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Introduction
It is time for RAN4 to formally trigger the demodulation performance discussion on Rel-16 UE power saving.  This paper presents a summary on companies’ proposals on demodulation for power saving.
Companies are encouraged to share their views regarding the following 3 topics
· PDCCH performance due to introduction of PDCCH-WUS signal
· Demodulation performance due to cross slot scheduling
· Applicability of 4Rx demodulation performance for UE supporting max MIMO layer adaption
Topic #1: Title
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003284
	CATT
	Proposal 1: The demodulation performance for UE monitoring PDCCH-WUS signal need to be guaranteed.
Proposal 2: A joint PDCCH-WUS in DRX OFF and PDCCH in DRX ON test case can be considered and the PDCCH performance in DRX ON shall not be degraded. 
Proposal 3: Add applicability for demod requirement to state that 4Rx demod requirement is not applicable for UE with max_MIMO_layer_num =2.

	R4-2003405
	Apple
	Proposal 1: set the max_MIMO_layer_num =4 in the all related test cases applied for 4Rx-mandated bands

	R4-2003523
	CMCC
	Proposal: Define additional PDSCH demodulation test case for Rel-16 UE power saving and set the max_MIMO_layer_num =4 in the all related test cases applied for 4Rx-mandated bands.

	R4-2003708
	Huawei, HiSilicon
	Observation 1: It is no needed to define new performance requirements for PDCCH based power saving signal/channel.
Observation 2: It is no needed to define new performance requirements for cross-slot scheduling adaptation.
Observation 3: It is no needed to define new performance requirements for adaptation to maximum number of MIMO layers.
Proposal 1: Do not define any performance requirements on NR power saving.

	R4-2003740
	Huawei, HiSilicon
	Observation 1: Option 1 strictly combines the max_MIMO_layer_num = 2 with 2Rx, it is inconsistent with core specification.
Observation 2: It is not necessary to specify the max_MIMO_layer_num = 4 for demodulation performance requirements.

Proposal 1: Do not define any demodulation requirements for max MIMO layer adaptation feature for power saving. No any clarification or configuration is needed in the specification for the existing demodulation requirements.
Proposal 2: Send LS to RAN2 to add clarification about UE behavior when per-BWP max_MIMO_layer_num is configured.

	R4-2003848
	Vivo
	Proposal 1: In R16 UE power saving, DL RX chains turn-off, e.g. 4RX to 2RX, is already supported by indication of max DL MIMO layer in 38.331. RAN4 needs to check whether current 38.101-4 needs to be revised to better support such feature.
Observation 1: In current 38.101-4, there is no explicit requirement defined when a 4-RX capable UE is configured with max DL MIMO layer = 2.
Proposal 2: Clarification is needed for the demod requirement of 4-RX capable UEs when max DL MIMO layer = 2 is configured.
Proposal 3: Adopt above text proposal, i.e. add a note to clarify that 4-RX capable UEs do not need to meet the requirement for 4RX when max DL MIMO layer is set to less than 4.

	R4-2003855
	NTT DOCOMO, INC.
	Observation 1:
Cross-slot scheduling procedure specified in Rel-16 can be adopted easier than that specified in Rel-15 and would be more beneficial from UE power saving perspective.
Proposal 1:
Introduce UE demodulation requirements with cross-slot scheduling procedure considering the extension in Rel-16, at least.

	R4-2004804
	Qualcomm
	Observation 1:  Option 3 is not desirable because maximum MIMO layer adaptation is an important feature and should be allowed for UEs during the tests.
Observation 2: Option 2 only applies for all Rel-16 UEs that are running the Rel-15 test cases that are applicable for 4-Rx mandated bands. 
· Rel-15 UEs are not supposed to be configured with lower number of maximum MIMO layers in BWP to save power. 
Proposal 1: Set the value of maxMIMO-Layers IE within PDSCH-Config IE equal to four for all Rel-16 UEs that are running the Rel-15 test cases that are applicable for 4-Rx mandated bands.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1	Whether to introduce joint test for PDCCH-WUS during DRX OFF and PDCCH during DRX ON for power saving UE?
Sub-topic description:
In Rel-16 UE power saving WI, DCCH-WUS in DRX OFF state was designed to indicate whether there is follow-up PDCCH in DRX-ON period.  If WUS indicates the UE to wake up to decode the normal PDCCH during DRX ON period but the UE fails to correctly decode WUS, it will miss the normal PDCCH decoding in DRX ON period. There is a need to discuss whether PDCCH performance in DRX ON period should be ensured by a joint test for PDCCH-WUS in DRX OFF and PDCCH in DRX ON. 
Open issues and candidate options before e-meeting: 
First time to discuss
Issue 1-1: TBA
· Proposals:
· Option 1: To define a joint test case for PDCCH-WUS in DRX OFF and PDCCH in DRX ON.
· Option 2: No new requirements are needed.
· Recommended WF
· To be determined based on the discussion.

