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1. Discussion
0. Clarification on RAN4 agreement in RAN4#92
RAN4 and RAN2 have reached the following consensus on MIMO layer adaption. Some companies think that there might be some contradiction between tdhe RAN2 and RAN4 agreements. 
RAN4’s agreements:
· It is RAN4 common understanding that Per-BWP maximum MIMO layer configuration is beneficial
· Dynamic adaption to the maximum number of MIMO layers shall comply with Rel-15 per-CC limit configured via RRC signalling.
· The current BWP switch delay and interruption requirements for Type 1 and Type 2 UE in 38.133 are reused for MIMO layer adaption when the maximum number of MIMO layers is adapted as a part of the BWP change. (case 1)
· Further study the switching delay and interruption requirements when only the number of maximum MIMO layer is changed in the BWPs before and after MIMO layer adaption. (case 2)
· e.g. the BWP center frequency, bandwidth and SCS… will keep unchanged during MIMO layer adaption. 
· no further relaxation of the requirement compared to BWP switching delay and interruption  for Type 1 and Type 2 UEs.
· The above bullets are for downlink MIMO layer adaption. FFS for UL.

RAN2’s agreements: 
1 Maximum number of MIMO layers can be configured at least per DL BWP including initial/default and others.  
2 If maximum number of MIMO layers is configured for a BWP, the UE uses this value and ignores the cell-specific value provided in the PDSCH-ServingCellConfig IE, when operating in the BWP.
3 If maximum number of MIMO layers is not configured for a BWP, the UE uses the cell-specific value provided in the PDSCH-ServingCellConfig IE, when operating in the BWP.

Discussion:
CATT view: Our understanding on RAN4 agreement and RAN2 agreements is that the maximum MIMO layer configured by the RRC signaling shall not be exceeded. If the DCI configured value complies to this maximum limits, then the UE can ignore the RRC configured value.
QC: Generally should be ok, but would like to check internally.
Huawei: Beside the limitation on gNB, we also need limitation on UE side. The UE needs to check whether the condition is satisfied and whether to ignore the RRC signalling.
Vivo: One case to be considered is that when the DCI configured value is larger than the RRM configured one.
Intel: Why the DCI configured value can exceeds the RRM configured one?
Huawei: Do we need to send LS to RAN2?
CATT: don’t see the need to send any LS to RAN2. How to ensure this is RAN2 scope. RAN4 just clarify the understanding to remove the confusion from the WF in the last RAN4 meeting.
Agreement:
RAN4 understanding is that the maximum number of MIMO layer configured by DCI for a BWP shall not exceed that configured by RRC signaling in the PDSCH-ServingCellConfig. 
Leave the discussion on specification limitation to RAN2.

0. BWP switching delay and interruption requirements for Case 2
Proposals from companies:
	T-doc
	Title
	company
	Delay
	interruption

	R4-1910915
	Discussion on UE dynamic adaptation to the maximum number of MIMO layers
	MediaTek inc.
	Reuse Type 1 and Type 2 requirements for case 2
Define UE capability
	1 slot interruption

	R4-1910941
	Discussion on switching and interruption requirement for MIMO layer adaption
	OPPO
	The current BWP switch delay requirements for Type 1 and Type 2 UE in 38.133 can be reused
	

	R4-1910971
	Further discussion on requirements for maximum MIMO layer adaptation
	CATT
	Improved requirements for both Type 1 and Type 2
	1 slot interruption

	R4-1911172
	Discussion on switching and interruption time for UE antenna switching
	vivo
	Using available requirements for different types with different parameter set.
	

	R4-1912128
	UE switching and interruption times for dynamic MIMO layer adaptations in UE Power Saving schemes
	Nokia, Nokia Shanghai Bell
	Improved requirements for both Type 1 and Type 2
	

	R4-1912393
	On switching time for MIMO layer adaption
	Huawei, HiSilicon
	Use only type 1 for case 2
	Align with the current specification


Definition of case 1 and case 2 from R4-1910590
Case 1: Maximum number of MIMO layers is adapted as a part of the BWP change
Case 2: Only the number of maximum MIMO layer is changed in the BWP before and after MIMO layer adaption

Issue#1: Switching delay for case 2
Discussion:
QC: Reducing 1 or 2 slot in the switching delay does not impact power saving assuming the duty cycle used for power saving evaluations are several hundred of mili-seconds from RAN1 TR38.840 chapter 8.
MTK: There is another traffic model which is using 16 mili-second duty cycle. In this case, 1 or 2 slot will have impact. Shortened delay will have benefits.
QC: The number of MIMO layer changes is in the order of a hundred of mili-seconds.
Huawei: propose to send LS to RAN1 to confirm whether there are other traffic models and the benefits.
Intel: We should not mandate the UE implementation. Prefer to reuse what we have for type 1 and type 2.
CATT: It is about whether to introduce improved requirement at first. If we define UE capability, it is not acceptable from BS side since it will increase the complexity of BS.
Nokia: We cannot accept introducing UE capability. If there is no UE signalling introduced, we could accept not to further improve the type 1 and type 2 requirements.
MTK/Huawei: thinks that the UE can do better and there might be benefits for other potential traffic models.
QC: Would like to limit the tentative agreement is for FR1 only. There is no requirements for 4X4 MIMO 4 layers in FR2.
MediaTek: we need to consider different traffic model, and would like to leave the signaling discussion to other WG.
Huawei: we don’t see the BS complexity by adding signaling.
Ericsson: Type 1 and Type 2 should be for both FR1 and FR2. And Signaling can be discussed in other WGs. If there is a UE can do better we should reflect is in the RAN4 spec.
CATT: the UE signaling is closely related to RAN4 discussion. Not sure it should be RAN1 decision. Here would like to focus on discussion from power saving perspective.
Nokia: don’t see the benefit by introducing signaling. 
MediaTek：Only support the first bullet in the agreements. The second bullet is not relevant to the scope in June WID. It is not clear why the switching delay should be related to the traffic model.
Huawei: Agree with MediaTek. If RAN4 thinks there is relation between switching delay requirements and power saving gain, we should add the topic to RAN4 scope.

Agreement (tentative)：
· No new switching delay requirements will be introduced for MIMO layer adaption except for type 1 and type 2 switching delay
· No new UE signalling will be introduced based on the current traffic model in TR 38.840 chapter 8.

Issue#2: Interruption for case 2
Discussion:


Agreement：


0. MIMO layer adaption for uplink
	Tdoc
	Title
	company
	views

	R4-1912393
	On switching time for MIMO layer adaption
	Huawei, HiSilicon
	Observation 1: No discussion is needed for uplink MIMO layer adaption delay since it is already defined in Rel-15


For non-code book based transmission, the maximum number of MIMO layers is controlled by two parameters: maxMIMO-Layers configured per serving cell and number of SRS resources per SRS resource set configured per BWP, e.g. nrofSRS-Ports.
Discussion 

Agreements:
