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Introduction
In RAN Plenary meeting #84, the following scope was agreed for Rel-16 UE power saving WI [1]:

	1) Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
i) Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 
b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]

NOTE: Switching on/off the RF is part of the evaluation



In RAN1 #98 meeting, it was agreed that BWP-specific maximum number of MIMO layers is supported. One issue regarding this is how UE can interpret BWP-specific and Cell-specific BWP MIMO layer when both are configured. Agreements 
· Support per-DL-BWP configuration of maximum number of DL MIMO layers
Signalling details up to RAN2


In RAN2 #107 meeting, the following agreements that resolve the ambiguity were made. If BWP-specific maximum number of MIMO layers is configured for a BWP, the UE uses this value when operating in the BWP.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.


[bookmark: _Ref20411145][bookmark: _Ref21109554]Observation 1: According to the agreements in RAN2 #107 meeting, if BWP-specific maximum number of MIMO layers is configured for a BWP, UE will use this value when operating in the BWP.

In this contribution, we discuss the remaining details on the adaptation of maximum number of MIMO layers.
Adaptation to the Maximum Number of MIMO Layers
According to the latest WI scope, adaptation to the maximum number of MIMO layers is realized via BWP switch. About 15% and 17% of power saving gain can be observed with BWP-based MIMO layer adaptation scheme in [3] according to TR 38.840 [4] in FR1 and FR2, respectively. However, BWP switch introduces switch delay, and can result in data interruption and affect the scheduling flexibility. As subcarrier spacing increases, such delay becomes longer and the impact becomes more severe. For example, as shown in Table 1, the 18-slot delay with SCS 120 kHz is intolerably long.

[bookmark: _Ref16540952][bookmark: _Ref16776587]Table 1: BWP switch delay (Subclause 8.6.2 of TS 38.133 [5])
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



[bookmark: _Ref21109562]Observation 2: Maximum number of MIMO layers adaptation via BWP switch introduces data interruption, and the impact is more severe in higher SCS. How to avoid or alleviate the impact should be studied.

In the following, we discuss how to avoid or alleviate the impact of data interruption due to BWP switch for maximum number of MIMO layers adaptation.

Maximum number of MIMO layer adaptation outside Active Time
To avoid the data interruption introduced by BWP-based MIMO layer adaptation, the adaptation triggering can be indicated by power saving signal/channel outside Active Time. Upon the reception of the power saving signal/channel, UE can start switching to the target BWP and the switching can be finished before DRX OnDuration.

[bookmark: _Ref21110672]Observation 3: When maximum number of MIMO layer adaptation can be triggered by power saving signal/channel outside Active Time, the data interruption due to BWP switch can be avoided.

[bookmark: _Ref20411169][bookmark: _Ref21109570]Proposal 1: Support BWP switch at least for maximum number of MIMO layer adaptation by power saving signal/channel outside Active Time.
· FFS: adaptations of other parameters, e.g., K0/K2 in cross-slot scheduling and PDCCH monitoring periodicity

Maximum number of MIMO layer adaptation inside Active Time
Inside Active Time, MIMO layer adaptation via BWP switch is triggered by the scheduling DCI. It can lead to data interruption during the switch time. In RAN4 discussion, BWP-based MIMO layer adaptation involves the following two cases: 
· Case 1: switching the maximum number of MIMO layers with the change of the BWP center frequency, bandwidth, SCS, etc.
· Case 2: switching only the maximum number of MIMO layers 

In RAN4 #92 meeting, it was agreed that Table 1 is reused for the switch delay of MIMO layer adaptation in Case 1. While the requirement for Case 2 is still under discussion. Our companion contribution [8] analyses the required switch delay for BWP switch in Case 2 and suggests it can be much shorter than those in Case 1 for Type-2 UE. Therefore, the impact of the switch delay due to MIMO layer adaptation within Active Time can be alleviated.

[bookmark: _Ref16604826]Proposal 2: RAN4 can specify shorter BWP switch delay, e.g., type-1 BWP switch delay, for MIMO layer adaptation if only the maximum number of MIMO layers is adapted.

Regarding different UE capabilities, we also suggest to have two BWP switch delay requirements for MIMO layer adaptation in Case 2. When a UE can support Type 2 BWP switch delay and Type 1 MIMO adaptation switch delay, a new capability signalling for MIMO adaptation is needed.

[bookmark: _Ref20925870]Proposal 3: A new UE capability signalling should be introduced for Rel-16 dynamic adaptation for maximum number of MIMO layers.
Conclusions
In this contribution, we discuss the remaining details on adaptation of maximum number of MIMO layer. Based on the discussions, we conclude the following observations and proposals:

Observation 1: According to the agreements in RAN2 #107 meeting, if BWP-specific maximum number of MIMO layers is configured for a BWP, UE will use this value when operating in the BWP.

Observation 2: Maximum number of MIMO layers adaptation via BWP switch introduces data interruption, and the impact is more severe in higher SCS. How to avoid or alleviate the impact should be studied.

Observation 3: When maximum number of MIMO layer adaptation can be triggered by power saving signal/channel outside Active Time, the data interruption due to BWP switch can be avoided.

Proposal 1: Support BWP switch at least for maximum number of MIMO layer adaptation by power saving signal/channel outside Active Time.
· FFS: adaptations of other parameters, e.g., K0/K2 in cross-slot scheduling and PDCCH monitoring periodicity

Proposal 2: RAN4 can specify shorter BWP switch delay, e.g., type-1 BWP switch delay, for MIMO layer adaptation if only the maximum number of MIMO layers is adapted.

Proposal 3: A new UE capability signalling should be introduced for Rel-16 dynamic adaptation for maximum number of MIMO layers.
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