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Introduction
There were some discussions on demodulation requirements for power saving in RAN4#95-e meeting. The WF on power saving demodulation was approved in R4-2008802.
The targets of email discussion for 1st round and 2nd round are:
· 1st round: discuss the open issues and strive to minimize the open issues
· 2nd round: according to 1st round discussion, discuss left open issues for 2nd round
Topic #1: PDCCH-WUS
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	TDoc
	Source
	Proposals / Observations

	R4-2009721
	Intel Corporation
	Observation #1: No new demodulation processing is verified in PDCCH-WUS test.
Observation #2: PDCCH-WUS requirements are not feasible from test time perspective.
Observation #3: Existing test methodology does not allow to verify whether decoding of PDCCH-WUS has impact of Normal PDCCH/PDSCH.
Proposal 1:	Do not define demodulation requirements for PDCCH-WUS verification.

	R4-2009811
	CATT
	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.

	R4-2010101
	CMCC
	Proposal 1: To define a joint test case for PDCCH-WUS in DRX OFF and PDCCH in DRX ON. 
Proposal 2: The test metric of joint test can be the BLER of PDCCH.
Proposal 3: The joint test can be based on following steps:
1)	 The parameter “ps-WakeUp” is unconfigured. 
2)	Transmit PDCCH-WUS in DRX-OFF period and PDCCH in DRX-ON period.
3)	Verify that BLER of PDCCH meets the performance requirement.
Observation 1: The test time of joint test can be 16.67min.
Proposal 4: Set the DRX cycle to 10ms in the joint test.

	R4-2010478
	Ericsson
	Observation: PDCCH BLER is not negligible at the SNR where PDCCH-WUS achieves BLER=0.1%.

	R4-2010718
	MediaTek inc.
	Observation 1: If UE is configured not to wake up by RRC and when it does not detect DCI format 2_6, it may cause performance loss  
Proposal 1: The test case of PDCCH-WUS can be conducted based on the following setups: 
1)	Configure UE not to wake up when missing DCI format 2_6 in DRX-OFF period 
2)	Transmit PDCCH-WUS in DRX-OFF period and PDCCH in DRX-ON period 
3)	Verify that Pm-dsg of PDCCH-WUS enabled UE meets the performance requirement

	R4-2010995
	Huawei, HiSilicon
	Observation 1: 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 is configured for UE.
Observation 2: The joint case cannot distinguish different UE behaviors properly, 10^-3 BLER test metric cannot be verified by the joint case.
Observation 3: 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 4: 80ms long DRX cycle is not feasible from test time point of view.
Proposal 1: For determining whether define power saving test cases, the following open issue should be studied.
–	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.
–	The joint case cannot distinguish different UE behaviors properly, 10^-3 BLER test metric cannot be verified by the joint case.
–	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.
–	80ms long DRX cycle is not feasible from test time point of view.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Issue 1-0: Whether to define a joint test case for PDCCH-WUS
· Proposals:
· Option 1: To define a joint test case for PDCCH-WUS in DRX OFF and PDCCH in DRX ON. (CATT, CMCC, MediaTek)
· Option 2: No new requirements are needed. (Intel)
· Option 3: Define the case only if the test case can obviously distinguish different UE behaviour. (Huawei)
· Recommended WF
·  5 companies discuss this issue. 3 of them support to define a joint test case. 1 company have concern on the testing time. 1 company concern on the issue that whether the test case can obviously distinguish different UE behaviour. With issue 1-1 to reduce the DRX cycle, the testing time can be reduced significantly. Companies please check whether the following recommended WF is acceptable.
· To define a joint test case for PDCCH-WUS in DRX OFF and PDCCH in DRX ON.

Issue 1-0a: If the test case is agreed to be defined, whether the case should obviously distinguish different UE behaviour for detection of WUS-PDCCH (i.e. whether UE can achieve 10^-3 BLER for WUS-PDCCH or not)?
· Proposals:
· Option 1: Yes 
· Option 2: No
· Recommended WF
· Option 1

Issue 1-1: DRX cycle for PDCCH-WUS/PDCCH joint test
· Proposals:
· Option 1 (CATT, CMCC): 10ms
· Option 2 (Huawei, Intel): 80ms long DRX cycle is not feasible from test time point of view.
· Recommended WF
· 80ms DRX cycle was captured in last meeting simulation assumption. 2 companies propose to change the DRX cycle to 10ms in order to reduce the testing time. Another 2 companies also mention 80ms is too long for the testing. So moderator suggests using 10ms DRX cycle instead of 80ms DRX cycle. The recommended WF is:
· If PDCCH-WUS/PDCCH joint test is introduced, use 10ms DRX cycle.

Issue 1-2: Test metric
· Proposals:
· Option 1 (Ericsson, CATT, MTK, CMCC): 
BLERPDCCH-JOINT = BLERPDCCH-WUS + (1 – BLERPDCCH-WUS) * BLERPDCCH 
· 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)
· Option 2 (Huawei, R4-2010995): 
· 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. 
· 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.
· Option 3 (vivo): 
· Only focus on DCI format 2_6 BLER instead. The PUCCH on-power is used as test metric. If PDCCH-WUS indicates wakeup, UE should transmit CSI on PUCCH normally. If PDCCH-WUS indicates not wakeup or is not sent, UE does not start on-duration time and therefore UE should not transmit CSI on PUCCH. TE randomly generate the PDCCH-WUS and check whether UE uplink power is under expectation. By this way the performance of DCI format 2_6 can be verified without any impact from normal PDCCHs. 
· 
· Recommended WF
· Since it is not possible to measure the WUS-PDCCH decoding performance itself because UE does not transmit any feedback on WUS-PDCCH. So the PDCCH-WUS reception performance should be measured with the number of HARQ-ACK from PDSCH scheduled by PDCCH, triggered by PDCCH-WUS. It seems option 2 is a special case of option 1.
· So the recommended WF is to first agree on following test metric.
BLERPDCCH-JOINT = BLERPDCCH-WUS + (1 – BLERPDCCH-WUS) * BLERPDCCH 
· 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)
· Then further discuss how to test. Companies please provide comments the feasibility of option 2.

Issue 1-3: BLER of PDCCH to be tested
· Proposals:
· Option 1 (Ericsson, MTK): 1%
· Option 2 (CATT, CMCC): 1.099%
· Option 3 (Huawei): 0.1%
· Recommended WF
· Option 3 is related to the option 2 in the issue 1-2, and can be discussed later. Companies please first provide your comments on option 1 and option 2.


Issue 1-4: Test procedure
· Proposals:
· Option 1 (MTK):
· Configure UE not to wake up when missing DCI format 2_6 in DRX-OFF period 
· Transmit PDCCH-WUS in DRX-OFF period and PDCCH in DRX-ON period with the SNR reference value
· Verify whether the Pm-dsg of PDCCH-WUS enabled UE is below 1% or not
· Option 2 (CATT):
· “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.
· Pm-dsg_total = PPDCCH-WUS + (1- PPDCCH-WUS) PPDCCH  = 1.099%

· Option 3 (CMCC):
· The parameter “ps-WakeUp” is unconfigured. 
· Transmit PDCCH-WUS in DRX-OFF period and PDCCH in DRX-ON period.
· Verify that BLER of PDCCH meets the performance requirement. (1.099%)
· Option 4 (Huawei): 
· 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%)
· Option 5 (vivo):
· “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 for indicating UE to start on-duration timer or do not sent PDCCH-WUS for indicating UE not to start on-duration timer. TE randomly select between sent or not sent.
· TE check whether UE behavior in the next DRX on-duration is under expectation or not, i.e. if UE sent periodic CSI during On-duration after TE sent PDCCH-WUS indication, or if UE do not sent periodic CSI during On-duration after TE cancel the PDCCH-WUS transmission, ACK_WUS = ACK_WUS + 1; otherwise NACK_WUS = NACK_WUS + 1.
· Pm-dsg_WUS = NACK_WUS / (ACK_WUS + NACK_WUS).
· Recommended WF
· 4 companies discuss this issue. Some detailed parameters are different which are already captured as independent issues to be discussed. So it is recommended to agree on the following general procedure :
· Configure UE not to wake up when missing DCI format 2_6 in DRX-OFF period 
· Transmit PDCCH-WUS in DRX-OFF period and PDCCH in DRX-ON period with the SNR reference value
· Verify that BLER of PDCCH meets the performance requirement. 


