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1. Introduction
In RAN4#96-e meeting, the demodulation requirements for PDCCH DCI format 2_6 was discussed, and a way forward [1] was approved with the following agreements:
GTW session agreement (25th Aug. 2020)
· RAN4 agree to introduce demodulation test cases for PDCCH-WUS in Rel-16.
· The purpose of such test case was to verify UE supporting PDCCH-WUS feature/function designed in RAN1/RAN2.
· Further discuss among option 1/option2 needed considering test time issue.
· RAN4 also aware that with option 1/option 2, UE behavior following PDCCH-WUS indication “0” is not verified.
Way forward
· Test solutions
· Option 1/2 listed in Slides#3 will be used for power saving test. 
· Make a decision in next RAN4 meeting.
· Test complexity aspects 
· DRX cycle
· Use short DRX cycle of 10ms to reduce test time. 
· It should be noted that using 10ms is only for test purpose and has no relation to real deployment.
· Number of error samples
· TBD error samples will be used. 
Note: Currently RAN5 uses 1000 error samples which is time consuming. Need feedback from TE vendors whether 100 error samples are feasible.

This document will further discuss this issue and give our proposals and test design. 

2. Discussion
From the WF [1], demodulation test cases for PDCCH-WUS will be introduced in Rel-16 based on detection of joint PDCCH-WUS and normal PDCCH. The test will be designed based on either option 1 or option 2 as below.
· 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 (drx-LongCycleStartOffset is set to ms10)
· 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%)

The main differences between Option 1 and Option 2 are as following:
1. Whether to verify the PDCCH-WUS BLER performance of 10^-3 or just verify that normal PDCCH BLER performance degradation is within reasonable level (e.g. 1% or 1.099%)?
2. Whether to consider 2 search space during the test?
As discussed in our paper [R4-2009811], what’s important for the test is that the whole work procedure of UE demodulation for PDCCH-WUS and follow-up PDCCH demodulation is verified from UE behaviour point of view; and the normal PDCCH performance degradation is within a reasonable level. We think option 1 can fit such purpose and is a good balance between system performance verification and 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 for option 1 is calculated as
Pm-dsg_total = PPDCCH-WUS + (1- PPDCCH-WUS) PPDCCH
                                                                            = 1.099% ~ 1%
The total test time with 10 ms DRX duty cycle will be in the order of <half an hour.
Option 2 is another candidate solution. But we don’t know to what extent we can reduce the error samples needed. At least option 2 needs an order of magnitude samples more than those for option 1. 
Proposal 1: It is proposed to adopt option 1 with 1% test metric for normal PDCCH.

Regarding search space, we think it does not matter whether to use 1 or 2 from this test purpose perspective. We slightly prefer not to use 2 search spaces but are also ok if companies think that it is necessary.
3. Consideration on specification
The following is the current test specification structure for PDCCH demodulation performance. We propose to add a new section (5.3.4    DCI format 2_6 requirements) for the power saving test.
5.3    PDCCH demodulation requirements
5.3.1    1RX requirements
5.3.2    2RX requirements
5.3.3    4RX requirements
Proposal 2: Adding new section 5.3.4 DCI format 2_6 requirements in TS38.101-4  for power saving test.
The normal PDCCH parameter settings can be selected from the current configurations in Table 5.3-1 in TS 38.101-4. For example, following normal PDCCH configurations in Table 2-1 and Table 2-2 could be used for FDD and TDD respectively:
Table2-1 PDCCH configurations in DRX-ON for FDD
	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)

	3
	10 
	48
	2
	4
	R.PDCCH. 1-2.4 FDD
	TDLA30-10
	1x2 Low
	1
	5.5



Table2-2 PDCCH configurations in DRX-ON for TDD
	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)

	2
	40 
	102
	1
	4
	R.PDCCH. 2-1.2 TDD
	TDLC300- 100
	1x2 Low
	1
	3.0



We have simulated performance for PDCCH DCI formant 2_6. The simulation results are enclosed in the annex. At same SNR operating point with normal PDCCH, the miss possibility of PDCCH DCI formant 2_6 decoding is lower than 0.1%. From our simulation results, the following configurations are proposed
· FDD PDCCH DCI formant 2_6 configurations as: Non-interleaved + 8AL+ 54 or 60bits
· TDD PDCCH DCI formant 2_6 configuration as: Interleaved + 8AL + 54 or 60bits. 
Proposal 3: It is proposed to consider the parameters in Table 2-1 and Table 2-2 for normal PDCCH and the following configurations for PDCCH DCI format 2_6
·  FDD PDCCH DCI formant 2_6 configurations as: Non-interleaved + 8AL+ 54 or 60bits
· TDD PDCCH DCI formant 2_6 configuration as: Interleaved + 8AL + 54 or 60bits. 

Based on the above considerations, a CR for PDCCH DCI formant 2_6 performance test is provided in [4].
4. Conclusion
This contribution discussed the issues for performance test for PDCCH DCI formant 2_6, and presents following proposals: 
Proposal 1: It is proposed to adopt option 1 with 1% test metric for normal PDCCH.
Proposal 2: Adding new section 5.3.4 DCI format 2_6 requirements in TS38.101-4  for power saving test.
Proposal 3: It is proposed to consider the parameters in Table 2-1 and Table 2-2 for normal PDCCH and the following configurations for PDCCH DCI format 2_6
· [bookmark: _GoBack] FDD PDCCH DCI formant 2_6 configurations as: Non-interleaved + 8AL+ 54 or 60bits
· TDD PDCCH DCI formant 2_6 configuration as: Interleaved + 8AL + 54 or 60bits. 
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6. Annex, simulation
1)  Simulation assumption
	Parameter
	Value

	Bandwidth
	10MHz（FDD） 40MHz（TDD）

	SCS
	15kHz（FDD） 30KHz（TDD）

	Number of BS antennas
	1Tx

	Number of UE antennas
	2Rx

	DM-RS channel estimation
	Realistic

	DRX period
	10ms

	Channel model
	TDLA30-10（FDD） TDLC300-100（TDD）

	DCI length (excluding 24bits CRS)
	12，30bits, CRC length 24bits

	Aggregation level
	8, 16

	CORESET symbol
	2

	CORESET bandwidth
	48RB

	Mapping type
	Interleaved, nonInterleaved

	REG bundle size
	6

	Interleaver size
	2

	Target BLER
	0.1%



2)  Simulation results
FDD:
[image: ]

	PDCCH BLER=0.1%
	AL=16
	AL=8

	
	interleaved/non-interleaved
	interleaved
	non-interleaved

	12+24bits
	-2.92dB
	-0.67 dB
	0.57 dB

	30+24bits
	-1.74 dB
	0.76 dB
	2.2 dB

	36+24bits
	-1.6dB
	0.97dB
	2.24dB



Current FDDPDCCH BLER = 1% @ 2.74dB

TDD
[image: ]

	PDCCH BLER=0.1%
	AL=16
	AL=8

	
	interleaved/non-interleaved
	interleaved
	non-interleaved

	12+24bits
	-6.8dB
	-3.27dB
	dB

	30+24bits
	-5.65dB
	-3.16dB
	dB

	36+24bits
	-5.35dB
	-2.48dB
	dB



Current TDD PDCCH BLER = 1% @ -0.56dB
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