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1 Introduction
An objective of the UE power savings work item [1] is adaptation of the maximum number of MIMO layers as captured 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 document, we look at how the maximum number of MIMO layers can be differentiated across BWPs.
2 Discussion
The intention behind reducing the maximum number of MIMO layers, is to allow the UE to reduce the number of RX antennas in use, thereby reducing its power consumption. The downside with such a reduction is the corresponding loss in spectral efficiency. However, when used in the correct set of circumstances, these two considerations do not conflict with each other. In case of limited data scheduling, the gNB seldom schedules PDCCH or PDSCH to UE. A reduction in the number of MIMO layers has limited impact to spectral efficiency in this scenario. 
On the other hand, when there is a significant amount of data to be scheduled, the UE should be able to support a higher number of MIMO layers in order to transfer data as quickly as possible in a spectral-efficient manner. Being able to dynamically adapt the maximum MIMO layer number based on activity is the key to balancing UE power consumption and spectral efficiency.
In Rel-15, maximum number of MIMO layers is defined as a cell-specific parameter, as part of the PDSCH-ServingCellConfig IE. The excerpt below from 38.331 [2] shows how this is captured. As BWPs are used to model activity, with the UE switching from a low bandwidth BWP to a high bandwidth BWP when there is a lot of data to exchange, BWPs can be used to realise activity-based adaptation of maximum number of MIMO layers to reduce the UE’s power consumption as described above.
PDSCH-ServingCellConfig ::=             SEQUENCE {

...<irrelevant text ommitted>...

    [[
    maxMIMO-Layers                          INTEGER (1..8)                                          OPTIONAL,  -- Need M
    processingType2Enabled                  BOOLEAN                                                 OPTIONAL   -- Need M
    ]]
}
	PDSCH-ServingCellConfig field descriptions

	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). 


Excerpt 1: From 38.331 configuring maximum number of MIMO layers
The default BWP is the BWP on which the UE operates when it expects little to no activity. To improve the UE’s power savings, it would be preferable to have a low number of MIMO layers configured for the default BWP, as compared to other BWPs. Given that the initial BWP is the default BWP if not otherwise specified, a means to configure a low number of MIMO layers for the initial BWP would also be useful for UE power savings. Looking through the default/initial BWP RRC configuration, PDSCH-Config and PDSCH-ConfigCommon are potential IEs in which MIMO information could be provided. We expect that the maximum number of MIMO layers within a BWP are common across all UEs that use the BWP. For this reason, we suggest including maximum number of MIMO layers parameter in the PDSCH-ConfigCommon IE. 
Furthermore, with the PDSCH-ConfigCommon IE provided per BWP, we see no reason to restrict MIMO layer information to initial/default BWP. The MIMO parameter could be optionally provided per BWP. If the parameter is provided for a BWP, the indicated value is used when the UE operates in the corresponding BWP. If the parameter is not provided for a BWP, the Rel-15 parameter that is defined for the serving cell can be used when the UE operates in the corresponding BWP. 
Proposal 1: Maximum number of MIMO layers is defined per BWP as part of the PDSCH-ConfigCommon IE.
Proposal 2: If maximum number of MIMO layers is defined 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.
Proposal 3: If maximum number of MIMO layers is not defined for a BWP, the UE uses the cell-specific value provided in the PDSCH-ServingCellConfig IE, when operating in the BWP.
An example text proposal for the RRC specification is provided below.
3 Conclusion
In this contribution we propose:
Proposal 1: Maximum number of MIMO layers is defined per BWP as part of the PDSCH-ConfigCommon IE.
Proposal 2: If maximum number of MIMO layers is defined 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.
[bookmark: _GoBack]Proposal 3: If maximum number of MIMO layers is not defined for a BWP, the UE uses the cell-specific value provided in the PDSCH-ServingCellConfig IE, when operating in the BWP.
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5 Draft TP for the RRC specification
[bookmark: _Toc12718329]–	PDSCH-ConfigCommon
The IE PDSCH-ConfigCommon is used to configure cell specific PDSCH parameters.
PDSCH-ConfigCommon information element
-- ASN1START
-- TAG-PDSCH-CONFIGCOMMON-START

PDSCH-ConfigCommon ::=                  SEQUENCE {
    pdsch-TimeDomainAllocationList                  PDSCH-TimeDomainResourceAllocationList          OPTIONAL,   -- Need R
    maxMIMO-Layers-r16                              INTEGER (1..8)                                  OPTIONAL,   -- Need S
    ...
}

-- TAG-PDSCH-CONFIGCOMMON-STOP
-- ASN1STOP

	PDSCH-ConfigCommon field descriptions

	pdsch-TimeDomainAllocationList
List of time-domain configurations for timing of DL assignment to DL data (see table 5.1.2.1.1-1 in TS 38.214 [19]).

	maxMIMO-Layers
Indicates the maximum MIMO layer to be used for PDSCH in this BWP of this serving cell. (see TS 38.212 [17], clause 5.4.2.1). If the field is absent, the UE uses the maximum MIMO layer configured in PDSCH-ServingCellConfig of this serving cell for this BWP.