Sub-topic 1-2 Whether to introduce UE demodulation requirements with cross-slot scheduling procedure considering the extension in Rel-16?
Sub-topic description 
One bit was introduced in PDCCH to indictor minimum value of K0 or K2 for cross slot scheduling. There is a need to discuss whether to introduce new PDCCH performance for cross slot scheduling.
Open issues and candidate options before e-meeting:
First time to discuss
Issue 1-2: TBA
· Proposals:
· Option 1: Introduce UE demodulation requirements with cross-slot scheduling procedure considering the extension in Rel-16, at least.
· Option 2: No new requirements are needed for cross slot scheduling.
· Recommended WF:
· To be determined based on the discussion.

Sub-topic 1-3 Applicability of 4Rx demodulation performance for UEs with max MIMO layer adaption
Sub-topic description:
In Rel-15, for the 4Rx mandated bands, UE needs to meet the 4Rx requirements when PDSCH is scheduled. And the applicability is that if UE supports only 4Rx or both 4Rx and 2Rx, only 4Rx requirements are tested. It means that for UE capable of 4Rx, 2Rx requirements do not need to be tested.
With the introduction on max MIMO layer adaption in Rel-16 UE power saving WI, UE can turn off or deactivate the other Rx antennas if network configures UE to adjust max_MIMO_layer_num to 2. 
The applicability of 4Rx demodulation needs to be clarified for a UE supporting MIMO layer adaption.
Open issues and candidate options before e-meeting:
First time to discuss
Issue 1-2: TBA
· Proposals
The following options were presented by companies in this meeting.
· Option 1: Add applicability for demod requirement to state that 4Rx demod requirement is not applicable for UE with max_MIMO_layer_num =2; and so does the test case
· Option 2: Set the max_MIMO_layer_num =4 in the all related test cases applied for 4Rx-mandated bands
· Option 3: Do not define any demodulation requirements for max MIMO layer adaptation feature for power saving. No any clarification or configuration is needed in the specification for the existing demodulation requirements. Clarify the UE behavior in RAN2 specification for the IE configuration on max MIMO layer
· Option 4: Set the max_MIMO_layer_num =4 in the all related test cases applied for 4Rx-mandated bands, and further clarify that UE is expected to meet at least 2Rx demod requirements when max_MIMO_layer_num = 2, and no additional test case for this is added in R16.
· Recommended WF
· Adopt Option 2: Set the max_MIMO_layer_num =4 in the all related test cases applied for 4Rx-mandated bands

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

	Apple
	Sub-topic 1-3: support moderator recommended WF.

	Qualcomm
	Sub-Topic 1-1: We are ok to define the test case. Test metric should be SNR at 1% PDCCH BLER in DRX ON. If a DCI format 3_0 outside DRX ON is not detected by a UE, default behavior for UE should be “not to wake up” in DRX ON. 
Sub-Topic 1-2: As cross-slot scheduling only increases the PDCCH payload by 1 bit, we don’t need to define a new test for this case.
Sub-Topic 1-3: We are ok with option 2 in principle but we would like to add further clarification by saying “Set the value of maxMIMO-Layers IE within PDSCH-Config IE equal to four for all Rel-16 UEs that are running the Rel-15 test cases which are applicable for 4-Rx mandated bands.”

	CMCC
	Sub-Topic 1-1: Support option 1 to define a joint test case.
Sub-Topic 1-2: Support option 1
Sub-Topic 1-3: Agree with the recommended WF. Regarding Qualcomm’s  comments “set the value to four for all UEs”, does it mean all Rel-16 UE supporting the MIMO layer adaptation feature?

	MediaTek
	Sub-Topic 1-1: We support to define the test case. The miss detection mechanism for wake-up indication has been agreed as that the UE behavior can be configured by higher layer parameters and the default is “not wake up” for the case of no higher-layer configuration. For the case that higher layer does configure UE to “wake up”, UE will wake up in DRX ON even if UE misses the wake-up indication and there is no performance loss but power saving efficiency may be degraded. However, for the default case that UE does not wake up in DRX ON when it misses wake-up indication, UE may miss the DCI indicated in DRX ON and cause performance loss. Hence, the test case should be defined for the case of no higher-layer configuration.
[CATT]: Agree with the explanations on the necessity of this test.

