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Background
During RAN4#96-e meeting, way forward [1] for NR Rel-16 UE power saving demodulation was approved. There are lots of discussion in previous meeting about the performance requirements definition for the introduction of joint test for PDCCH-WUS during DRX OFF and PDCCH during DRX ON for power saving UE, but no conclusion was reached. In this contribution, we share our views about the UE demodulation requirements for NR Rel-16 power saving.
Discussion
Test setup
	· 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%)



To achieve the test purpose, the test should be able to distinguish good and bad UE behaviors, cases must be designed to make significant performance difference for different UE behavior. Two UE are simulated by using the simulation assumptions derived above, one good UE can achieve 10^-3 BLER for DCI format 2_6 demodulation at the given SNR, another one is bad UE that can only achieve 10^-2 instead 10^-3 BLER for DCI format 2_6 demodulation at the given SNR. The simulation results are shown in Figure 2.1-1 below.
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Figure 2.1-1: PDCCH demodulation performance for the joint case
From the simulation results we can see that there is less than 0.5 dB performance difference between above two UEs. That is to say, the joint case cannot distinguish different UE behaviors properly. 10^-3 BLER test cannot be verified by the joint case.
Observation 1: The joint case cannot distinguish different UE behaviors properly, 10^-3 BLER test metric cannot be verified by the joint case.
From our understanding, to verify the performance of DCI format 2_6, the joint BLER should not be the test metric since the normal PDCCH has lower requirement for BLER. Another alternative way is to only focus on DCI format 2_6 BLER instead of the joint BLER, i.e. set enough high power for the normal PDCCH to ensure 100% successful decoding and set the test metric as 0.1% BLER. By this way the performance of DCI format 2_6 can be verified, but the normal PDCCH has no impact on BLER. Our evaluation for different power boosting factor for normal PDCCH is shown in Figure 2.1-2 below.
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Figure 2.1-2: PDCCH demodulation performance for different power boosting factor
From the simulation results we can see that the impact of normal PDCCH to the test can be negligible, i.e. one order of magnitude lower comparing to the target 10^-3 BLER for DCI format 2_6, if normal PDCCH power boosting factor is greater than 5 dB.
Observation 2: It is feasible to only test DCI format 2_6 performance by setting enough high power level for normal PDCCH to eliminate its impact to the test.
As per the core specification, the DCI format 2_6 payload size is configurable and is 12~140 bits which is decided by the number of scheduled UE and the number of SCell group(s) for each UE in the network. To meet 10^-3 BLER, it is not practical way that only choose smaller payload size, other methods should be considered, such as more than one search space set for transmission of DCI format 2_6 can be configured for UE. If UE only detect one search space set, there will lead to performance degradation. To minimize impact on test, only one position selected randomly to transmit PDCCH-WUS before each DRX on duration should be considered.
Observation 3: To meet 10^-3 BLER, it is not practical way that only choose smaller payload size, other methods should be considered, such as more than one search space set for transmission of DCI format 2_6 can be configured for UE.
For the test time, considering 10ms DRX cycle and 100000 TTI, it will cost about 16.7 minutes. There is a remained issue that how many error samples is used for the test. Considering 95% confidence level, the confidence interval can be about (0.009393, 0.01064) for 1% BLER and shown as Table 2.1-1 for 0.1% BLER as per Clopper-Pearson method. In our view, 100 error samples is sufficient for the test with 0.1% BLER.
Table 2.1-1 Confidence interval for 0.1% BLER at 95% confidence level
	Total samples
	Test time(minutes)
	Confidence interval

	100000
	16.7
	(0.0008137, 0.001216)

	200000
	33.3
	(0.0008663, 0.001149)

	300000
	50
	(0.0008901, 0.001120)

	400000
	66.7
	(0.0009044, 0.001103)

	500000
	83.3
	(0.0009143, 0.001092)