Issue 1-5: Test parameters for PDCCH-WUS
· Proposals:
· Option 1
	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 CRC)
	Option 1 (Ericsson): 12 bits
Option 2 (MTK): 36 bits
Option 3 (CATT): 12 bits, 36 bits

	Aggregation level
	Option 1 (Ericsson): 8, 16
Option 2 (MTK): 8
Option 3 (CATT): 4, 8, 16

	CORESET symbol
	2

	CORESET bandwidth
	48RB

	Mapping type
	Option 1 (Ericsson): Interleaved
Option 2 (CATT): Interleaved, nonInterleaved

	REG bundle size
	6

	Interleaver size
	2



· Option 2 (Huawei)
	Parameter
	Value

	Bandwidth
	10MHz

	SCS
	15kHz

	Number of BS antennas
	2Tx

	Number of UE antennas
	2Rx, 4Rx

	DM-RS channel estimation
	Realistic

	Channel model
	TDLC300-100

	DCI length (excluding 24bits CRC)
	30bits

	Aggregation level
	8

	CORESET symbol
	2

	CORESET bandwidth
	48RB

	Mapping type
	Not Interleaved

	REG bundle size
	6

	Interleaver size
	N/A



· Recommended WF:
· There are still some open issues on the PDCCH-WUS parameters. Companies please provide views on the DCI length, aggregation level, Number of BS antennas, channel model  and mapping type in the above table.

Issue 1-6: Test parameters for PDCCH
· Proposals:
· Option 1
	Parameters
	Values

	 
	PDCCH 

	DCI format 
	1_0 

	DCI length (excluding 24bits CRC) 
	39 bits 

	Aggregation level 
	Option 1 (Ericsson): 16
Option 2 (MTK): 4 

	CORESET symbol 
	2 

	CORESET bandwidth 
	48RB 

	Mapping type 
	Interleaved 



· Option 2 (Huawei)
	Parameters
	Values

	 
	PDCCH 

	DCI format 
	1_1

	DCI length (excluding 24bits CRC) 
	52 bits 

	Aggregation level 
	8

	CORESET symbol 
	2 

	CORESET bandwidth 
	48RB 

	Mapping type 
	Not Interleaved 




· Recommended WF:
· There are options on aggregation level, DCI format, DCI length and mapping type. Companies please provide views on the aggregation level, DCI format, DCI length and mapping type for PDCCH in above table.

Issue 1-7: Common test parameters
· Proposals:
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



· Recommended WF:
· Recommend to agree on the parameters in above table.


Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	XXXvivo
	Sub topic 1-1: 
Sub topic 1-2:
….
Others:
Issue 1-0: Whether to define a joint test case for PDCCH-WUS
Option 3 is more reasonable. No objection to the WUS demodulation test case, but if such test case is defined, it should be able to identify whether UE behaviour of WUS reception is under expectation.
Regarding to the joint test case of PDCCH-WUS and normal PDCCH, in our view this cannot distinguish whether decoding performance of WUS is below expectation, or decoding performance of normal PDCCH is below expectation. In other word, this is not the optimal test set-up to verify WUS.
On the other hand, in our view, it is better to test PDCCH-WUS by testing whether UE can start/stop on-duration timer rather than testing the normal PDCCH. In RLM/BFD test cases defined in RRM session, UE is configured with periodic CSI reports on PUCCH and the on power is tested. If UE can start DRX on-duration normally, it can transmit CSI on PUCCH normally. In our view this is more efficient and more straight forward way in testing PDCCH-WUS.
Issue 1-0a: If the test case is agreed to be defined, whether the case should obviously distinguish different UE behaviour for detection of WUS-PDCCH (i.e. whether UE can achieve 10^-3 BLER for WUS-PDCCH or not)?
Option 2, No.
We agree that the case should obviously distinguish different UE behaviour. However, this does not means UE need achieve 10^-3 BLER for PDCCH-WUS.
Whether UE achieve 10^-3 BLER depends on the side condition. We are fine to modify such side condition but we do not see this means UE behaviour is distinguished.
Issue 1-1: DRX cycle for PDCCH-WUS/PDCCH joint test
Option 1 is acceptable to us. However we also see 20ms is feasible.
Issue 1-2: Test metric
We add option 3 and suggest companies to check whether option 3 is adoptable.
Issue 1-3: BLER of PDCCH to be tested
We are fine to either around 1% or 0.1%, if corresponding side condition is set.
Issue 1-4: Test procedure
We add option 5 and suggest companies to check whether option 5 is adoptable.
Issue 1-5: Test parameters for PDCCH-WUS
DCI length: slightly prefer 36 bits;
Aggregation level: slightly prefer 8;
Channel model: TDLA
Number of BS ants: 1
Mapping type: slightly prefer not interleaved
Issue 1-6: Test parameters for PDCCH
Not needed.
Issue 1-7: Common test parameters
Additionally, periodic CSI report based on PUCCH should be configured and parameters should align with the configured DRX cycle.