Sub-Topic 1-2: There is an application delay between the slot where DCI indicating new minimum applicable value and the slot where the indicated minimum value is applied. UE should decode DCI including the minimum applicable value and then apply it. After the application delay, both gNB and UE use the new minimum applicable value.  In Rel-15, there is no such application delay, and we think we can discuss whether to define test case regarding PDCCH processing timeline requirement.

Sub-Topic 1-3: We agree with option 2 which sets the max_MIMO_layer_num =4 in the all related test cases applied for 4Rx-mandated bands

	CATT
	Sub-Topic 1-1: 
We support option 1. The motivation is to ensure PDCCH performance is not degraded by miss detection of DCI format 3_0 compared to the normal case in Rel-15. We are ok with the test metric and default UE behavior proposed by Qualcomm. 
Sub-Topic 1-2: 
New requirements for cross-slot scheduling might not be needed. But we are open for further discussion.
Sub-Topic 1-3: 
We don’t see much difference between option 1 and option 2. Although we proposed option 1 in our paper, we can support option 2 based on majority views.

	Vivo
	Sub-topic 1-1	Whether to introduce joint test for PDCCH-WUS during DRX OFF and PDCCH during DRX ON for power saving UE?
We are fine to option 1;
Sub-topic 1-2 Whether to introduce UE demodulation requirements with cross-slot scheduling procedure considering the extension in Rel-16?
We slightly prefer option 2. 1-bit will not significantly impact PDCCH demod performance.
Sub-topic 1-3 Applicability of 4Rx demodulation performance for UEs with max MIMO layer adaption
We prefer option 4 “Set the max_MIMO_layer_num =4 in the all related test cases applied for 4Rx-mandated bands, and further clarify that UE is expected to meet at least 2Rx demod requirements when max_MIMO_layer_num = 2, and no additional test case for this is added in R16.”
Our concerns to only adopting option 2 is follows:
1. Option 2 explicitly stated that max_MIMO_layer_num = 4 is configured in test cases for  4-Rx mandated bands. Even though it may infer that currently there is no requirement or test cases for 4-Rx mandated bands when max_MIMO_layer_num =2, in real deployment there could be different understanding on the required UE behavior when max_MIMO_layer_num = 2 is configured. One understanding is that if the 4Rx side condition fulfills, UE may still need to meet rank1/rank2 requirements of 4Rx, in case UE is not allowed to turn off any Rx chain to save power. The situation is exactly the same as R15, while UE may only turn on/off Rx chains based on its own judgement of “good condition” or not.
2. The key merit of MIMO layer adaptation in R16 is that, by setting max_MIMO_layer_num =2, network may inform UE whether it is in “good condition” or whether it is proper for UE to turn off Rx chain. If network made such judgement, then UE is allowed to turn off some Rx chain to save power. The number of Rx chains is not explicitly defined anywhere in RAN1/RAN2 spec. In our view, the impact of this turn-on/off behavior is the UE demod performance. Therefore, we propose to add one more phrase in the note to explicitly clarify in the spec that UE is allowed to turn-off Rx chains when max_MIMO_layer_num =2 is configured.
Regarding to test cases, since the case of max_MIMO_layer_num =2 is already covered by 2Rx test cases, we propose not to define new requirements or test cases in R16.

	Huawei
	Issue 1-1: We prefer Option 2. For Option 1, the test purpose is to verify whether the WUS (actually a new DCI format 2_6) can be decoded correctly and the PDCCH in DRX on duration within consideration is just for convenience of testing by using the corresponding HARQ-ACK of the scheduled PDSCH. From the perspective of demodulation, there is no any change of demodulation algorithm to decode DCI format 2_6 compared to decode other DCI formats. Therefore, Rel-15 PDCCH demodulation test is sufficient and no need to define new requirements just for new DCI format 2_6.
Issue 1-2: We prefer Option 2. Same views as Issue 1-1. 
Issue 1-3: We prefer Option 3.
The existing Rel-15 performance requirements should not be impacted by any features introduced in the following releases, UE should firstly meet those NR Rel-15 performance requirements before it additionally meets any following release features.
Maybe it is a common understanding that UE can switch from four antenna ports to two antenna ports for power saving when the max_MIMO_layer_num configuration is changed from 4 to 2, but it is not a mandatory UE behavior, it is just applicable in certain condition based on UE implementation.
Option 1 strictly combines max_MIMO_layer_num = 2 with 2Rx, that means that if max_MIMO_layer_num = 2, UE only needs to pass 2Rx related demodulation requirements, 4Rx demodulation requirements are not applicable, this is inconsistent with the core specification. For a 4Rx mandated band, even UE turn off two antenna ports in certain condition with max_MIMO_layer_num = 2 configuration, we cannot conclude that UE does not need to test 4Rx related performance requirements.
Option 2, for a 4Rx mandated band, whether or not to set max_MIMO_layer_num =  4, those 4Rx related performance requirements should be applied. In LTE and NR Rel-15, the max MIMO layer configuration per cell is not explicitly configured at all for 4Rx related performance requirements, it does not affect the real testing, it is because the existing 4Rx related demodulation requirements is applied with 4Rx active by default during the testing for a test mode UE. We should know that antenna configuration and Rank for each demodulation test cases are fixed, it is not needed to specify any configuration for MIMO layer configuration additionally. If the existing test cases will have different behavior by setting max_MIMO_layer_num =  4, then RAN4 can consider it, but now we do not observe any meaning to set it. RAN4 spent much time to discuss every necessary test parameters for each features, we are wondering what is the purpose to set this parameters and what is the impact to the test cases?
Option 3, as we stated above for Option 2, we think that it is not necessary to set max_MIMO_layer_num =  4 for the existing test cases.
If company think that it is necessary to give some clarifications on UE behavior when per BWP max_MIMO_layer_num is configured, we think that the most suitable place is to clarify it in RAN2 specification for this IE configuration, such as max_MIMO_layer_num = 4 that UE should use 4Rx antenna ports, max_MIMO_layer_num = 2 that UE can turn off two antenna ports among supported four antenna ports for power saving etc.

