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Discussion & Decision 
1. Introduction
Based on WID [1] for UE power saving in NR, the adaptation of the maximum number of MIMO layers is one of the aspect to be solved in this work item as shown below.
	2) 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 this contribution, we focus on the issue of introducing the per-BWP MIMO layer configuration i.e. need of BWP-based adaptation and detail solution to achieve this way.
2. Discussion

In the current specification of Rel-15 NR, the configuration of MIMO layer is per serving cell for both downlink data channel (PDSCH) and uplink data channel (PUSCH).
For PDSCH, maxMIMO-Layers in pdsch-ServingCellConfig in ServingCellConfig is configured and maxMIMO-Layers in pusch-ServingCellConfig in uplinkConfig in ServingCellConfig is configured for PUSCH.

PDSCH-ServingCellConfig ::=             SEQUENCE {

    codeBlockGroupTransmission              SetupRelease { PDSCH-CodeBlockGroupTransmission }       OPTIONAL,   -- Need M

    xOverhead                               ENUMERATED { xOh6, xOh12, xOh18 }                       OPTIONAL,   -- Need S

    nrofHARQ-ProcessesForPDSCH              ENUMERATED {n2, n4, n6, n10, n12, n16}                  OPTIONAL,   -- Need S

    pucch-Cell                              ServCellIndex                                           OPTIONAL,   -- Cond SCellAddOnly

    ...,

    [[

    maxMIMO-Layers                          INTEGER (1..8)                                          OPTIONAL,  -- Need M
    processingType2Enabled                  BOOLEAN                                                 OPTIONAL   -- Need M

    ]]

}

	maxMIMO-Layers

Indicates the maximum MIMO layer to be used for PDSCH in all BWPs of this serving cell. (see TS 38.212 [17], clause 5.4.2.1).


PUSCH-ServingCellConfig ::=             SEQUENCE {

    codeBlockGroupTransmission              SetupRelease { PUSCH-CodeBlockGroupTransmission }       OPTIONAL,   -- Need M

    rateMatching                            ENUMERATED {limitedBufferRM}                            OPTIONAL,   -- Need S

    xOverhead                               ENUMERATED {xoh6, xoh12, xoh18}                         OPTIONAL,   -- Need S

    ...,

    [[

    maxMIMO-Layers                          INTEGER (1..4)                                          OPTIONAL,   -- Need M
    processingType2Enabled                  BOOLEAN                                                 OPTIONAL    -- Need M

    ]]

}

	maxMIMO-Layers

Indicates the maximum MIMO layer to be used for PUSCH in all BWPs of this serving cell (see TS 38.212 [17], clause 5.4.2.1). If present, the network sets maxRank to the same value.


It means that the fixed number of MIMO layers is used for all BWPs in the serving cell, so gNB always configure the maximum number of MIMO to the UE considering the all cases i.e. high value of MIMO layer which NW can support. However, many cases for certain BWP e.g. initial/default BWP, high data rate is not necessary because only some BWP is used for high data transmission as a BWP switching manner. Therefore, differentiating MIMO layer configuration per BWP is easy solution to achieve the efficient resource handling of MIMO layers per BWP.
2.1
Determine the BWP what the adaptation is applied
The first thing RAN2 to determin is whether different MIMO layer configuration should be specified for both initial BWP and default BWP or for only one of them. There are no specified agreements/ definitions for initial BWP and for default BWP to be applied for this adaptation of MIMO layer configuratoin. They are only functionally described in various specification. Following is summary of the BWPs.
	
	Initial BWP
	Default BWP
	First Active BWP

	BWP id
	0
	configurable
	configurable

	Configured by
	SIB1 for initial access;
RRCReconfiguration after initial access; 

RRCReconfiguration for handover.
	RRCReconfiguration;

If absent, initial BWP is default BWP.
	RRCReconfiguration;

Should always present.

	Usage
	Random access for initial access;
Random access for HO;
Random access during connected state;
Normal data transfer as one of RRC-configured BWP.
	work with bwp-InactivityTimer
	The first active BWP after RRC reconfiguration or after SCell activation


As a configuration from the serving cell, the initial BWP and the default BWP can be same, and there is no ambiguity in this case because both BWPs can be applied the adapation of MIMO layer configuration. However, if initial BWP and default BWP are different, it should be clear which one is subject to different MIMO configuration between the initial BWP and the default BWP. 
From our understanding of the usage of BWPs, different MIMO configuration for default BWP would be more aligned with the intention because the default BWP is the fallback BWP when the high data rate communication is not performed by UE anymore.
Proposal 1: Default BWP is the only BWP the adaptation of MIMO layer configuration is applied i.e. initial BWP is not a subject of the adaptation of MIMO layer configuration.
2.2
Approaches for BWP-based MIMO layer configuration
On top of the Proposal 1, introducing the separate MIMO layer configuration which is applicable to the default (and/or initial) BWP is needed, i.e. ASN.1 signaling is required. It is clear to support BWP-based MIMO layer configuration if RAN2 accept the Proposal 1 above (or allow some BWP as a candidate of this adaptation).
There are two options to support BWP-based MIMO layer configuration in terms of ASN.1 signaling.
· Option 1: Introduce cell-specific parameters for the maximum MIMO layers in PDSCH-ServingCellConfig and PUSCH-ServingCellConfig.
· maxMIMO-Layers2: Indicates the maximum MIMO layer to be used for PDSCH in default BWP of this serving cell.

· Option 2: BWP-Specific parameters for the maximum MIMO layers e.g. maxMIMO-LayerBWP in BWP-Downlink and in BWP-Uplink and these fields are only configured for the default BWP.
· maxMIMO-LayersBWP: Indicates the maximum MIMO layer to be used for PDSCH in the BWP of this serving cell.
There is no reason to signal the MIMO layers as a BWP manner (i.e. per BWP configuration) if the adaptation of MIMO layers will be only supported for the default BWP (and/or initial BWP) because gNB just provide the appropriate number of MIMO layers as a cell-specific manner. It is true the cell-specific signalng is always simple than the BWP-specific configuration. However, if the adaptation of MIMO layers will be allowed for all BWPs i.e. gNB can configure this different MIMO layers for any BWPs, it should be signalled as a BWP-specific manner. We don’t think the needs of this flexible application i.e. adaptation of MIMO layers for any BWP, so option 1 seems enough and simple in terms of signalling structure.
Proposal 2: Introduce cell-specific parameters to configure different maximum MIMO layers for default BWP in PDSCH-ServingCellConfig and PUSCH-ServingCellConfig.
3. Conclusion
In this contribution, we provide our view on the adaptation of maximum MIMO layers.
Proposal 1: Default BWP is the only BWP the adaptation of MIMO layer configuration is applied i.e. initial BWP is not a subject of the adaptation of MIMO layer configuration.
Proposal 2: Introduce cell-specific parameters to configure different maximum MIMO layers for default BWP in PDSCH-ServingCellConfig and PUSCH-ServingCellConfig.
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