	CATT
	Issue 1-0: 
We support the recommended WF. 
Issue 1-0a: 
Different UE bahaviors could be differentiated but we don’t have to do so. It depends on how we trade off the test complexity and test target. 
Issue 1-1: 
We support the recommended WF. 10ms DRX cycle can help to reduce the test time effectively.
Issue 1-2: 
We agree with the recommended WF on test metric. E.g. the following should be adopted.
BLERPDCCH-JOINT = BLERPDCCH-WUS + (1 – BLERPDCCH-WUS) * BLERPDCCH 
We also agree that option 2 is a special case of option 1 since in both cases the performance is measured with the number of HARQ-ACK from PDSCH scheduled by PDCCH, triggered by PDCCH-WUS. For option 2 the test metric becomes to BLERPDCCH-JOINT = BLERPDCCH-WUS. 
However, the problem of option 2 is two folds
· Testing time is about ten times of that for option 1. 
· The SNR setting for PDCCH-WUS and PDCCH will be varied in the test, which may increase the test complexity.
If testing time and test complexity is not a concern for UE vendor we are ok with either option 1 or option 2. Otherwise Option 1 should be used for further evaluations.
Issue 1-3: 
If we can go with option 1 in Issue 1-2. We are fine to use either Option 1 (1%) or Option 2 (1.099%)
Issue 1-4: 
We support the recommended WF on test procedures by moderator.
Issue 1-5/6/7：
Will provide comments later.

	Apple 
	Issue 1-0: 
Option 2. No test case defined for joint PDCCH-WUS and PDCCH decoding test. 
Current proposals for joint test cannot obviously distinguish different UE behaviour for detection of WUS-PDCCH (i.e., whether PDCCH-WUS can achieve 0.1% BLER or not). Current proposals to test PDCCH-WUS only can test 01% BLER of PDCCH-WUS. However, measuring WUS-PDCCH decoding performance itself is not straightforward because UE does not transmit any feedback on WUS-PDCCH. Therefore, we support option 2, no test is defined.  
Issue 1-0a: 
Yes. The test case should obviously distinguish different UE behaviour. 
Issue 1-1 to 1-7:
Will provide comments after issue 1-0 is agreed. 



	Intel
	Issue 1-0: Whether to define a joint test case for PDCCH-WUS
We propose not to define a joint test case for PDCCH-WUS, because verification of PDCCH-WUS decoding impact on Normal PDCCH/PDSCH is rather infeasible and we have the following comments for options described in papers submitted for this meeting:
· If we consider scenarios with Normal PDCCH power boosting (to verify only PDCCH-WUS decoding) and set test metric as 0.1% WUS BLER, then test time will be rather long (around 2.8 hrs even for DRX cycle 10 ms [100000*10*10/1e3/3600, where 100000 is minimum number of active slots for 1% BLER]);
· If we consider scenarios without Normal PDCCH power boosting and set test metric as 1% Joint BLER then test time can be rather feasible with 10 ms DRX cycle. Same time, such test setup does not allow to verify whether PDCCH-WUS decoding has impact on performance;
· It is not clear how we can verify that UE follows power saving procedures and doesn’t always wake up to monitor Normal PDCCH in case field ps-WakeUp-r16 is absent.
Also, we would like to note that WUS is also defined for LTE MTC and NB-IoT devices. However, there are no performance requirements to verify WUS decoding.
As for proposal from Vivo, we think that more time is needed to understand the details of proposed procedure for PDCCH-WUS testing, taking into account that it was proposed just now for demod discussion. Information about Pm-dsg_WUS value and frequency of PDCCH-WUS transmission (i.e. once per two, three or higher number of DRX cycles) will be rather helpful to estimate approximate testing time.