	NTT DOCOMO, INC.
	Issue 1-1:
Option 1 is fine for us.
Issue 1-2:
We still prefer option 1. As other companies stated, the performance of PDCCH decoding may not be different, but we would like to see whole performance of cross slot scheduling including PDCCH/PDSCH reception, application delay as mentioned by MTK, and so on. Therefore, one PDSCH test considering k0>0 would be enough.
Issue 1-3:
Recommended WF is fine for us.

	Ericsson
	Issue 1-2 (cross-slot scheduling):
Option 2. In principle, the DCI format changes do not impact to PDCCH demodulation and decoding algorithm. For the cross-slot scheduling, 1 bit is added. We don’t expect significant performance difference. 
Issue 1-3(Applicability of 4Rx demodulation performance for UEs with max MIMO layer adaption):
UE capable of 4 received antennas should pass all the UE demodulation requirements targeting 4RX UE specified in TS38.101-4. We are ok with Option 2 in principle, but it should be 'Set maxMIMO-Layer=4 if present'. We need ‘if present’ because maxMIMO-Layer is the optional signal, the network may not signal it.

	Intel
	Issue 1-1 and 1-2: Prefer Option 2
There is no any impact on PDCCH demodulation processing.
Issue 1-3:
Based on our understanding, all existing demodulation requirements are not applicable to power saving mode. In 38.331 the following clarification is defined for maxMIMO-Layers-r16 field:
· Indicates the maximum MIMO layer configuration for a DL BWP. If present, this value overrides the maxMIMO-Layers configuration in IE PDSCH-ServingCellConfig when the UE operates in this BWP. If absent, the UE uses the maxMIMO-Layers configuration in IE PDSCH-ServingCellConfig when the UE operates in this BWP. The value of maxMIMO-Layers for a DL BWP shall be smaller than or equal to the value of maxMIMO-Layers configured in IE PDSCH-ServingCellConfig (if present).
Based on this clarification, if maxMIMO-Layers-r16 per BWP field will not be configured then existing per cell maxMIMO-Layers configuration will be used during the test and no issue will be observed.
As for specification of UE behaviour, we think that it is up to UE implementation and should not be defined in any specification.
Our proposal is Option 3 without UE behavior clarification:
Do not define any demodulation requirements for max MIMO layer adaptation feature for power saving. No clarification or configuration is needed in the specification for the existing demodulation requirements.


 
CRs/TPs comments collection
Major close-to-finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



