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1. Introduction
In the last RAN4 meeting, a way forward on power saving demodulation was approved [1] with the following contents:
· Issue 1: Whether to introduce joint test for PDCCH-WUS during DRX OFF and PDCCH during DRX ON for power saving UE?
After several rounds of discussion in RAN4#94ebis and RAN4#95e meeting, the following 2 options are still pending,
· Option 1: To define a joint test case for PDCCH-WUS in DRX OFF and PDCCH in DRX ON.
· (CATT, CMCC, Qualcomm, MediaTek, vivo, NTT DoCoMo?)
· Option 2: No new requirements are needed.
· (Huawei, Intel)
Recommended WF: 
· 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.

This document will discuss further the test for PDCCH-WUS, and give our proposals. 

2. Discussion
2.1    Rationale for PDCCH-WUS test
PDCCH-WUS in DRX OFF state was designed to indicate whether there is follow-up PDCCH in DRX-ON period and DCI format 2_6 is introduced for such purpose. In addition RRC parameter “PSWakeUpOrNot” is introduced for power saving.
As discussed in the last RAN4 meeting, if UE detects DCI format 2_6, no matter what the configuration of RRC parameter “PSWakeUpOrNot” is, it will follow the value of “Wake-up indication” to wake up or sleep in the next occurrence of drx_OnDuration. If UE does not detect DCI format 2_6, the behaviour of UE depends on the RRC parameter “PSWakeUpOrNot”. For the case that higher layer does configure UE to wake up, UE will wake up in DRX-ON period even if UE misses DCI format 2_6 and there is no performance loss but power saving efficiency may be degraded. While if “PSWakeUpOrNot” is configured as “UE not wakeup” or there is no higher layer configuration, UE does not wake up in DRX-ON period when it does not detect DCI format 2_6. It will miss the DCI indicated in DRX-ON period and cause performance loss if “Wake-up indication = 1”. The misdetection of DCI format 2_6 will result in data loss, increased latency and waste of both PDSCH and PDCCH resources.
Several factors make it essential to have corresponding test cases for PDCCH-WUS
· New DCI format 2-6 is designed for PDCCH-WUS. Although there is no difference between PDCCH and PDCCH-WUS from demodulation algorithm point of view. However the target performance metric for PDCCH-WUS is 10-3 which is much lower than 10-2 for normal PDCCH.
· PDCCH-WUS is used in DRX OFF state which is totally different from normal PDCCH in DRX ON state. The UE demodulation behaviour might be different since the UE need to warm-up at first.
· The whole work procedure of UE demodulation for PDCCH-WUS and follow-up PDCCH needs to be verified from UE behaviour point of view.
· It is necessary to ensure that the PDCCH performance in DRX ON is not degraded by PDCCH-WUS miss detection.
In the last meeting, there was a company idea to have a RRM test case for PDCCH-WUS. By our understanding, the RRM requirements and tests are related with measurement accuracy, measurement period, cell reselection/handover delay, transmit timing, and interruption requirements. The test case for PDCCH-WUS should test performance of UE decoding PDCCH-WUS and the whole joint PDCCH-WUS/PDCCH work process and UE behaviour. We don’t think PDCCH-WUS test has anything related to RRM test.
Proposal 1: Demodulation test should be considered for PDCCH-WUS.

2.2    Test case design
In last meeting, the test consideration has presented in [2, 3] of PDCCH-WUS.
At first, it should be noted that no feedback is defined for UE decoding PDCCH-WUS. So it is not possible to design a PDCCH-WUS only test since it cannot be verified in RAN5. On the other hand we need to verify the correct UE behaviour on decoding PDCCH-WUS and follow-up PDCCH. This is the main motivation on the proposed joint PDCCH-WUS/PDCCH test. So it is propose that the test case should be designed as reasonable performance degradation compared to the current PDCCH test cases in Rel-15. The PDCCH performance when PDCCH-WUS is configured should be calculated as
Pm-dsg_total = PPDCCH-WUS + (1- PPDCCH-WUS) PPDCCH
Proposal 2: Joint test case for PDCCH-WUS/PDCCH should be introduced and the test should be designed as reasonable performance degradation compared to the current PDCCH test cases in Rel-15

