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Introduction
At RAN #84, the new WI for UE Power Saving in NR has been approved [1]. According to the WID, power saving techniques to trigger UE adaptation to the maximum number of MIMO layers in RRC_CONNECTED mode would be specified.
	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 describe our views on maximum number of MIMO layer adaptation. 
Discussion
UE adaptation to maximum number of MIMO layers is a potential power saving scheme. Based on UE geometry and/or traffic condition/load and/or UE battery status, UE may not need to operate with all four RF chains active always. If UE can receive a signaling from the network of maximum number of MIMO layers, UE may take this into account to operate with appropriate number of RF chains to save UE power. During study item phase, submitted results demonstrated the power saving benefit of MIMO layer adaptation. UE may also feedback its preference or recommendation on maximum number of MIMO layers for network to configure.
In Rel-15, maxMIMO-Layers parameter ranging from 1 to 8 is configured per CC in PDSCH-ServingCellConfig in DL, whereas in UL, maxMIMO-Layers parameter ranging from 1 to 4 is configured per CC in PUSCH-ServingCellConfig to be used for non-codebook based UL transmission and maxRank parameter ranging from 1 to 4 is configured per UL BWP in PUSCH-Config to be used for UL codebook based transmission. Hence, in DL, UE only have per CC configuration available that is applicable across all RRC configured DL BWPs. This may not be beneficial from power saving perspective, because UE could not switch off some RF chains during low traffic activity. Dynamic adaptation of maximum number of MIMO layers could allow the UE to suitably control how many RF chains to keep in operation.

Next section discusses the options captured in the WID to facilitate UE adaptation to maximum number of MIMO layers.






BWP specific MIMO layer configuration
According to the WID, the two options for configurations are as follows
Option 1: Only initial/default BWP has different MIMO layer configuration than other BWPs in the CC
· Other BWPs follow per CC configuration


Option 2: Each RRC configured BWP has per BWP MIMO layer configuration that can be different from value configured for CC and value configured for other BWP
As per Rel-15 procedure, UE can operate in the default BWP and just switch to another BWP, possibly larger in size, to adapt to the incoming traffic load. In case of various possible changes of traffic type, different choices of MIMO layers configurations should be available for the UE for flexible adaptation. 
With both options, it is natural that when UE switches BWP, UE also adapts the maximum number of MIMO layers. Rel-15 BWP adaptation framework can be reused and separate indication for maximum number of MIMO layers is not necessary. Reuse of Rel-15 BWP adaptation framework is also desirable from specification effort and system and/or DCI overhead perspective. In general, use of such scheme makes it possible to quickly switch between different modes that are optimized for certain traffic types and/or battery status.
Also, we note that high flexibility in MIMO layer adaptation may not be needed given the fact that the most common use of MIMO layer adaptation would be switching between 2 and 4, as UE can have up to 4 RF chains and a codeword can have up to 4 layers. For example, default BWP may have maximum number of MIMO layers as 2, and one or more of other configured BWPs may be associated with maximum number of MIMO layers as 4, which can be set either via per CC configuration (Option 1) or per BWP configuration (Option 2). Hence, in our view, independent adaptation of maximum number of MIMO layers via separate DCI or in a new field in a DCI is not that justified for additional flexibility. 
Observation 1: Most common use of maximum number of MIMO layers adaptation is switching between 2 and 4.
Observation 2: Maximum number of MIMO layers can be jointly adapted with BWP switching, reusing 
Rel-15 framework.

Next, we consider some examples and evaluate Option 1 and 2.