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 

	Sub-topic#1
	Tentative agreements:
We have discussed the 3 Sub Topics in the first round. However, none of them has reached consensus. Here I would like to summarize the situation for each topic.
Sub Topic 1-1: Whether to introduce joint test for PDCCH-WUS during DRX OFF and PDCCH during DRX ON for power saving UE?
The intention of introducing such test case is to avoid the PDCCH performance loss due to PDCCH-WUS miss detection since the detection on wake-up indication will impact the follow-up PDCCH decoding in DRX ON. The miss detection mechanism for wake-up indication has been agreed as that the UE behavior can be configured by higher layer parameters and the default is “not wake up” for the case of no higher-layer configuration. If the higher layer parameter is configured, UE will wake up in DRX ON even if UE misses the wake-up indication. However, the network configuration is not mandated and if UE does not wake up in DRX ON when it misses wake-up indication, UE may miss the DCI indicated in DRX ON and cause performance loss. 
Companies have well showed their views. 2 options are still on table, and the preference from the companies are summarized as below
· 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
Our recommendation would be Option 1 since more companies supporting this option.
----------------------------------------------------------------------------------------------------------------------------
Sub Topic 1-2: Whether to introduce UE demodulation requirements with cross-slot scheduling procedure considering the extension in Rel-16?
One bit was introduced in PDCCH to indictor minimum value of K0 or K2 for cross slot scheduling. It was proposed to introduce a new test case for PDCCH performance with cross slot scheduling. The preference from companies are summarized below,
· Option 1: Introduce UE demodulation requirements with cross-slot scheduling procedure considering the extension in Rel-16, at least. 
· NTT DoCoMo, CMCC
· MediaTek and CATT are open for further discussion on the necessity.
· Option 2: No new requirements are needed for cross slot scheduling.
· Qualcomm, vivo, Huawei, Intel, Ericsson
Our recommendation would be check the necessity in the second round and whether we can limit the test to one PDSCH test considering k0>0? 
----------------------------------------------------------------------------------------------------------------------------
Sub Topic 1-3: Applicability of 4Rx demodulation performance for UEs with max MIMO layer adaption.
We have 4 options on table in the first round. The opinions from companies are summarized as below,
· Option 1: Add applicability for demod requirement to state that 4Rx demod requirement is not applicable for UE with max_MIMO_layer_num =2; and so does the test case 
· This option can be excluded.
· Option 2: Set the max_MIMO_layer_num =4 in the all related test cases applied for 4Rx-mandated bands
· Apple, CATT, Qualcomm, CMCC, MediaTek, NTT DoCoMo and Ericsson (Maybe additional clarifications need to be added.)
· Option 3: Do not define any demodulation requirements for max MIMO layer adaptation feature for power saving. No any clarification or configuration is needed in the specification for the existing demodulation requirements. Clarify the UE behavior in RAN2 specification for the IE configuration on max MIMO layer
· Huawei, Intel
· Option 4: Set the max_MIMO_layer_num =4 in the all related test cases applied for 4Rx-mandated bands, and further clarify that UE is expected to meet at least 2Rx demod requirements when max_MIMO_layer_num = 2, and no additional test case for this is added in R16.
· vivo
---------------------------------------------------------------------------------------------------------------------------
Candidate options:
Recommendations for 2nd round:
Further discuss and see whether we can reach consensus based on majority view.
Sub Topic 1-1:
Whether we can proceed with option 1 based on majority view. If not, how to ensure the PDCCH performance in DRX-ON if miss detection for wake-up indication happens in DRX OFF.
Sub Topic 1-2:
Further discuss whether we need to consider new test case for cross-slot scheduling and whether it can be done with only one PDSCH test considering k0>0 as further proposed.by DoCoMo.
Sub Topic 1-3:
It is proposed to check the following,
· Whether firstly we can agree on setting max_MIMO_layer_num =4 in the all related test cases applied for 4Rx-mandated bands. 
· Whether UE behaviour needs to be clarified in RAN2?
· Whether to further clarify in RAN4 that UE is expected to meet at least 2Rx demod requirements when max_MIMO_layer_num = 2 (no additional test case for this is added in R16). 


	
	



Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	
	



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Further discuss and see whether we can reach consensus based on majority view.
Sub Topic 1-1:
Whether we can proceed with option 1 based on majority view. If not, how to ensure the PDCCH performance in DRX-ON if miss detection for wake-up indication happens in DRX OFF.
[Moderator]: Option 1 will be used if no comments received.
[Intel]: Based our understanding, from testing point of view we will have consecutive transmission of PDCCH-WUS and PDCCH and UE should decode both. From demodulation point of view, we don’t see any difference in comparison to normal PDCCH test. The only difference will be just BLER metric calculation procedure. Therefore, we suggest don’t define requirements for such scenario.
[CATT]: how to set the requirement due to PDCCH BLER calculation? If there is no test case, how to ensure that the miss detection for WUS within a reasonable range?
[Huawei] We still prefer Option 2. No new requirements are needed. From the perspective of demodulation, there is no any change of demodulation algorithm to decode DCI format 2_6 compared to decode other DCI formats. The performance of both PDCCH outside DRX ON (DCI format 2_6) and PDCCH in DRX ON can be verified from Rel-15 PDCCH test case since there is only payload size difference. Therefore, Rel-15 PDCCH demodulation test is sufficient and no need to define new requirements just for new DCI format 2_6.
[CATT] comment to Huawei comment: the current PDCCH test case cannot be used for PDCCH-WUS test because there is no feedback corresponding to PDCCH-WUS demodulation. It is different from PDCCH in DRX-ON. This is the reason why we propose a joint test case so that the miss detection performance for PDCCH-WUS can be verified indirectly by checking the PDCCH performance in DRX ON. 
[Qualcomm] Prefer to define the test for the scenario when default behavior for UE is not to wake up. 
[CMCC]: Support option1 to define the test case. 
[MediaTek] We share the same view as CATT and QC to define the test case for the scenario that UE do not wake up when missing DCI format 2_6.
[Huawei] To CATT: There is also no feedback for normal PDCCH in DRX-ON. In a specific test procedure, PDCCH BLER is calculated by the ACK/NACK number of the scheduled PDSCH, it is clearly stated in the test procedure defined in RAN5 test specification, it is test statistic issue and not related to any new demodulation algorithms to decode a new DCI format 2_6 compared to decode other DCI formats. We don’t see any necessity to define a joint test case.
[CATT]: To Huawei, how to ensure the impact of miss detection for PDCCH-WUS on follow-up PDCCH when default behavior for UE is not to wake up? 
Yes normal PDCCH cannot be tested by collecting ACK/NACK on the scheduled PDSCH. But there is no such scheme for PDCCH-WUS. So it’s performance needs to be verified by observing the PDCCH performance in DRX ON.
[Huawei]: To CATT, the “miss detection of PDCCH-WUS” is caused by error PDCCH-WUS (actually the PDCCH-WUS is same as normal PDCCH, just a new name) detection that is the same UE behavior to detect normal PDCCH, the current PDCCH performance requirements of 1% Pm-dsg is general PDCCH performance requirements, section 5.3 of TS 38.101-4:
[image: ]
What is the difference between PDCCH-WUS and normal PDCCH from CATT point of view?Comments on WF: We cannot agree the Recommend WF.
Sub Topic 1-2:
Further discuss whether we need to consider new test case for cross-slot scheduling and whether it can be done with only one PDSCH test considering k0>0 as further proposed.by DoCoMo.
[Ericsson] We don’t think RAN4 need to define new PDCCH decoding requirements due to the increasing of one bit in DCI, because UE demodulation algorithm is same. 
For PDSCH demodulation requirements with k0>0 with the new bit in DCI, it is only a procedure and RAN4 has set PDSCH demodulation requirements with the most stringent case k0=0. Therefore we don’t see any motivation to define the requirements. 
[Moderator]: Is the proponent OK not to introduce this test case?
[Intel] Share the same view as Ericsson.
[Huawei] Same view as Sub Topic 1-1, no need to define new performance requirements for PDCCH with new payload size.
[Qualcomm] Same view as Ericsson.
[CMCC] If majority companies think the PDCCH decoding performance is not impacted by the one bit. We can compromise to not define new requirements. 
[MediaTek] We agree that there is no performance requirement for PDCCH decoding. As we mentioned in the 1st round comments, application delay is introduced in R-16 and there might be some requirements for timing, and we think it could be discussed in the RRM session. 

