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1		Introduction
UE power saving WI description [1] has following objective:
2) Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
0. Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
0. Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 
0. 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
 Further, in RAN1#98, the following agreement was made:
· Support per-DL-BWP configuration of maximum number of DL MIMO layers 
· Signalling details up to RAN2
2	Discussion on per-BWP configuration of MIMO layers
2.1 DL/UL configuration
During the SI, it was agreed that for power saving, the UE can be configured with different MIMO configuration for the initial/default BWP compared with other BWPs of a serving cell. In RAN1#98, it was agreed to support per-BWP configuration in DL of maximum MIMO layers.
In Rel-15, there was a RAN1 agreement to introduce RRC signaling of maximum number of MIMO layers (for both PUSCH and PDSCH) on a per-BWP basis and configuring the same value for all BWPs for Rel-15 [1], but ultimately Rel-15 specified per-serving cell indication of maximum number of MIMO layers. Additionally, Rel-15 also supports per-BWP MIMO layer parameter configuration for UL codebook-based MIMO operation.
1. [bookmark: _Toc21081676]Rel-15 supports per-serving cell maximum MIMO layer configuration for DL and UL through parameters maxMIMO-Layers of PDSCH-ServingCellConfig and PUSCH-ServingCellConfig respectively.
1. [bookmark: _Toc21081677]Rel-15 supports per-BWP maximum MIMO layer configuration for UL codebook-based operation through the parameter maxRank of pusch-Config.
For Rel-15, there is also dependency between parameter values when both per-cell maxMIMO-Layers and maxRank are configured for uplink.
1. [bookmark: _Toc21081678]For Rel-15, if maxMIMO-Layers is present in PUSCH-ServingCellConfig, the network sets maxRank to the same value.
The per-cell parameter is configured based on UE capability signaling parameter maxLayersMIMO-Indication. Based on above observations, it is noted that when the per-cell parameter is configured, there is no flexibility to configure different maxRank values on per-BWP basis for codebook-based operation.  
Then, we think the RAN1 agreement on per-BWP indication of maximum number of MIMO layers can be brought forward for UE power savings in Rel-16, also for the UL codebook and non-codebook-based operation. 
1. [bookmark: _Toc21081679][bookmark: _Hlk21035586]Support per-UL-BWP configuration of maximum number of UL MIMO layers. 
[bookmark: _Toc16164002][bookmark: _Toc16684944][bookmark: _Toc16686273][bookmark: _Toc16686541][bookmark: _Toc16686703][bookmark: _Toc16687359][bookmark: _Toc16773012][bookmark: _Toc20430069][bookmark: _Toc20430100][bookmark: _Toc20430410][bookmark: _Toc20486259][bookmark: _Toc20487451][bookmark: _Toc20490432][bookmark: _Toc20849471][bookmark: _Toc20919411][bookmark: _Toc20430070][bookmark: _Toc20430101][bookmark: _Toc20430411][bookmark: _Toc20486260][bookmark: _Toc20487452][bookmark: _Toc20490433][bookmark: _Toc20849472][bookmark: _Toc20919412]The parameter simply indicates the maximum MIMO layers to be used for PUSCH in the BWP of this serving cell. Default value can be specified to be same as per-serving cell parameter value maxMIMO-Layers.
2.2 Configuration details
[bookmark: _Hlk20429275]Apart from introducing RRC parameters in RRC specification, it is preferable to limit the amount of RAN1 specification changes, so that the behavior (based on the Rel-15 MIMO Layer configuration for serving cell) from Rel-15 can be maintained. In RAN2#107, the following agreement was made regarding the DL configuration [3]:
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.
As the parameter maxMIMO-Layers is used in the RAN1 specs, some clarifications may be necessary if the same parameter name gets duplicated. In 38.212, 5.4.2.1 [4], the rate matching for LDPC code is derived based on a maximum number of layers, denoted X, given by “maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell” for DL. Since the per-BWP value is overriding the per-cell value, the text may need to be updated according to this. At the same time, it is preferable to keep the rate matching invariant between BWP switches. For this, the maximum value over all configured BWPs should be used. This is same as to how maxRank is treated, where Rel-15 states that, if maxMIMO-Layers is not configured, “X is given by the maximum value of maxRank across all BWPs of the serving cell”.
