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1. Introduction
The Performance work of NR-U is completed in the last RAN4 meeting, and most TCs are captured in TS 38.133. Most of the test cases are defined following the same framework as legacy test cases with necessary updating on NR-U specific configurations considering LBT operation. However, one significant different aspect is the requirements for RLM OOS evaluation and BFD evaluation, where the evaluation period is differentiated by the SINR condition. Regarding how to reflect this point in test cases, we have different understanding than the test cases design, which has been captured in the latest spec.
2. Discussion
In the current test cases for BFD and CBD in A.10.3.4 and A.11.4.4, there are two test cases. From our understanding, the motivation of test 1 is to verify the performance of BFD corresponding to the performance when BFD-RS SSB Es/Iot < -7 dB, and test 2 is for the case when BFD-RS SSB Es/Iot ≥ -7 dB. The SNR condition of test 1 is same as legacy test cases where UE is expected to detect the beam failure when SNR drops to -12 dB and lasts for at least the evaluation period. However, for test2, the SNR condition of the SSB in set q0 is configured as -4 dB, and UE is expected to trigger the beam failure procedure to meet the evaluation period when BFD-RS SSB Es/Iot ≥ -7 dB. The SNR configuration of test 1 and test 2 in A.11.4.4 are shown as follows:
	SNR configuration of test 1
	Parameter
	Unit
	Test 1

	
	
	T1
	T2
	T3
	T4
	T5

	DL CCA probability PCCA,DL
	Note 10, 12
	
	[1.0]
	[0.9375]
	[0.9375]
	[0.9375]
	[0.9375]

	
	Note 11, 12
	
	[1.0]/[1.0]
	[0.75]/[0.75]
	[0.75]/[0.75]
	[0.75]/[0.75]
	[0.75]/[0.75]

	UL CCA probability PCCA,UL
	
	[1.0]
	[1.0]
	[1.0]
	[1.0]
	[1.0]

	EPRE ratio of PDCCH DMRS to SSS
	dB
	0

	EPRE ratio of PDCCH to PDCCH DMRS
	dB
	

	EPRE ratio of PBCH DMRS to SSS
	dB
	

	EPRE ratio of PBCH to PBCH DMRS
	dB
	

	EPRE ratio of PSS to SSS
	dB
	

	EPRE ratio of PDSCH DMRS to SSS 
	dB
	

	EPRE ratio of PDSCH to PDSCH DMRS
	dB
	

	EPRE ratio of OCNG DMRS to SSS
	dB
	

	EPRE ratio of OCNG to OCNG DMRS
	dB
	

	SNR_SSB of set q0
	Config 1
	dB
	5
	-3
	-12
	-12
	-12

	SNR_SSB of set q1
	Config 1
	dB
	-10
	-10
	10
	10
	10

	SSB_RP of set q1
	Config 1
	dBm/SCS kHz
	-105
	-105
	-85
	-85
	-85

	

	Config 1
	dBm/15 KHz
	-98

	Propagation condition
	
	TDL-C 300ns 100Hz




SNR configuration of test 1
	Parameter
	Unit
	Test 2

	
	
	T1
	T2
	T3
	T4
	T5

	DL CCA probability PCCA
	Note 10, 12
	
	[1.0]
	[0.9375]
	[0.9375]
	[0.9375]
	[0.9375]

	
	Note 11, 12
	
	[1.0]/[1.0]
	[0.75]/[0.75]
	[0.75]/[0.75]
	[0.75]/[0.75]
	[0.75]/[0.75]

	UL CCA probability PCCA
	
	[1.0]
	[1.0]
	[1.0]
	[1.0]
	[1.0]

	EPRE ratio of PDCCH DMRS to SSS
	dB
	0

	EPRE ratio of PDCCH to PDCCH DMRS
	dB
	

	EPRE ratio of PBCH DMRS to SSS
	dB
	

	EPRE ratio of PBCH to PBCH DMRS
	dB
	

	EPRE ratio of PSS to SSS
	dB
	

	EPRE ratio of PDSCH DMRS to SSS 
	dB
	

	EPRE ratio of PDSCH to PDSCH DMRS
	dB
	

	EPRE ratio of OCNG DMRS to SSS
	dB
	

	EPRE ratio of OCNG to OCNG DMRS
	dB
	

	SNR_SSB of set q0
	Config 1
	dB
	5
	[-2]
	[-4]
	[-4]
	[-4]

	SNR_SSB of set q1
	Config 1
	dB
	-10
	-10
	10
	10
	10

	SSB_RP of set q1
	Config 1
	dBm/SCS kHz
	-105
	-105
	-85
	-85
	-85

	

	Config 1
	dBm/15 KHz
	-98

	Propagation condition
	
	TDL-C 300ns 100Hz






To let UE detect beam failure at higher SNR condition (-4 dB), the aggregation level is configured to 2 compared with 8 in the hypothetical PDCCH parameters.
Observation 1: In the current test cases for BFD and CBD, the aggregation level of PDCCH is configured as 2 to let UE detect the beam failure at higher SNR condition (-4 dB).
The motivation behind observation 1 that with smaller aggregation level to achieve similar BLER level the SNR condition to trigger beam failure will be higher. However from our understanding, it is not aligned with the functionality of beam failure detection. The threshold of Qout_LR and Qin_LR are derived corresponding to the BLER level using the hypothetical PDCCH transmission parameters listed in Table 8.5A.2.1-1 which is shown as follows:
Table 8.5A.2.1-1: PDCCH transmission parameters for beam failure instance
	Attribute
	Value for BLER

