of SSB or CSI-RS beams, and determine whether they meet the beam selection criterion and should be included in its UL beam report. It is also desirable that the measure and calculation of beam quality is not computationally intensive for the UE in order to reduce the UE processing power consumption.  

There are two candidate methods for determining the quality of a DL beam: L1-RSRP and hypothetical PDCCH BLER. L1-RSRP requires measuring and averaging the received power of the RSs (CSI-RS or SSB) and is relatively straightforward. Hypothetical PDCCH BLER requires estimation of the hypothetical block error rate of the PDCCH channel. This is closely related to the operation of DL PDCCH channel over the beam and is more realistic measure of the beam quality. The problem with hypothetical PDCCH BLER as a beam quality measurement is that it is more difficult for the UE to measure. 

If L1-RSRP is used as beam quality metric, the operation at UE is straightforward. For a beam b, the L1-RSRP received by the UE  is given by
,
where  is the pathgain of the beam b (including TX beamforming, channel, and RX beamforming), and  is the TX power of RS (CSI-RS or SSB). This is easy for UE to measure and compute. UE may apply spec-transparent L1 filter to smooth the measurement.

If hypothetical PDCCH BLER is used as beam quality metric, UE is required to perform more measurement and computation. Not only the L1-RSRP needs to be measured, it also needs to estimate the interference beyond just its mean. The received SINR  of a PDCCH transmission with power  is given by 
,
where  is the noise power, and  is the time-varying received interference power. The DL interference varies from slot to slot because of the transmission TX beams used by neighbor TRPs may change from slot to slot (i.e. the flash light effect). This makes , therefore , a random process which needs to be fully described not only by its mean, but by its stationary distribution as well. For the BLER of a hypothetical PDCCH (with assumptions of # of information bits, resource size, modulation order, coding scheme/code rate) below a threshold  with probability , the  needs to be above a corresponding threshold  which is given by the BLER curve of the PDCCH channel. Equivalently


			Eq.1
where  and  is the pdf and cdf function of the stationary (or stationary in the time scale considered) received interference power  process. The constant

is the ratio of transmission power between PDCCH and RS, and 

is a constant depending on the threshold SINR of the hypothetical PDCCH.  For a given stationary process of , there is monotonically decreasing relationship between  and L1-RSRP . 
For a required BLER  of PDCCH channel, there is a corresponding equivalent L1-RSRP . It is given by the inverse function of :
								Eq.2
The function  is a monotonically increasing function because the cdf function  is a monotonically increasing function. The required L1-RSRP  is a monotonically increasing function of the required correct detection probability . For PDCCH channel, a typical value is 0.99. The corresponding PDCCH BLER = 0.01. UE needs to estimate the probability density function  of the random process  to get , and further to use the inverse function  to compute the threshold L1-RSRP  using Eq.2. The UE may choose to report a candidate beam when its hypothetical PDCCH BLER is below the threshold , or equivalently when its measured L1-RSRP is above . Similarly, a UE may choose to report that an active beam has failed when the hypothetical PDCCH BLER is above the threshold , or equivalently when its measured L1-RSRP is below .

It is clear that the BLER metric is more demanding of the UE. It is insufficient just to calculate the average interference and use the average interference power to compute the hypothetical BLER. UE needs to have a reasonable estimation of the interference process (i.e. the stationary distribution of the interference power) in order to calculate the BLER reliably. The interference depends on the TX power of the neighboring TRPs, their scheduling, as well as TX beamforming. This, coupled with UE mobility and fast fading, makes reliable estimation of the interference process at the UE very difficult. This will also cause issue for UE testing. In comparison, L1-RSRP measurement at UE is both simple and reliable. Based on these analyses, we propose to use L1-RSRP as metric both for candidate beam reporting and for beam failure detection.

Proposal 1: L1-RSRP is used as metric for both candidate beam selection and for beam failure detection.
 
Beam failure recovery request transmission

A key difference between a PRACH resource for beam failure recovery request and for initial access is that the UE performing beam failure recovery has a dedicated PRACH sequence (root, cyclic shift and preamble index) assigned to it, while a UE performing initial access UE chooses one sequence from a set and the same sequence may be used by another UE, leading to collision. When an initial access UE sends a PRACH signal and does not receive a corresponding message 2 in RAR window, it cannot tell the PRACH transmission failed because of collision with another initial access UE, or because it was not transmitted with sufficient power. It needs to perform back off to avoid possible collision. For a RRC_ACTIVE UE performing beam failure recovery request, it does not need to consider such collision because of the dedicated sequence. At least the parameters pertaining to PRACH retransmission need to be different for beam failure recovery. These parameters may include 
· back off window size, 
· maximal number of transmission, 
· retransmission TX power ramping size, 
· maximal number of power ramps, 
· beam failure recovery timer. 

Detailed parameter configuration can be determined by RAN2.  
Proposal 2: For PRACH transmission for beam failure recovery request, separate parameters need to be configured for retransmission, including  
· back off window size, 
· maximal number of transmission, 
· retransmission TX power ramping size, 
· maximal number of power ramps, 
· beam failure recovery timer. 


Conclusion

Our proposals are summarized as below:

Proposal 1: L1-RSRP is used as metric for both candidate beam selection and for beam failure detection.
Proposal 2: For PRACH transmission for beam failure recovery request, separate parameters need to be configured for retransmission, including  
· back off window size, 
· maximal number of transmission, 
· retransmission TX power ramping size, 
· maximal number of power ramps, 
· beam failure recovery timer. 
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