[bookmark: _Hlk21035149]Ideally it is preferable to utilize a different parameter name for the per-BWP parameter so that there is minimal impact on RAN1 specs, and indeed if RAN2 agrees to new parameter name, then spec changes will not be necessary. In any case, it is important to ensure that the rate-matching is invariant across BWP switches.
1. [bookmark: _Toc21081680]For downlink, rate-matching dependence should be on Rel-15 parameter value of maxMIMO-Layers for serving cell.
For uplink, two aspects need to be considered – impact on UL LBRM (optional UE feature) and DCI 0-1 dimensioning. It is noted that UL rate-matching is primarily based on FBRM (mandatory) and like in Rel-15, that remains unaffected by the max number of MIMO layers. 
[bookmark: _Hlk21034626]For LBRM, it is preferable to ensure that the rate-matching is invariant across BWP switches (like in Rel-15), and doing so with minimal RAN1 spec changes is desirable. 
Regarding DCI format 0-1, in 38.212, 7.3.1.1.2 [4], the SRS resource indicator is dependent on the maxMIMO-Layers of PUSCH-ServingCellConfig of the serving cell and that DCI field size is affected (e.g. reduced by a couple of bits) if per-BWP value is used instead. Using an identical formulation (like LBRM) here will make SRS resource indicator dependent on the maximum value of maxMIMO-Layers across all BWPs of the serving cell. It is rather simpler (though it may use more DCI bits) and preferable if the existing DCI field size from Rel15 is maintained, and the maxMIMO layers on a per-BWP is simply a scheduling restriction – this makes it more attractive for implementing this feature. 
[bookmark: _Toc20919820]The above two can be achieved directly without any changed to 38.212, if the per-BWP parameter is separate from the cell-specific parameter name. 
1. [bookmark: _Toc21081681]Per-UL-BWP configuration of maximum number of UL MIMO layers is via a new parameter (maxMIMO-LayersBWP).
Following RAN2 agreement above, there can be a per-BWP value for max layers as well as a per-cell value. It is reasonable that the per-BWP value is no larger than the per-cell configured value.
1. [bookmark: _Toc21081682]The configured per-BWP max MIMO layer value is less than or equal to the per-cell configured Max MIMO layer value.
[bookmark: _Toc20430073][bookmark: _Toc20430104][bookmark: _Toc20430414][bookmark: _Toc20486263][bookmark: _Toc20487455][bookmark: _Toc20490436][bookmark: _Toc20849475][bookmark: _Toc20919415][bookmark: _Toc21035717][bookmark: _Toc21035743][bookmark: _Toc21035845][bookmark: _Toc21035868][bookmark: _Toc21035718][bookmark: _Toc21035744][bookmark: _Toc21035846][bookmark: _Toc21035869][bookmark: _Toc21035719][bookmark: _Toc21035745][bookmark: _Toc21035847][bookmark: _Toc21035870]
[bookmark: _Toc5022906]Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	Rel-15 supports per-serving cell maximum MIMO layer configuration for DL and UL through parameters maxMIMO-Layers of PDSCH-ServingCellConfig and PUSCH-ServingCellConfig respectively.
[bookmark: _GoBack]Observation 2	Rel-15 supports per-BWP maximum MIMO layer configuration for UL codebook-based operation through the parameter maxRank of pusch-Config.
Observation 3	For Rel-15, if maxMIMO-Layers is present in PUSCH-ServingCellConfig, the network sets maxRank to the same value.

Proposal 1	Support per-UL-BWP configuration of maximum number of UL MIMO layers.
Proposal 2	For downlink, rate-matching dependence should be on Rel-15 parameter value of maxMIMO-Layers for serving cell.
Proposal 3	Per-UL-BWP configuration of maximum number of UL MIMO layers is via a new parameter (maxMIMO-LayersBWP).
Proposal 4	The configured per-BWP max MIMO layer value is less than or equal to the per-cell configured Max MIMO layer value.
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