Observation 4: 100 error samples is sufficient for the test with 0.1% BLER.
As above, we prefer Option 2 for test setup for NR power saving performance requirements definition.
Proposal 1: Option 2 for test setup for NR power saving performance requirements definition, i.e.
· 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%)
Simulations
Simulation assumptions in WF [1] is shown as Table 2.2-1 below.
Table 2.2-1: Simulation assumptions for NR power saving
	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



For normal PDCCH, it is reasonable to reuse the test setup specified in current specification TS 38.101-4, so we select the suitable payload sizes for DCI format 2_6 by using the following steps:
· Step1: Selecting one Rel-15 PDCCH case in TS 38.101-4 and set the configuration of normal PDCCH same as that case.
· Step 2: Set the SNR working point that BLER is equal to 10^-2 for normal PDCCH.
· Step 3: Select one payload size for DCI format 2_6 that BLER is equal to 10^-3 at the SNR selected in Step 2.
For selection of Rel-15 normal PDCCH test case, with the bandwidth of 10MHz, CORESET symbol of 2, CORESET bandwidth of 48RB and aggregation level of 8, we select Test 2 of Table 5.3.2.1.2-1 and Test 2 of Table 5.3.3.1.2-1 in TS 38.101-4, as following Table 2.2-2 shows.
Table 2.2-2: Selected Rel-15 normal PDCCH test cases
	Test number
	SCS (kHz)
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	15
	10 
	48
	2
	8
	R.PDCCH. 1-2.5 FDD
	TDLC300-100
	2x2 Low
	1
	-1.3

	2
	15
	10 
	48
	2
	8
	R.PDCCH. 1-2.5 FDD
	TDLC300-100
	2x4 Low
	1
	-4.5



For payload size of DCI format 2_6, considering other test parameters same as the normal PDCCH selected in Table 2.2-2, the simulation results is shown as following Figure 2.2-1.
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Figure 2.2-1: PDCCH-WUS demodulation performance
From the simulation results, we can see that to achieve 10^-3 BLER at the SNR point that the normal PDCCH can achieve 10^-2 BLER, the DCI format 2_6 payload size should be 30 bits with the normal PDCCH configuration in Table 2-1.
Proposal 2: For test parameters for NR power saving cases
· For normal PDCCH, same as Test 2 of Table 5.3.2.1.2-1 and Test 2 of Table 5.3.3.1.2-1 in TS 38.101-4
· DCI format: 1_1
· DCI length (excluding 24bits CRS): 52 bits
· Antenna configuration: 2x2 and 2x4
· Channel model: TDLC300-100
· Aggregation level: 8
· Mapping type: nonInterleaved
· For PDCCH-WUS
· DCI length (excluding 24bits CRS): 30 bits
· Aggregation level: 8
· Mapping type: nonInterleaved
· Other parameter same as the normal PDCCH
Proposals
In this contribution, we discuss on NR UE power saving performance requirements. Our observations and proposals are:
Observation 1: The joint case cannot distinguish different UE behaviors properly, 10^-3 BLER test metric cannot be verified by the joint case.
Observation 2: It is feasible to only test DCI format 2_6 performance by setting enough high power level for normal PDCCH to eliminate its impact to the test.
Observation 3: To meet 10^-3 BLER, it is not practical way that only choose smaller payload size, other methods should be considered, such as more than one search space set for transmission of DCI format 2_6 can be configured for UE.
Observation 4: 100 error samples is sufficient for the test with 0.1% BLER.
Proposal 1: Option 2 for test setup for NR power saving performance requirements definition, i.e.
· 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%)
Proposal 2: For test parameters for NR power saving cases
· For normal PDCCH, same as Test 2 of Table 5.3.2.1.2-1 and Test 2 of Table 5.3.3.1.2-1 in TS 38.101-4
· DCI format: 1_1
· DCI length (excluding 24bits CRS): 52 bits
· Antenna configuration: 2x2 and 2x4
· Channel model: TDLC300-100
· Aggregation level: 8
· Mapping type: nonInterleaved
· For PDCCH-WUS
· DCI length (excluding 24bits CRS): 30 bits
· Aggregation level: 8
· Mapping type: nonInterleaved
· Other parameter same as the normal PDCCH
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