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Introduction
In RAN4 #96-e meeting WF on power saving demodulation was approved [1]. In this paper we provide view on demodulation requirements for NR power saving WI.
Discussion
In the previous RAN4 meeting the following agreements were reached on test methodologies for PDCCH-WUS requirements
	· 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-dsgtotal = 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%)


Based on our understanding, the fundamental difference between these two options is just verification of PDCCH-WUS decoding impact on PDCCH performance in Option 1 and implicit verification of PDCCH-WUS performance by artificial improving of PDCCH performance in Option 2.
The benefits of Option 1 are the following:
· We can take existing Normal PDCCH test and just reuse existing requirements with proper PDCCH-WUS configuration selection without extra work on simulation alignment.
· It reflects the practical scenario where PDCCH-WUS performance is better than PDCCH performance.
· Potential testing time can be easily estimated (i.e. 10*Normal PDCCH testing time) which looks rather feasible.
Same time, the only benefit of Option 2 is implicit verification of PDCCH-WUS BLER performance (that BLER 0.1 % can be reached under certain SNR level) which based on our understanding is not the purpose of this test.
Therefore, we propose to use Option 1 for PDCCH-WUS requirements definition with Pm-dsgtotal = 1%.
Proposal 1:	Use the following test solution for PDCCH-WUS requirements:
· 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-dsgtotal = 1%
Based on WF [1] the following simulation assumptions were agreed for further analysis
Table 1. Simulation assumption for PDCCH-WUS requirements
	Parameter
	Value

	
	PDCCH-WUS
	PDCCH

	DCI format
	2_6
	1_0, 1_1

	Bandwidth
	10MHz

	SCS
	15kHz

	Number of BS antennas
	1Tx, 2Tx

	Number of UE antennas
	2Rx, 4Rx

	DM-RS channel estimation
	Realistic

	Channel model
	TDLA30-10, TDLC300-100

	DCI length (excluding 24bits CRS)
	12 bits, 36 bits, 30bits
	39bits, 52bits

	Aggregation level
	8, 16
	4, 8

	CORESET symbol
	2

	CORESET bandwidth
	48RB

	Mapping type
	Interleaved(size2), Not Interleaved
	Interleaved(size2), Not Interleaved

	REG bundle size
	6


[bookmark: _GoBack]For further analysis we take one of the existing PDCCH FDD test to understand which PDCCH-WUS configuration is more suitable to meet test purpose. Such candidate is Test 3 in Table 5.3.2.1.1-1 of TS 38.101-4 with the following PDCCH configuration
Table 2. Configuration of Normal PDCCH
	Parameter
	Value

	
	PDCCH

	DCI format
	1_1

	Bandwidth
	10MHz

	SCS
	15kHz

	Number of BS antennas
	1Tx

	Number of UE antennas
	2Rx

	Channel model
	TDLA30-10

	DCI length (excluding 24bits CRS)
	52bits

	Aggregation level
	4

	CORESET symbol
	2

	CORESET bandwidth
	48RB

	Mapping type
	Not Interleaved

	REG bundle size
	6



	PDCCH-WUS, Not Interleaved, 36 bits, AL 8

	PDCCH-WUS, Not Interleaved, 36 bits, AL 16


	PDCCH-WUS, Not Interleaved, 12 bits, AL 8

	PDCCH-WUS, Not Interleaved, 12 bits, AL 16


	Figure 1. Simulation analysis of joint PDDCH and PDCCH-WUS performance



From these results we can observe that only for scenarios with PDCCH-WUS AL 8 and 36 bits PDCCH-WUS decoding has small impact on Normal PDCCH performance.
Proposal 2:	For FDD PDCCH-WUS demodulation requirements use the following assumptions:
· Reference Normal PDCCH configuration is based on Test 3 in Table 5.3.2.1.1-1 and Table 5.3.3.1.1-1 of TS 38.101-4
· PDCCH-WUS configuration: Non-interleaved mapping, 36 bits AL 16 or 12 bits AL 8.
Conclusion
In this paper we provided view on demodulation requirements for power saving and made the following proposals:
Proposal 1:	Use the following test solution for PDCCH-WUS requirements:
· 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-dsgtotal = 1%
Proposal 2:	For FDD PDCCH-WUS demodulation requirements use the following assumptions:
· Reference Normal PDCCH configuration is based on Test 3 in Table 5.3.2.1.1-1 and Table 5.3.3.1.1-1 of TS 38.101-4
· PDCCH-WUS configuration: Non-interleaved mapping, 36 bits AL 16 or 12 bits AL 8.
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