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1 Introduction
RAN4 agreed to introduce demodulation test cases for PDCCH-WUS in Rel-16 and will decide between two options for power saving test in RAN4#97-e [1]. In this contribution, we provide our views for two options and also simulation assumptions.
2 Discussion
2.1 Test procedure and Test Metric
Two options for testing procedure and test metric were discussed in RAN4#96-e [1].
	· Option 1 Joint PDCCH-WUS/PDCCH test
· Configure UE not to wake up when missing DCI format 2_6 in DRX-OFF period 
· “Wake-up indication” in DCI format 2_6 is set to ‘1’
· Transmit PDCCH-WUS in DRX-OFF period and PDCCH in DRX-ON period with the SNR reference value
· No Power boosting for normal PDCCH 
· Verify that BLER of PDCCH meets the following performance requirement
· Pm-dsg_total = PPDCCH-WUS + (1- PPDCCH-WUS) PPDCCH  = 1.099% or 1%
· Option 2 
· ps-WakeUp is not configured and “Wake-up indication” in DCI format 2_6 is set to ‘1’
· drx-LongCycleStartOffset is set to ms10.
· Two search space sets for transmission of DCI format 2_6 is configured for UE, but there is only one position selected randomly to transmit DCI format 2_6 before each DRX on duration.
· Avoid the impact of normal PDCCH to PDCCH-WUS by setting high enough power level for normal PDCCH during the test.
· Transmit PDCCH-WUS in DRX-OFF period (opportunity for DRX) and PDCCH in DRX-ON period (On duration).
· Verify that BLER of PDCCH meets the performance requirement. (0.1%)



Both option1 and option2 consider joint transmission and decoding of PDCCH-WUS and PDCCH. Also, the BLER is obtained based on NACK/ACK from decoding the corresponding scheduled PDSCH. Except the requirement for BLER, we think there is a small difference between option1 and option2. Currently, the BLER requirement for PDCCH is 1% [2] and at least 100,000 subframes are used to test PDCCH [3]. For option2, the performance requirements of PDCCH-WUS is set to 0.1%, it may take 10 times of testing time to achieve the same confidence level with 1% requirement in option1. In the last meeting, some companies mentioned that 100 error samples is enough to test 0.1% with 100,000 subframes [4]. However, without detailed analysis, it is not clear whether 100 error samples for verification of 0.1% BLER is enough to achieve reliable test statistics in fading channel. 
Observation 1: Both option1 and option2 consider joint transmission and decoding of PDCCH-WUS and PDCCH.
Observation 2: For testing time, option2 would take at least 10x longer compared to option1 to reach a similar confidence level.
2.2 Simulation parameters
For simulation parameters for power saving test cases, we prefer to reuse the existing parameters used to test PDCCH [2] as show below.
Table 1: General parameters
	Parameters
	Values

	Bandwidth
	10MHz

	Channel model
	TDLA30-10

	Subcarrier spacing
	15kHz

	Number of BS antennas
	1Tx

	Number of UE antennas
	2Rx, 4Rx

	DM-RS channel estimation
	Realistic

	DRX period
	10ms









Table 2: FRC for PDCCH/PDCCH-WUS
	Parameters
	Values

	
	PDCCH
	 PDCCH-WUS

	DCI format
	1_0
	 2_6

	DCI length (excluding 24bits CRC)
	52 bits
	 12 bits

	Aggregation level
	4
	 8

	CORESET symbol
	2
	 2

	CORESET bandwidth
	48RB
	 48RB

	CCE to REG mapping type
	nonInterleaved
	 nonInterleaved

	REG bundle size
	6
	 6


Table 1 shows the general setting and table 2 shows FRC for PDCCH and PDCCH-WUS. It is noted that FRC for PDCCH in table 2 is the same as the existing test number 3 defined in Table 5.3.2.1.1-1 [2]. Figure 1 shows the simulation results according to the setup in Table 1 and Table 2.
[image: ]
Figure 1. Simulation results for PDCCH/PDCCH-WUS decoding performance.
From the simulation results, it can be shown that BLER for PDCCH is about 1% and BLER for PDCCH-WUS is below 0.1% when SNR is 4dB. Hence, the overall BLER for joint transmission of PDCCH and PDCCH-WUS is around 1%. Besides, to leverage the existing PDCCH test cases to test joint transmission of PDCCH and PDCCH-WUS, we can have applicability rules for UE supporting PDCCH-WUS to skip Rel-15 test(s). If UE passes the test case for joint transmission of PDCCH and PDCCH-WUS, it does not need to pass the test case for PDCCH only with the same FRC. The above simulation setup and results is for example, we can design other test cases with a suitable payload size and aggregation level for PDCCH-WUS by the following steps [5]: 
–	Step1: Select one Rel-15 test case in TS 38.101-4 and set the configuration of normal PDCCH same as that case.
–	Step 2: Set the SNR operation point that BLER is equal to 10^-2 for normal PDCCH.
–	Step 3: Select a suitable payload size and aggregation level for DCI format 2_6 that BLER is equal/below to 10^-3 at the SNR selected in Step 2.
Observation 3: We can design FRC for PDCCH-WUS by leveraging existing PDCCH test cases.
From the above three observations, we have the following proposals.
Proposal 1: Support option1 to define the test cases for power saving.
Proposal 2: Reuse the existing parameters for PDCCH to define test cases for joint transmission of PDCCH and PDCCH-WUS and apply the applicability rule for UE supporting PDCCH-WUS to skip Rel-15 test(s).
3 Summary
The observations and proposals are summarized as below:
Observation 1: Both option1 and option2 consider joint transmission and decoding of PDCCH-WUS and PDCCH.
Observation 2: For testing time, option2 would take at least 10x longer compared to option1 to reach a similar confidence level.
Observation 3: We can design FRC for PDCCH-WUS by leveraging existing PDCCH test cases.
Proposal 1: Support option1 to define the test cases for power saving.
Proposal 2: Reuse the existing parameters for PDCCH to define test cases for joint transmission of PDCCH and PDCCH-WUS and apply the applicability rule for UE supporting PDCCH-WUS to skip Rel-15 test(s).
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