Sub Topic 1-3:
It is proposed to check the following,
· Whether it is necessary to set max_MIMO_layer_num =4 in the all related test cases applied for 4Rx-mandated bands.
[Ericsson] As Intel commented, TS38.331 mentions ‘maxMIMO-Layers-r16’ overrides the maxMIMO-Layers configuration in IE PDSCH-ServingCellConfig, if present If absent, the UE uses the maxMIMO-Layers configuration in IE PDSCH-ServingCellConfig. With specification, we don’t think we need such a setting in principle. This is the reason we proposed to add ‘if present’. 
[Apple]: Either configure "maxMIMO-Layers-r16=4" or clarify “maxMIMO-Layer-r16 is not configured for DL BWP” is fine to us. If companies agree to not configure maxMIMO-Layer-r16 in BWP, we propose to add a note somewhere in R16 test case table to state that “maxMIMO-Layer-r16 is not configured in IE PDSCH-Config for the active BWP” to avoid the potential ambiguity.
[CATT]: We support to clarify set max_MIMO_layer_num =4 and adding “if present” as proposed by Ericsson. 
[Intel]: We think that existing requirements are not applicable to power saving mode. Therefore, we suggest just not to configure maxMIMO-Layer-r16 in the test. We support Apple proposal to add clarification note for Rel-16 requirements.
[Huawei] In our view, there is no need to set maxMIMO-Layer-r16 for all the related test cases applied for 4Rx mandated bands. 
In our view all the related test cases applied for 4Rx mandated bands means all the existing 4Rx demodulation requirements, since the demodulation performance requirements are specified in a band agnostic way. We assume max_MIMO_layer_num in the topic description is the per BWP maximum MIMO layer number, which is different from per cell maximum MIMO layer number in IE PDSCH-ServingCellConifg.
Firstly, it would be strange to add the per BWP max_MIMO_layer_num for all the 4Rx demodulation performance requirements, since it may imply that Rel-16 network needs always support “power saving” by configuring max_MIMO_layer_num in order to enable 4Rx reception. If the power saving is an optional feature, network may or may not support it.
Secondly, the current 4Rx demodulation performance requirements are specified with the clear condition, including propagation condition like 1x4 or 2x4, the clear statement of rank configuration, and assumption of 4Rx receiver. If UE falls back to 2Rx, UE fails to pass the test. If we check RAN5 specification, we can find that there is no configuration of per cell max_MIMO_layer_num. In our view, without max_MIMO_layer_num, 4Rx UE should enable 4Rx reception, which has already been specified in RAN4/RAN5 specifications since Rel-15. 
[vivo] We agree with most companies that current RAN4 spec is not clear enough. We also appreciate Huawei and Intel to provide a reasonable understanding to the current spec. The important issue in our view, is how to handle this ‘max_MIMO_layer_num = 2’ introduced in UE power saving WI. We are also want to clarify that we, maybe also companies supporting option 2 or 4, do not really want to introduce new requirements for this ‘max_MIMO_layer_num = 2’, but only want to see clarifications to the spec. We see many optional features have requirements and test cases in RAN4. We wonder why power saving is not worth for a simple clarification to prevent mis-understanding.
We see a more reasonable way is to add one note in RAN4 spec in R16 to clarify that ‘For 4Rx-madated bands, 4Rx requirements are met when ‘max_MIMO_layer_num=4’ is configured or ‘max_MIMO_layer_num’ is not configured.’ We are also fine to make such note apply only to the PDSCH performance requirements and ‘max_MIMO_layer_num’ refers to the per-BWP configured maxMIMO-Layer-r16. 
[CMCC] OK with adding “if present” as Ericsson suggested to make the clarification. 

[MediaTek] We understand that whether to configure RRC parameter "maxMIMO-Layers-r16" or not is up to the decision of network. If the network supports MIMO layer adaptation and does configure "maxMIMO-Layers-r16", the parameter overrides the maxMIMO-Layers configuration in IE PDSCH-ServingCellConfig. There are two possible values of "maxMIMO-Layers-r16", which are 2 and 4, and it is a common understanding that whether to turn off Rx chains when "maxMIMO-Layers-r16=2" is up to UE implementation. 
As comments from QC, current 4Rx demodulation performance requirements are specified with the clear condition, including propagation condition like 1x4 or 2x4. It implies that Rx should not turn off Rx chains even if network configure "maxMIMO-Layers-r16=2". Hence, we think the current 4Rx demodulation performance requirements are suitable for two cases, one case is that network does not configure "maxMIMO-Layers-r16" and another case is that network does configure "maxMIMO-Layers-r16" and the value is 4. To preclude the case "maxMIMO-Layers-r16=2" for the test case of 4Rx demodulation performance requirements, we prefer to set "maxMIMO-Layers-r16=4" and add clarification note "if present" for R-16.
[Huawei]: We assume all demodulation experts involving this discussion should be very clear that all demodulation performance requirements are defined and will be tested based on certain clear and fixed conditions, like 
Propagation conditions of 1x2 and 1x4, MIMO layer, these test setups cannot be changed during the test, we do not know how to reflect the ‘if present’ during the testing? Present or absent is based on network configuration in the real network, not in the test house, it is not necessary to set maxMIMO-Layers-r16=4 in RAN4 demodulation performance requirements. As a compromise, we think that RAN4 can capture the proposal from Apple in the WF. Wording from our side: For UE supporting power saving features, during the testing for demodulation performance requirements, maxMIMO-Layer-r16 is not configured in IE PDSCH-Config for the active BWP.