	Vivo2
	[Immediate reply to Intel]
Regarding to Pm-dsg value, we are currently open to discuss. Although we prefer 1% the same as legacy PDCCH, we are also open to discuss whether 0.1% for WUS is needed. Anyway if 0.1% is taken, the number of DRX cycles tested may need to be set as no more than 100,000 and probably lead to some degradation.
Regarding to the frequency of PDCCH-WUS transmission, in our view this should be more like probability since whether transmit or not transmit WUS is randomly decided by TE. The probability of transmitted WUS and probability of not transmitted should be both 50%.
Regarding to MTC/NB-IoT WUS design, as far as I know they are for idle mode and this is the first WUS introduced in connected mode.

	CATT2
	For Intel:
WUS for LTE MTC and NB-IoT devices is different from WUS for power saving. NB-IOT WUS is a sequence based signal while power saving WUS is a PDCCH carrying data bits. By our understanding, this may is the reason why NB-IOT WUS cannot be tested and there is no performance metric for it. 
How to trade off the test complexity and test purpose can be discussed. Maybe we don’t need so many samples. 
For vivo:
Regarding the proposal from vivo, our understanding is that it is the same as the previous proposal from test complexity point of view. And we think random transmission 1 and 0 is not necessary. What concerns is network sends 1 for UE to wake up but UE fails to detect it correctly. So repeatedly transmitting 1 for WUS will fit the purpose more accurately.  


	Qualcomm
	Issue 1-0: Ok with recommended WF.
Issue 1-1: We are ok to reduce the DRX cycle to 10ms. However, it should be clarified in the spec that this is done purely for testability reasons and it is not a typical scenario. Otherwise, someone not involved in 3gpp discussion may consider this as typical deployment scenario.
Issue 1-2: Ok with recommended WF. Prefer Option 1.
Issue 1-3: Ok with Option 1 or Option 2. 0.1% metric will result in longer test time.
Issue 1-4: Ok with Option 2.
Issue 1-5/1-6: In practice, PDCCH-WUS will have much lower payload compared to PDCCH because PDCCH-WUS needs to be more reliable compared to PDCCH. Also, AL16 with very low payload size will result in very low SNR requirements. So, we prefer to have 12 bits, AL8 for PDCCH-WUS and for PDCCH, we can consider 39 or 52 bits with AL4 or AL8. This can be decided based on simulation results. But the principle of having lower payload for PDCCH-WUS compared to PDCCH should be agreed and Aggregation level should be >= 8 for both PDCCH and PDCCH-WUS.

	MediaTek
	Issue 1-0: 
Support the recommended WF to define a joint test case for PDCCH-WUS in DRX OFF and PDCCH in DRX ON.

Issue 1-1: 
To reduce the time for testing, we support the recommended WF to set the DRX cycle as 10ms.

Issue 1-2: 
Support the recommended WF. For option2, the testing time for 0.1% BLER is a concern.

Issue 1-3: 
We support option1 (1%) but we are OK with option2 (1.099%). 

Issue 1-4: 
We support the recommended WF.


	Vivo3
	[Immediate Reply to CATT]
For the issue raised by CATT, we have response as follows:
1. If only PDCCH-WUS sending 1 for UE to wake up is tested, then UE behaviour for fulfilling such test case can be such as detecting the DMRS of the PDCCH, without PDCCH decoding. In this case, whether UE behaviour is in accordance with the spec cannot be precisely verified by the test.
2. In our understanding, network sending 0 or not sending PDCCH-WUS is not only for the purpose of UE power saving. If periodic CSI feedback is configured, UE may also cancel the CSI feedback in the coming DRX cycle, in which network interference is reduced. This UE behaviour may also impact network performance.
3. The joint test case of PDCCH and PDCCH-WUS cannot differentiate whether decoding performance of WUS is below expectation, or decoding performance of normal PDCCH is below expectation. On the other hand, testing PUCCH on-off power can solve this problem in our view.

	CMCC
	Issue 1-0: Whether to define a joint test case for PDCCH-WUS
We prefer Option 1 and Option 3 is also OK for us if test time is not an issue for TE. 