During the test, the following should be considered,
· “PSWakeUpOrNot” should be set as “UE not wakeup” or not configured. 
· To minimize the test time needed, DRX cycle should be selected as the minimum value of 10ms. 
· Before every DRX active time, network sent PDCCH-WUS to indicated UE wake-up for follow-up PDCCH Rx.
· Check the PDCCH performance according to the number of ACK/NACK responding to the scheduled PDSCH in DRX ON.
· Reasonable aggression level for PDCCH-WUS and PDCCH should be considered to ensure a single SNR operating point is used for both signal.
The following test parameters in Table 2.2-1 and Table 2.2-2 are proposed. The aggregation level can be reduced to 1 value once we find the SNR operating point.
Proposal 3: The test parameters in Table 2.2-1 and 2.2-2 are adopted for PDCCH-WUS/PDCCH joint test.

Table 2.2-1: Common test Parameters
	Parameter
	Unit
	Value

	Carrier configuration
	Offset between Point A and the lowest usable subcarrier on this carrier
	
	0

	DL BWP configuration #1
	Cyclic prefix
	
	Normal

	
	RB offset
	RBs
	0

	Common serving cell parameters
	Physical Cell ID
	
	0

	
	SSB position in burst
	
	1

	
	SSB periodicity
	ms
	20

	PDCCH DCI format 2_6 configuration
	Slots for PDCCH monitoring
	
	Each slot

	
	Number of PDCCH candidates
	
	1

	
	Frequency domain resource allocation for CORESET
	
	Start from RB = 0 with contiguous RB allocation

	
	TCI state
	
	TCI state #1



Table 2.2-2: PDCCH-WUS test parameters
	Parameter
	Value

	Bandwidth
	10MHz

	SCS
	15kHz

	Number of BS antennas
	1Tx

	Number of UE antennas
	2Rx, 4Rx

	DM-RS channel estimation
	Realistic

	Channel model
	TDLA30-10

	DCI length (excluding 24bits CRS)
	12 bits, 36 bits

	Aggregation level
	4, 8, 16

	CORESET symbol
	2

	CORESET bandwidth
	48RB

	Mapping type
	Interleaved, nonInterleaved

	REG bundle size
	6

	Interleaver size
	2



2.3    Test complexity aspect
One of a concern on introducing such test case is the test complexity. In annex G, Statistical Testing, of specification TS38.521-4, the number of test samples needed depends on the test target. 130000 sub-frames are need for R.PDCCH.2-1.1 TDD PDCCH demodulation with 1% performance metric. Assuming 10-3 for PDCCH-WUS and 10-2 for PDCCH, Pm-dsg_total is calculated as
Pm-dsg_total = PPDCCH-WUS + (1- PPDCCH-WUS) PPDCCH
                                                                            = 1.099%
We think around 100000 samples is enough for the test. The total test time will be in the order of within half an hour.
Observation: Test complexity is not a concern for PDCCH-WUS/PDCCH joint test.

3. Conclusion
This document discussed the demodulation test for PDCCH-WUS for power saving and gave the following observations and proposals:
Proposal 1: Demodulation test should be considered for PDCCH-WUS.
Proposal 2: Joint test case for PDCCH-WUS/PDCCH should be introduced and the test should be designed as reasonable performance degradation compared to the current PDCCH test cases in Rel-15
Proposal 3: The test parameters in Table 2.2-1 and 2.2-2 are adopted for PDCCH-WUS/PDCCH joint test.
Observation: Test complexity is not a concern for PDCCH-WUS/PDCCH joint test.
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5. Annex	tentative simulation results
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