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1 Introduction
In RAN#84 meeting, the WID for power saving is updated based on the results of RAN2 study, and the following is the objective for the WI [1].

	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 paper, we discuss the MIMO layer adaptation including the following two aspects:

· The RAN2 impacts on different MIMO layer configuration for initial/default BWP compared with other BWPs of a Serving Cell;
· The RAN2 impacts on per-BWP MIMO layer configuration from RAN2 perspective.
2 Discussion
2.1 Different MIMO layer configuration for initial/default BWP
In Release 15, the MIMO layers for UL and DL are configured per serving cell. The field maxMIMO-Layers indicates the maximum MIMO layers to be used for PUSCH/PDSCH in all BWPs of this serving cell.
PDSCH-ServingCellConfig information element

-- ASN1START

-- TAG-PDSCH-SERVINGCELLCONFIG-START

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

    ]]

}

PUSCH-ServingCellConfig information element

-- ASN1START

-- TAG-PUSCH-SERVINGCELLCONFIG-START

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

    ]]

}

According to the scope of WID, it is agreed to specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a serving cell. However, it cannot be supported by legacy RRC signalling which is signalled per serving cell. Thus, from RAN2 perspective, the signalling enhancement is needed to indicate the maximum MIMO layers configured for initial/default BWP and other BWPs separately. 

For example, a new RRC IE can be introduced to indicate the maximum MIMO layers configured for initial/default BWP. For the maximum MIMO layer in other BWPs, it can follow the configuration in per-cell field PDSCH-ServingCellConfig or PUSCH-ServingCellConfig. For the maximum MIMO layer configuration dedicated to the initial/default BWP, it shall be lower or equal to the number of max MIMO layer configuration in per-cell field PDSCH-ServingCellConfig or PUSCH-ServingCellConfig. In the case that only per-cell maximum MIMO layer is configured, it means all the BWPs are configured with the same maximum MIMO layers as the legacy operation.
Proposal 1: To support different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell, the signalling enhancement is needed, e.g. a new RRC IE can be introduced to indicate the maximum MIMO layers configured for initial/default BWP.

2.2 Per-BWP MIMO layer configuration
In the power model discussion in RAN1, it was agreed that in FR1 the power consumption of 2 RX antennas is only 0.7 of the power consumption of 4 Rx antennas. Power saving gains are introduced if the number of RF chains used by the UE can be adapted. Configuration of maximum number of MIMO layers for initial BWP/default BWP can already support the BWP switching based maximum MIMO layer adaptation for power saving. Additional power saving benefit is expected if the non-default/non-initial BWPs can be also configured with a per-BWP maximum number of MIMO layers. Since the BWP switching mechanism and MIMO layer configuration are mainly discussed in RAN1, whether to extend per-BWP MIMO layer configuration is up to RAN1 decision.

From RAN2 perspective, to support per-BWP MIMO layer configuration, per-BWP signalling to indicate maximum MIMO layer for each configured BWP needs to be introduced. For example, if the network intends to configure per-BWP MIMO layer configuration, it indicates maximum MIMO for a certain BWP. If the per-BWP MIMO layer configuration is absent, the per-cell MIMO layer configuration can be used.
Proposal 2: From RAN2 perspective, to support per-BWP MIMO layer configuration, per-BWP signalling to indicate maximum MIMO layer for each configured BWP needs to be introduced. Whether to extend per-BWP MIMO layer configuration is up to RAN1 decision.
3 Conclusion

In this paper, we discuss MIMO layer adaptation and propose:
Proposal 1: To support different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell, the signalling enhancement is needed, e.g. a new RRC IE can be introduced to indicate the maximum MIMO layers configured for initial/default BWP.

Proposal 2: From RAN2 perspective, to support per-BWP MIMO layer configuration, per-BWP signalling to indicate maximum MIMO layer for each configured BWP needs to be introduced. Whether to extend per-BWP MIMO layer configuration is up to RAN1 decision.
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