Issue 1-0a: If the test case is agreed to be defined, whether the case should obviously distinguish different UE behaviour for detection of WUS-PDCCH (i.e. whether UE can achieve 10^-3 BLER for WUS-PDCCH or not)?
This issue is related to issue 1-0.
If we consider Option 1 in issue 1-0, then the answer for this issue is no. In our view, the ultimate aim of joint test is to verify whether the performance of PDCCH can be guaranteed under power saving mode. So there is no need to distinguish different UE behaviour for detection of PDCCH-WUS. 
If consider Option 3 in issue 1-0, then the answer is yes. 
We may discuss this issue after issue 1-0 is agreed.

Issue 1-1: DRX cycle for PDCCH-WUS/PDCCH joint test
OK with recommended WF.

Issue 1-2: Test metric
The issue is related to issue 1-0, either Option 1 and Option 3 is OK for us.
If we agree Option 1 in issue 1-0, then we support Option 1. From our point of view, the purpose of the joint test is to verify that the PDCCH miss-detection probability meets the performance requirements under the influence of PDCCH-WUS detection results, therefore it is more reasonable that the test metric is the BLER of PDCCH.
If Option 3 in issue 1-0 is agreed, then we support Option 3, but test time of option 3 may become a concern even adopt 10ms DRX period.

Issue 1-3: BLER of PDCCH to be tested
This issue should be considered jointly with test SNR, if SNR keeps unchanged comparing to corresponding PDCCH requirements, we support Option 2, since when considering power saving mode, the BLER of PDCCH will degrade due to the influence of PDCCH-WUS demodulation result. If SNR in joint test can be changed compared to corresponding PDCCH requirements, Option 1 is also OK for us.

Issue 1-4: Test procedure
OK with recommended WF
The updated Option 5 below also seems OK for us, while how to reduce test time should be further discussed. Besides, regarding to bullet 3 and bullet 4 in Option5, we do not understand why TE need to randomly select between sent or not sent.

	CATT
	We would like to further clarify the differences between these test options. In our view the 3 tests can be classified as following,
Type 1: Joint PDCCH-WUS and PDCCH test (Option 1/2)
Type 2: Joint PDCCH-WUS and PUCCH test (Option 3)
 
Whether the test can differentiate different UE behaviour depends on the selected test metric and the number of samples. E.g. 10^-2 or 10^-3. If we use 10^-3, both types of test can differentiate different UE behaviour, e.g. Option 2 with high SNR setting for PDCCH in DRX ON and 10-3 metric. This is why our first time comments said that it depends how we trade off the test purpose and the test complexity. It is the same situation for Type 2 (Option 3). Only when the samples ensure 10^-3, can Type 2 (option 3) can differentiate the UE behaviour. In this regard, I don’t see the difference between these 2 types of test in terms of testing UE behaviour. Also it doesn’t have any difference in terms of test time if we use the same criteria for both types.

But, Type 2 (Option 3) proposed to check the PUCCH power which is a new scheme that has never been used in demodulation test. We are not sure this way has benefit in terms of impact to TE vendor. This is also a kind of test complexity.



	Vivo4
	[Immediate reply to CMCC]
Thanks for the comments. 
Regarding to the issue of test time, there are two possible solutions:
1. 1% Pm-dsg is tested with 100,000 samples. This should be feasible since test time is around 16 mins
2. 0.1% Pm-dsg is tested with 100,00 samples. This would mean that 100,000 samples of PDCCH-WUS are used to verify performance of 0.1% BLER. However, in joint test setup mentioned above in which normal PDCCH BLER is tested, the number of PDCCH-WUS samples is also reduced to the same scale. In our view, if that is acceptable then this should be also fine. Then test time is also acceptable as around 16mins.
In all, test time for option 5 in issue 1-4 should be the same as joint test case.
Regarding to the issue of randomly selection, we are open to discuss. In our view this reduces RAN4 efforts in defining a reference pattern of PDCCH-WUS and is also implementable by TE vendors. Anyway if companies are more incline to define some reference patterns then we are also fine.