· Whether UE behaviour needs to be clarified in RAN2?
[Ericsson] No. It is clear from TS38.331. 
[Intel]: No. UE behaviour is up to implementation and should not be clarified in any specification.
[Huawei] Yes. 
That is our preference. The UE behaviour, which should be clarified, is that 4Rx capable UE (which should pass all the existing 4Rx demodulation requirements on 4Rx mandatory bands or the bands which it announce to support 4Rx) is allowed to fall back to 2Rx for reception, if the per BWP max_MIMO_layer_num = 2. Such UE behaviour should be clarified where the per BWP max_MIMO_layer_num signalling is specified. Thus it is quite clear about the UE behaviour. We are told that such behaviour is the common understanding in 3GPP but people are reluctant to capture it in the specifications. 
We propose to send LS to RAN2 to let them capture it in RAN2 specification.
[vivo] We still think clarification in RAN4 spec would be better option. Clarify in RAN2 spec may still need reference to RAN4 spec. Turning off Rx chain may only impact RAN4 demod requirement and testing. Clarify in RAN2 spec may still need some reference link to RAN4 spec and make spec not easy to be understood.
[CMCC] No
[MediaTek] We share the same view as vivo that it would be better to be clarified in RAN4 spec.
[Huawei] We think that RAN2 specification is the best place to clarification, but all companies think that we can clarify it in RAN4 or in the WF to capture RAN4’s common understanding, it is fine for us.[Huawei]: Comments on WF: could moderator to capture the latest discussion progress in slide#5 and slide#6? To move forward, several companies shared their compromise.

· Whether to further clarify in RAN4 that UE is expected to meet at least 2Rx demod requirements when max_MIMO_layer_num = 2 (no additional test case for this is added in R16). 
[Ericsson] We are not sure RAN4 demodulation requirements need to consider the scenario ‘max_MIMO_layer_num=2’. We think UE capable of 4 receive antenna only needs to pass UE demodulation requirements applicable for 4Rx UEs.
[CATT]: Share the same view that UE capable of 4 receiver antenna only needs to pass UE demodulation requirements applicable for 4Rx UEs.[Huawei]: We have the same understanding as Ericsson and CATT on 4Rx capable UE should and only needs to pass 4Rx requirement. 
But we also feel sympathy to companies who may feel the specification is ambiguous. The feature of per BWP max_MIMO_layer_num for power saving seems unique, which overturns the fundamental assumption that 4Rx capable UE should support 4Rx. Upon receiving a certain signalling, 4Rx UE may be allowed to fall back to 2Rx.
We are not in favour of clarifying in RAN4 that 4Rx UE is expected to meet at least 2Rx demodulation requirements when max_MIMO_layer_num =2 in a general way. It may impact all the existing requirements, but in fact there is no requirement corresponding to such clarification. 
In order to address the issue, given that most companies are not in favour to make clarification in RAN2 specification, we would like to propose a specific test to verify the UE behaviour and performance. Like for all the feature, we can introduce a demodulation performance requirement(s) for a feature. Here we propose to have a specific demodulation performance requirements with the test setup as for test 2-1 in Table 5.2.3.1.1-4 (PDSCH rank-2 64QAM 0.5 under 2x4 ULA low TDLA30-10) and using the requirement for test 2-1 in Table 5.2.2.1.1-4 (PDSCH rank-2 64QAM 0.5 under 2x2 ULA low TDLA30-10). The test purpose is to ensure that the performance loss of UE is acceptable under fallback mode. During the test, 2x4 antenna connection is used, and UE can automatically decide 2 receiver out of 4Rx to be used for reception. 
[Qualcomm] We share the same view as Apple. We think that adding the note is a good compromise. We don’t think there is a need to ask RAN2 to clarify the UE behaviour since it is left up to UE implementation whether UE chooses to fall back to 2Rx or maintain 4Rx in case of per BWP max_MIMO_layer_num = 2.
[vivo] Based on companies’ view, we see RAN4 common understanding is that ‘max_MIMO_layer_num = 2’ is not considered in current spec, and UE behaviour is up to implementation. If so, it would be better to capture such understanding in a WF, then we are fine to withdraw previous concern.
For additional test cases, we still think it is unnecessary, since UE behaviour is quite simple and can be covered by 2Rx test cases.
[CMCC] As we mentioned that in our discussion paper, 4Rx capable UE only need to pass 4Rx demodulation requirements. Following this rule, no further clarification is needed. 
Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
The conclusion of the 2nd round discussion is summarized in R4-2005525.
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	R4-2005525
	Agreeable



Topic #2: Title
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-20xxxxx
	Company A
	Proposal 1:
Observation 1:



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-1: TBA
· Proposals
· Option 1: TBA
· Option 2: TBA
· Recommended WF
· TBA

Sub-topic 2-2
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 2-2: TBA
· Proposals
· Option 1: TBA
· Option 2: TBA
· Recommended WF
· TBA

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

	XXX
	Sub topic 2-1: 
Sub topic 2-2:
….
Others:


 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



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 

	Sub-topic#1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	
	





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”
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=5.3 PDCCH demodulation requirements.

The receiver characteristics of the PDCCH are determined by the probability of miss-detection of the Downlink
Scheduling Grant (Pm-dsg).-