Example 1: Default BWP B1 is not initial BWP and has a maximum number of MIMO layers configured as 2, whereas maximum number of MIMO layers per CC is configured as 4 or 8. Default BWP is reasonably adequate in size that can handle moderate traffic flow, and UE has another BWP B2 configured. When there is increased traffic flow, UE can be triggered to switch BWP and UE would assume maximum number of MIMO layers as set in per CC configuration. In this example, Option 1 suffices and UE can adapt to maximum number of MIMO layers between 2 and 4/8 accordingly without much loss in flexibility.
Example 2: Default BWP B1 is a narrow BWP, such as the initial BWP, and has a maximum number of MIMO layers configured as 2 and UE has another BWP B2 configured. Again, let’s assume maximum number of MIMO layers per CC is configured as 4 or 8. Whenever UE switches to other BWP, UE has no other option but to assume per CC configuration, which is 4 or 8, according to Option 1. It may be possible sometimes that such large value is not necessary for the load and/or UE geometry/link conditions while UE is on B2 where UE may need to stay often. In order to have the option to conserve UE power, it would be profitable if network could configure maximum number of MIMO layers per BWP, i.e., Option 2.
Example 3: UE is configured with more than two BWPs, such as default BWP B1 has a maximum number of MIMO layers configured as 2 and may be of small size, whereas two other BWPs  B2 and B3 have maximum number of MIMO layers configured as 2 and 4, respectively. In Example 2, although B2 has per BWP configuration, UE may not be able to dynamically adapt between maximum number of MIMO layers 2 and 4. In this example, BWPs B2 and B3 may have potentially same size but different value for maximum number of MIMO layers, thus allowing the UE to dynamically adapt without physically retuning BWP. Hence, Option 2 provides more flexibility here. 
Moreover, for UE supporting different traffic types, different BWPs can be configured of different sizes and numerologies, where appropriate value of maximum number of MIMO layers per BWP can be different. It can be argued that a given BWP may have more than one MIMO layer configuration and active configuration is selected by explicit DCI signaling. In our view, Rel-15 framework of up to four BWPs configuration provide decent flexibility and as mentioned in Example 3, if such necessity arises, network could just configure multiple BWPs for a UE with same/different size but with different MIMO layer configuration.
Taking all of these considerations into effect, we have the following proposals.

Proposal 1: Support per BWP configuration for maximum number of MIMO layers. 
Proposal 2: Reuse Rel-15 BWP adaptation framework for dynamic adaptation of maximum number of MIMO layers.
· Explicit indication of maximum number of MIMO layers in DCI is not supported

During active time, scheduling DCI can be used according to Rel-15 dynamic BWP adaptation framework. Outside active time, BWP index can be indicated in the wake-up signal which in turns triggers adaptation of maximum number of MIMO layers for use during next ON duration. 

Implications of per BWP MIMO layer configuration

In this section, we discuss the potential PHY impact of adopting per BWP MIMO layer configuration. For per BWP configuration of maximum number of MIMO layers, a parameter such as maxRank can be specified in pdsch-Config.
First, determination of TBS for limited buffer rate matching for DL-SCH/PCH would depend on the maxrank parameter, if specified in per BWP configuration. According to Subclause 5.4.2.1 in [3], maximum number of layers for one TB for DL-SCH/PCH is given by the minimum of X and 4, where
· if the higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell is configured, X is given by that parameter
· elseif the higher layer parameter maxRank of pdsch-Config of the serving cell is configured, X is given by the maximum value of maxRank across all BWPs of the serving cell
· otherwise, X is given by the maximum number of layers for PDSCH supported by the UE for the serving cell
Here, the maximum value of maxRank across all BWPs of the serving cell should be equal or less than maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell in practical and reasonable configurations.
Value of maximum number of MIMO layers set in per BWP configuration should not exceed the maximum number of MIMO layers configured per CC. The supported maximum data rate, cf. Section 4.1 of [2], is given as a function of number of aggregated carriers where maximum number of layers configured per CC is used. In our view, use case of exceeding the value in per CC configuration is not clear.
Proposal 3: Maximum number of MIMO layers set in per BWP configuration should not exceed the maximum number of MIMO layers configured per CC.
Proposal 4:  Soft buffer size at the UE may depend on maximum value of maxRank across all BWPs of the serving cell, if maxRank is introduced per BWP.

Conclusion 
In this contribution, we discussed our views on UE adaptation to the maximum number of MIMO layers. The observations and proposals are summarized below 

Observation 1: Most common use of maximum number of MIMO layers adaptation is switching between 2 and 4.
Observation 2: Maximum number of MIMO layers can be jointly adapted with BWP switching.

Proposal 1: Support per BWP configuration for maximum number of MIMO layers. 
Proposal 2: Reuse Rel-15 BWP adaptation framework for dynamic adaptation of maximum number of MIMO layers.
· Explicit indication of maximum number of MIMO layers in DCI is not supported

Proposal 3: Maximum number of MIMO layers set in per BWP configuration should not exceed the maximum number of MIMO layers configured per CC.
Proposal 4:  Soft buffer size at the UE may depend on maximum value of maxRank across all BWPs of the serving cell, if maxRank is introduced per BWP.
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