[Immediate reply to CATT]
Thanks for the further discussion.
Firstly, we do not like the wording to classify option 3 into PUCCH testing. It has nothing to do with testing the quality of PUCCH transmitted by UE. PUCCH on-off power is just a method that is used to test the UE behavior in DRX and such method is re-used from RRM testing. In our view it is purely PDCCH-WUS testing.
Secondly, for option 2, if we understand correctly, firstly for the 0.1% Pm-dsg, SNR of PDCCH-WUS should be derived based on simulation. Then power boosting on normal PDCCH is further applied to mitigate the impact of normal PDCCH BLER. If our understanding is correct, then we admit that the concern in bullet 3 of our previous comments “vivo3” can also be solved by option 2. However, the first 2 bullets are still issues and cannot be solved by option 2 in our views.
Thirdly, we admit that option 3 is a new scheme in demod testing, but the method is re-used from RRM testing and we do not think there is significant impact to the complexity of TE. If some exact issues can be identified in TE complexity on option 3, then we are quite open to discuss it and solve it. 

	Huawei, HiSilicon
	Issue 1-0: Whether to define a joint test case for PDCCH-WUS
We prefer Option 3. Define the case only if the test case can obviously distinguish different UE behaviour.
Issue 1-0a: If the test case is agreed to be defined, whether the case should obviously distinguish different UE behaviour for detection of WUS-PDCCH (i.e. whether UE can achieve 10^-3 BLER for WUS-PDCCH or not)?
Yes. Otherwise there is no meaning to define the case if we cannot distinguish whether one UE can achieve the test purpose or not, i.e. all UE can pass the test case.
Issue 1-1: DRX cycle for PDCCH-WUS/PDCCH joint test
10ms.
Issue 1-2: Test metric
We are OK with either Option 2 or Option 3.
Issue 1-3: BLER of PDCCH to be tested
For Option 2 or Option 3 in Issue 1-3, the test metric for WUS-PDCCH should be 0.1%.
Issue 1-4: Test procedure
Firstly we would like to clarify the power boosting method is using in LTE eICIC and NB-IoT, no any test complexity would be caused. 
The test time depends on the test metric is 0.1% or 1% BLER and the required number of error samples, considering 10ms DRX cycle, 
· it will take 1000 seconds (about 16.7 minutes) to observe 100 errors for 0.1% BLER
· As per Intel’s comments, “then test time will be rather long (around 2.8 hrs even for DRX cycle 10 ms [100000*10*10/1e3/3600, where 100000 is minimum number of active slots for 1% BLER]);”, i.e. the test time will need 2.8 hours for 0.1% BLER with 1000 error samples
· Whether test time is a critical issue, RAN4 further discuss by considering the test metric of 0.1% or 1%, and number of error samples.
· We also want to indicate RAN4 agreed to 10^-5 BLER for URLLC performance testing.
For the specific test procedure, we prefer Option 4. But also ok to use the test metric of CSI reporting proposed in Option 5. But to increase the WUS-PDCCH robust performance and correct checking different UE behaviour, our proposal in Option 4 to configure two search space sets and randomly select one to transmit WUS-PDCCH besides the smaller payload size should be considered as well.
Issue 1-5/6/7
Need further discussion after other open issues are finalized.
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Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.

	
	Status summary 

	Issue 1-0: Whether to define a joint test case for PDCCH-WUS

	In general, 2 companies propose to not define the PDCCH-WUS test at all. 5 companies support to define the PDCCH-WUS test. 
· Option 1: To define a joint test case for PDCCH-WUS in DRX OFF and PDCCH in DRX ON. (CATT, CMCC, MediaTek)
· Option 2: No new requirements are needed. (Intel, Apple)
· Option 3: Define the case only if the test case can obviously distinguish different UE behaviour. (Huawei, vivo)
There are mainly two concerns on defining the test, one is the feasibility of the testing time, the other is whether different UE behaviour for detection of PDCCH-WUS can be obviously distinguished.
Recommended WF:
Continue to discuss in 2nd round considering these two aspects:
1. The testing time considering  Pm-dsg (1% or 1.099% or  0.1% Pm-dsg) and error samples (100 or 1000) 
2. Whether different UE behavior for detection of WUS-PDCCH need to be obviously distinguished during the test, and how to test.


	Issue 1-0a: If the test case is agreed to be defined, whether the case should obviously distinguish different UE behaviour for detection of WUS-PDCCH (i.e. whether UE can achieve 10^-3 BLER for WUS-PDCCH or not)?

