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1. [bookmark: _Ref525302579]Introduction
The power saving schemes with UE adaptation to maximum MIMO layer is for UE to suspend the Rx receiver chains in achieving UE power saving when the number of MIMO layers goes to small.    The power saving schemes with UE adaptation to the number of MIMO layers or number of Tx/Rx antenna (panels) have shown up to 3%-30% power saving gain and 4% latency increase for dynamic antenna adaptation. The power saving gain 6%-30% is observed for semi-static antenna adaptation with expected latency and UPT degradation.  Additional network resource is used for compensation of the loss of multi-antenna processing gain.  

This contribution discussed the network configuration in supporting the UE adaptation to the maximum MIMO layer in achieving the power saving gain.   
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 receive antenna chain, UE still has to turn on the receiver chains of the RF and baseband processing of all antennas.  The mutual information from the MIMO channel is very low.   The MIMO decoding performance degrades with the low rank MIMO channel even the RF and baseband processing chains of all antenna remains on.  The power saving schemes with UE adaptation to the number of MIMO layers allow UE to suspend the subset of RF processing chains during low-rank MIMO channel.    

Observation:  The resource allocation and MCS assignment at the gNB scheduler should take into account UE adaptation to the MIMO layers when the rank is low.  

The UE adaptation to the maximum MIMO layers could also be incorporated with the dynamic adaptation of BWP/SCell operation.   The dynamic adaptation of the BWP operation for UE power saving is for UE to monitor the PDCCH and the reception low-activity and low data rate PDSCH at a narrow BWP.    When large data arrives, UE would be indicated in switching to the large BWP for the PDCCH monitoring and PDSCH reception.   Similarly for SCell activation, SCell would not be activated with low data rate and only be activated dynamically only when the large data arrives.    The maximum MIMO layers could be configured together with the BWP/SCell operation to achieve the UE power saving.  UE would be configured different number of the maximum MIMO layers for each BWP.  UE would be configured with narrow band BWP and small number of maximum MIMO layers (e.g., 2 layers) for PDCCH monitoring and low data rate PDSCH reception.   The large number of maximum MIMO layers (e.g., 4 layers) would be configured with wideband BWP for each cell.  The DCI triggering the BWP switching or activate the SCell would also change to larger number of maximum MIMO layers of BWP and SCell for higher data throughput when large packet size arrives.  The dynamic adaptation of the BWP/SCell operation would provide additional power saving gain when the adaptation of the maximum layer is configured together.   

Proposal:  The maximum number of MIMO layers configured by RRC should be per BWP instead of per cell.  

The general procedure of the UE adaptation to the MIMO layer along with BWP/SCell configuration

· UE is semi-statically configured with maximum number of MIMO layers per BWP.  Each BWP could have different maximum number of MIMO layers.   The BWP configuration and associated maximum number of MIMO layers are for each cell (it could be different between PCell and SCells and between SCells)
· UE is configured with default BWP (narrow BWP) and the smaller number of maximum number of MIMO layers for UE power saving purpose.   
· UE starts with the PDCCH monitoring and PDSCH reception using the configured maximum number of MIMO layers
· UE could adapt to the MIMO layers and suspend some Rx receiver chains if the rank of the MIMO channel is low.   

· UE is indicated by a triggering DCI to adapt to the new BWP with its associated maximum number of MIMO layers or activated the SCell with a given BWP
· UE will switch to the target BWP and/or activate the SCell with the associated maximum number of MIMO layer configuration after the required processing time.    
· UE will perform PDCCH monitoring at the target BWP and/or activated SCell with the configured maximum number of MIMO layers.
· UE will feedback the CSI based on the maximum number of MIMO layers of the target BWP/SCell.  
· UE will adapt the MIMO layers in the PDSCH reception based on the rank of MIMO channel.  
2. 
3. 
Conclusion
In this document, we discuss the use case of UE adaptation to the MIMO layers in further achieving UE power saving.  We have the following observation and proposal, and provide an associated TP in Section 4.   
Observation:  The resource allocation and MCS assignment at the gNB scheduler should take into account UE adaptation to the MIMO layers when the rank is low.  

Proposal:  The maximum number of MIMO layers configured by RRC should be per BWP instead of per cell.  
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[bookmark: _Toc3387278]6.3	Higher layer procedures for the UE power saving schemes in RRC_CONNECTED
The higher layer procedure for the UE power saving schemes includes the required signalling and procedures (when needed) for the proposed power saving schemes in Section 5.   
The PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with DRX and is only configured when DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies. The higher layer procedure in support of the PDCCH-based power saving signal/channel scheme for wake-up purpose should be studied for its adaptation to DRX operation (Section 5.1.4). 
When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
The higher layer procedure in support of DCI-based PDCCH monitoring skipping should be studied to achieve PDCCH monitoring/decoding reduction (Section 5.1.5). If enabled, it is assumed that DCI-based PDCCH monitoring skipping can be configured with or without DRX.
The concept of a timer-based uplink BWP switching mechanism, similar to the current mechanism used for the DL BWP, is not supported in Rel-16.
Power consumption gains can be achieved in CA configuration by reducing PDCCH monitoring in SCells.
UE assistance for DRX configuration should be studied.
In order to maximize the power saving related to MIMO operations, it should be possible to dynamically adjust the maximum number of MIMO layers when UE operates in different bandwidths. This is realized by configuring by RRC the maximum number of MIMO layers per BWP instead of per cell.
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