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1	Introduction
RAN4#95-e agreed with the way forward on WUS-PDCCH decoding requirements [1]. 
	Whether to introduce joint test for PDCCH-WUS during DRX OFF and PDCCH during DRX ON for power saving UE?
· Keep it open whether to introduce test cases or not
· RAN4 will further discuss detailed test set-up (simulation assumption) considering test feasibility and also need to be checked from RRM aspect. 
· Make decision on whether introducing test cases in Q3 2020. 



We show our simulation results based on the simulation assumption discussed in RAN4#95-e [2]. 
2	Evaluation results
2.1	Simulation parameters
Table 1 shows simulation parameters for WUS-PDCCH decoding performance and Table 2 shows FRC of PDCCH and WUS-PDCCH. 
[bookmark: _Ref46317970]Table 1	Simulation parameters for WUS-PDCCH decoding performance
	Parameter 
	Value 

	Bandwidth 
	10MHz 

	Channel model 
	TDLA30-10 

	Subcarrier spacing 
	15kHz 

	Number of BS antennas 
	1Tx 

	Number of UE antennas 
	2Rx

	DM-RS channel estimation 
	Realistic 



[bookmark: _Ref46317972]Table 2	FRC for PDCCH/WUS-PDCCH 
	Parameters
	Values

	 
	PDCCH 
	WUS-PDCCH 

	DCI format 
	1_0 
	2_6 

	DCI length (excluding 24bits CRC) 
	39 bits 
	12 bits, 36 bits 

	Aggregation level 
	16 
	8, 16  

	CORESET symbol 
	2 
	2 

	CORESET bandwidth 
	48RB 
	48RB 

	Mapping type 
	Interleaved 
	Interleaved 



We used the following metrics for evaluation:
· BLERPDCCH: BLER of PDCCH for the case that only PDCCH transmission 
· BLERPDCCH-WUS: BLER of PDCCH-WUS for the case that only PDCCH-WUS transmission 
· BLERPDCCH-JOINT: BLER of PDCCH for the case that joint transmission of PDCCH-WUS and PDCCH (UE does not wake up when missing PDCCH-WUS in DRX-OFF period), that is, 
· BLERPDCCH-JOINT = BLERPDCCH-WUS + (1 – BLERPDCCH-WUS) * BLERPDCCH
2.2	Simulation results
Figure 1 shows our ideal simulation for PDCCH/WUS-PDCCH according to the simulation setup in Table 1 and Table 2. Table 3 summarizes SNRs to achieve BLERPDCCH-WUS=0.1% and BLERPDCCH-JOINT=0.1%.
 
[image: ]
[bookmark: _Ref46321792]Figure 1	Simulation results of PDCCH/WUS-PDCCH decoding performance. 
[bookmark: _Ref46321929]Table 3	SNR to achieve BLERPDCCH-WUS=0.1%
	Payload (excluding 24 bits CRC)
	12
	12
	36
	36

	Aggregation level
	8
	16
	8
	16

	SNR to achieve BLERPDCCH_WUS=0.1%
	2.4
	0.7
	4.5
	2.2

	SNR to achieve BLERPDCCH_JOINT=0.1%
	3.3
	2.9
	5.1
	4.0



2.3	Discussion
As it is discussed in RAN4#95-e, DCI 2_6 in PDCCH-WUS only triggers UE to receive PDCCH for DL scheduling. This means it is not possible to measure the WUS-PDCCH decoding performance itself because UE does not transmit any feedback on WUS-PDCCH. Therefore the PDCCH-WUS reception performance should be measured with the number of HARQ-ACK from PDSCH scheduled by PDCCH, triggered by PDCCH-WUS.
If RAN4 set the requirements of PDCCH-WUS to achieve BLERPDCCH-WUS=0.1%, the BLERPDCCH should be much less than 0.1% at the SNR achieving BLERPDCCH-WUS=0.1% to avoid the impact of PDCCH decoding error. According to our simulation results, however, it is observed that BLERPDCCH for DL scheduling is not negligible at the SNR where WUS-PDCCH achieves BLER=0.1%. For example, if we assume WUS-WDCCH is configured with DCI=12bits/AL16, SNR=0.7dB for BLERPDCCH-WUS=0.1%. At this SNR point, BLERPDCCH is about 0.2%.
Observation: PDCCH BLER is not negligible at the SNR where PDCCH-WUS achieves BLER=0.1%. 
Alternatively we could define PDCCH/WUS-PDCCH decoding requirements for SNR achieving BLERPDCCH-JOINT=1%, for which it is interpreted PDCCH decoding performance is degraded by PDCCH-WUS decoding error. Table 4 shows the SNR to achieve BLERPDCCH-JOINT=1%. Note SNR at BLERDPCCH=1% is -2.7dB. From the simulation results, for example, SNR for BLERPDCCH=1% is degraded by 0.8dB duel to WUS-PDCCH decoding error, when we set WUS-PDCCH parameter as DCI=12bits/AL16. 
[bookmark: _Ref46331728]Table 4	SNR to achieve BLERPDCCH-JOINT=1%
	Payload (excluding 24 bits CRC)
	12
	12
	36
	36

	Aggregation level
	8
	16
	8
	16

	SNR to achieve BLERPDCCH-JOINT=1%
	-1.2
	-2.0
	0.0
	-1.3



RAN4 is still discussing whether to introduce WUS-PDCCH/PDCCH decoding requirements, but if RAN4 will introduce the requirements, we prefer to set the requirements based on the existing PDCCH decoding requirements, i.e., if we set the PDCCH decoding requirements in TS38.101-4 5.3.2.1.1 Test 5 as baseline (see below), the PDCCH+WUS-PDCCH requirements is set by -2.1 + Δ dB, with BLERPDCCH-JOINT=1%. For example Δ=1.0 in the case WUS-PDCCH is configured as DCI=12bits/AL16.  
Table 5.3.2.1.1-1: Minimum performance for PDCCH with 15 kHz SCS (TS 38.101-4)
	Test number
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	5
	10
	48
	2
	16
	R.PDCCH. 1-2.6 FDD
	TDLA30-10
	1x2 Low
	1
	-2.1


 
[bookmark: _GoBack]3	Summary
Observation: PDCCH BLER is not negligible at the SNR where PDCCH-WUS achieves BLER=0.1%. 
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