	There is no consensus whether the test should obviously distinguish different UE behaviour for detection of WUS-PDCCH. 
· Option 1: Yes (Huawei, Apple)
· Option 2: No (vivo, CATT, CMCC)
· Option 3: Yes but distinguish different UE behaviour for detection of WUS-PDCCH does not necessarily means 10^-3 BLER has to be achieved.
[bookmark: _GoBack]2 companies think this is related to the test procedure. Moderator suggests discussion together with issue 1-0. No separate discussion is needed on this issue. 
Recommended WF:
Discuss  in issue 1-0

	Issue 1-1: DRX cycle for PDCCH-WUS/PDCCH joint test

	Most companies agree to reduce DRX cycle to 10ms. 1 company would like to clarify that 10ms is for test only, not a typical scenasrio.
Recommended WF:
If PDCCH-WUS/PDCCH joint test is introduced, use 10ms DRX cycle. 
Note: 10ms is used to reduce the test timefor test only, not related to practical deployment scenario.

	Issue 1-2: Test metric

	Recommended WF:
There is no consensus in 1st round discussion. Continue to discuss in 2nd round based on following 3 options
· Option 1 (Ericsson, CATT, MTK, CMCC, Qualcomm): 
BLERPDCCH-JOINT = BLERPDCCH-WUS + (1 – BLERPDCCH-WUS) * BLERPDCCH 
· 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)
· Option 2 (Huawei, R4-2010995): 
· 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. 
· 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.
· Option 3 (vivo): 
· Only focus on DCI format 2_6 BLER instead. The PUCCH on-power is used as test metric. If PDCCH-WUS indicates wakeup, UE should transmit CSI on PUCCH normally. If PDCCH-WUS indicates not wakeup or is not sent, UE does not start on-duration time and therefore UE should not transmit CSI on PUCCH. TE randomly generate the PDCCH-WUS and check whether UE uplink power is under expectation. By this way the performance of DCI format 2_6 can be verified without any impact from normal PDCCHs. 


	Issue 1-3: BLER of PDCCH to be tested

	Recommended WF:
This issue is related to the test metric and procedure. Moderator suggests using following as baselined for further discussion.  
If option 1 in issue 1-2 is adopted, 1% or 1.099% is adopted.
If option 2 or option 3 in issue 1-2 is adopted, 1% or 0.1% is adopted.


	Issue 1-4: Test procedure

	Recommended WF:
The original first 3 options are similar, some detailed parameters are different which are already captured as independent issues to be discussed. So I merge the 3 options to option1. This issue is also related to issue 1-2. Companies please continue to discuss the following option 1, 4 and 5 in 2nd round:
· Option 1 : (CMCC, MTK, Qualcomm, CATT)
· Configure UE not to wake up when missing DCI format 2_6 in DRX-OFF period 
· Transmit PDCCH-WUS in DRX-OFF period and PDCCH in DRX-ON period with the SNR reference value
· Verify that BLER of PDCCH meets the performance requirement. 
· Pm-dsg_total = PPDCCH-WUS + (1- PPDCCH-WUS) PPDCCH  = 1.099% or 1%

· Option 4 (Huawei): 
· 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%)
· Option 5 (vivo):
· “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 for indicating UE to start on-duration timer or do not sent PDCCH-WUS for indicating UE not to start on-duration timer. TE randomly select between sent or not sent.
· TE check whether UE behavior in the next DRX on-duration is under expectation or not, i.e. if UE sent periodic CSI during On-duration after TE sent PDCCH-WUS indication, or if UE do not sent periodic CSI during On-duration after TE cancel the PDCCH-WUS transmission, ACK_WUS = ACK_WUS + 1; otherwise NACK_WUS = NACK_WUS + 1.
· Pm-dsg_WUS = NACK_WUS / (ACK_WUS + NACK_WUS).

	Issue 1-5: Test parameters for PDCCH-WUS
Issue 1-6: Test parameters for PDCCH
Issue 1-7: Common test parameters

	Recommended WF:
The parameters are related to the test metric and procedure. Moderator suggests focusing on open issues 1-1~1-4 first. Further discuss when other open issues are finalized.
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