	DCI format
	1-0

	Number of control OFDM symbols
	2

	Aggregation level (CCE)
	8

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	0dB

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	0dB

	Bandwidth (PRBs)
	24

	Sub-carrier spacing (kHz)
	Same as the SCS of RMSI CORESET

	DMRS precoder granularity
	REG bundle size

	REG bundle size
	6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed



The value of Qout_LR and Qin_LR are deterministic value derived from the hypothetical PDCCH defined in the spec. For example, if NW configured different aggregation level which is different from the value in the table above, UE should detect beam failure using the same Qout_LR threshold.
Observation 2: The threshold of Qout_LR and Qin_LR are deterministic value derived from the fixed hypothetical PDCCH and will not change with the actual configuration of aggregation level.
Based on current configurations of test 2, UE is expected to detect beam failure at -4 dB but shout not do so at -2 dB. It means UE will trigger beam failure when the channel condition is still good and with extreme accurate measurement of SNR condition. Triggering BFD (OOS in RLM) at such high channel condition is not acceptable for both UE side and NW side. For example, the side conditions for most accuracy requirements are -4 dB even -6 dB, and it could not be the condition for beam failure or OOS.
Observation 3: Triggering BF (OOS in RLM) at high channel condition is not expected to both NW side and UE side.
With the understanding of the SNR level to trigger BF, we further look in the unique design in NR-U where the evaluation period is defined with different SNR level. The requirements are shown as follows:
	Table 8.5A.2.2-1: Evaluation period TEvaluate_BFD_SSB_CCA
	Configuration
	TEvaluate_BFD_SSB_CCA (ms)  

	
	BFD-RS SSB Es/Iot Note2 ≥ -7 dB
	BFD-RS SSB Es/Iot Note2 < -7 dB

	no DRX
	Max(50, Ceil((10  P)  TSSB))
	Max(50, Ceil((12  P)  TSSB))

	DRX cycle ≤ 320ms
	Max(50, Ceil(1.5  8  P)  Max(TDRX,TSSB))
	Max(50, Ceil(1.5  10  P)  Max(TDRX,TSSB))

	DRX cycle > 320ms
	Ceil(7  P)  TDRX
	Ceil(8  P)  TDRX

	Note 1:	TSSB is the periodicity of SSB in the set . TDRX is the DRX cycle length.
Note 2:	BFD-RS SSB Es/Iot is the averaged BFD-RS SSB Es/Iot over the most recent previous evaluation period.






During the discussion in core part stage, the motivation is that due to LBT failure, the measurement results of a RLM-RS could be very low and UE is not able to distinguish whether it is caused by LBT failure or channel condition is getting worse. Then to avoid unnecessary BF(OOS in RLM) triggering which will greatly damage the system perform, it is proposed to extend the evaluation period to a fixed length. Typically, the beam failure detection and OOS evaluation are performed using sliding window, company explained that when the channel condition is good, UE is able to tell whether there is LBT failure. And the threshold is agreed to be -7 dB, which is reused from the RLM OOS test cases. But we should make it very clear here that UE is able to tell whether there is LBT failure when the measured sample is above -7 dB doesn’t means UE shall trigger BF (OOS) when SNR is above -7 dB.
Observation 4: UE is able to UE is able to tell whether there is LBT failure when the measured sample is above -7 dB doesn’t mean UE shall trigger BF (OOS) when SNR is above -7 dB.
Companies have different understanding of the exact meaning of -7 dB. Eventually, it is agreed BFD-RS SSB Es/Iot is the averaged BFD-RS SSB Es/Iot over the most recent previous evaluation period. It means when the evaluation period is above -7 dB, UE could choose to use a shorter sliding window. When the channel condition is getting worse, more samples with low SNR values will be accommodated within the sliding window. Afterwards, the most recent evaluation results will be lower than -7 dB and UE should extend the sliding window to avoid false alarm of BF or OOS. Eventually, when the evaluated period is -12 dB (defined in the test cases considering the margin), UE will trigger BF. We elaborate the process in the following Fig. With more and more samples with lower SNR accommodated within the evaluation period, the averaged SNR over the most recent evaluation period will be lower than the threshold at Point A, then UE shall use a longer evaluation period defined in the spec. And at point B, the evaluated period using samples within the long window reach the Qout_LR, then UE shall trigger BFD or OOS.
[image: ]
Fig. 1 Evaluation period changing with SNR condition.

Observation 5: UE will trigger BF/OOS using long evaluation period as the averaged SNR before BF/OOS over the evaluation period will drop below the condition (-7 dB).
Thus, based on the analysis above, the PDCCH configuration shall be same as the hypothetical PDCCH in spec and test 1 is no needed.
Proposal 1: The PDCCH configuration shall be same as the hypothetical PDCCH in the spec and test 2 is not needed.
We make the corresponding changes in our companion CR. And the analysis in this paper also apply to RLM test cases.
3. Conclusions
Observation 1: In the current test cases for BFD and CBD, the aggregation level of PDCCH is configured as 2 to let UE detect the beam failure at higher SNR condition (-4 dB).
Observation 2: The threshold of Qout_LR and Qin_LR are deterministic value derived from the fixed hypothetical PDCCH and will not change with the actual configuration of aggregation level.
Observation 3: Triggering BF (OOS in RLM) at high channel condition is not expected to both NW side and UE side.
Observation 4: UE is able to UE is able to tell whether there is LBT failure when the measured sample is above -7 dB doesn’t mean UE shall trigger BF (OOS) when SNR is above -7 dB.
Observation 5: UE will trigger BF/OOS using long evaluation period as the averaged SNR before BF/OOS over the evaluation period will drop below the condition (-7 dB).
Proposal 1: The PDCCH configuration shall be same as the hypothetical PDCCH in the spec and test 1 is not needed.
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