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1. [bookmark: _Ref525302579]Introduction
In RAN#84, the UE power saving WID [2] was revised to include objectives which were studied by RAN2 during 2nd quarter 2019.  The new objective includes the power saving technique with UE adaptation to maximum MIMO layer as follows,

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]

In RAN1#98, it was agreed to support maximum MIMO layer per BWP as follows,


Agreements:
· Support per-DL-BWP configuration of maximum number of DL MIMO layers 
· Signalling details up to RAN2



 The maximum MIMO layer per BWP for non-codebook UL MIMO was discussed.  There is no consensus whether maximum MIMO layer is supported for UL MIMO in the WID.  This contribution discussed the network configuration in supporting the UE adaptation to the maximum MIMO layer for non-codebook based UL MIMO.   
1. 
Discussion

The power saving schemes with UE adaptation to the number of MIMO layers are to allow UE to suspend some RF chains.  When the MIMO channels have low rank with receiver observed mutually dependent among antenna chain, UE still has to turn on the RF and baseband processing of all antenna.  The mutual information from the MIMO channel is very low.   It was agreed in RAN1#98 that the per-DL-BWP configuration of maximum number of DL MIMO layer.  

For UL MIMO, the maximum number of the MIMO layer (maxMIMO-Layers) is indicated in the PUSCH-ServingCellConfig IE in [3].  If maxMIMO-Layers is present in the PUSCH-ServingCellConfig IE, it indicates the maximum MIMO layer to be used for PUSCH in all BWPs of this serving cell and the maximum rank is set to the same value for all BWPs.   However, the maximum rank (maxRank) is a parameter in PUSCH-config IE, which is the PUSCH configuration per BWP.   If maxMIMO-Layers is not present in the PUSCH-ServingCellConfig IE, network configure the maximum rank of the UL MIMO independently for each BWP.  The maxRank parameter only applies to the codebook based UL MIMO scheme [3].  

For non-codebook based UL MIMO scheme, the maximum number of MIMO layers would be limited to per serving cell only.  The UE determines its PUSCH precoder and transmission rank based on the SRI indicated by the SRS resource indicator in DCI or the SRI is given by srs-ResourceIndicator for configured grant when multiple SRS resources are configured.   Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4.  The SRS resource set used to determine the SRI is configured per BWP in [3] as follows, 

SRS-SpatialRelationInfo ::=     SEQUENCE {
    servingCellId                       ServCellIndex                                               OPTIONAL,   -- Need S
    referenceSignal                     CHOICE {
        ssb-Index                           SSB-Index,
        csi-RS-Index                        NZP-CSI-RS-ResourceId,
        srs                                 SEQUENCE {
            resourceId                          SRS-ResourceId,
            uplinkBWP                           BWP-Id
        }
    }
}


The maximum rank of the non-codebook based UL MIMO depends on the number of SRS resources in a SRS resource set, which is configured per BWP.   The network can configure different number of SRS resources in a SRS resource set for each BWP to dynamic adapt to the maximum number of MIMO layers per BWP.   


Proposal 1:  The maximum number of MIMO layers have been supported per BWP in Rel-15 for codebook based UL MIMO by configured the maxRank in the PUSCH-configured per BWP or non-codebook based UL MIMO by configured the number of SRS resources in a SRS resource set per BWP.  

2. 
3. 
Conclusion
In this document, we discuss the use case of UE adaptation to the maximum UL MIMO layers in further achieving UE power saving.  We have the following proposals,   
· Proposal:  The maximum number of MIMO layers have been supported per BWP in Rel-15 for codebook based UL MIMO by configured the maxRank in the PUSCH-configured per BWP or non-codebook based UL MIMO by configured the number of SRS resources in a SRS resource set per BWP.  
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