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1. Introduction
In RAN#83 meeting, a new Rel-16 work item on NR UE power saving was discussed and approved [1]. It is argued that some of the objective in the draft WID, e.g., Specify the power saving techniques of UE dynamic adaptation to the maximum number of MIMO layers, may have potential RAN2 impact and it is proposed to discuss this in RAN2. This contribution discusses the potential RAN2 impact to UE dynamic adaptation to the maximum number of MIMO layers.
2. Discussion
In Rel-15, for NR Bands n7, n38, n41, n77, n78, and n79 the UE shall be equipped with 4Rx ports as a baseline. In some conditions, e.g., in RRC idle/inactive mode, or in low data rate services for UE with high SINR (e.g., at cell center), fallback to 2Rx antenna operation is also allowed to save UE power. In power saving TR [2], there are lots of simulation results for power saving gain of UE adaptation on maximum MIMO layer. The observations in TR is as follows:

	The power saving schemes with UE adaptation to the number of MIMO layers or number of Tx/Rx antenna (panels) provides up to 3%-30% power saving gain for the dynamic antenna adaptation and 6%- 30% for the semi-static antenna adaptation with some impact to the system performance, such as 4% latency increase for dynamic antenna adaptation,  when reduced antenna operation is used mainly during periods of low scheduling activity and additional network resources are used for the compensation of the loss of multi-antenna processing gain.  It was shown by one source that there is corresponding 10%-58% UPT degradation for the RRC configured antenna reduction without adaptation for FTP traffic. It is noted that with a set of simulation assumptions (such as traffic model and SCS) not aligned with the agreed ones for evaluation, it was observed by one source that the negative power saving gain and latency up to 760 % over Rel-15 4Rx antenna for the RRC configured antenna reduction without adaptation for FTP traffic was observed. It was observed by one source that the resulting additional overhead in terms of DL resource usage for the dynamic antenna adaptation is up to 2%.


Observation 1: The power saving schemes for UE adaptation on maximum MIMO layer shows up to 30% power saving gains with tolerable latency increase.
From RAN2 point of view, the following two issues need to be studied for UE adaptation on maximum MIMO layer.
Issue 1: Signaling aspects
During RAN1 discussions, there are 2 options for gNB signalling to configure dynamic adaptation to the maximum number of MIMO layers for UE.
Option 1: gNB indicates the number of Rx antennas, i.e., 4Rx or 2Rx

In this option, gNB can explicitly to indicate the UE to operate with 2Rx or 4Rx. This solution requires the design of a new signalling. The antenna switching time need to be investigated in RAN4.
Option 2: gNB indicates the maximum number of DL MIMO layers, i.e., 1 layer, 2 layers or 4 layers

In Option 2, gNB configures the maximum DL MIMO layers, and UE can choose the appropriate operation mode, i.e., 2Rx or 4Rx based on the gNB configurations. For example, if gNB configures 1 layer or 2 layers, UE may operate with 2Rx or 4Rx by implementation considering the received SINR. If gNB configures 4 layers, UE need operate on 4Rx ports.
In Rel-15, Maximum DL MIMO layer can be configured per UE per cell. To support dynamic configuration, BWP framework can be used to indicate the dynamic swtiching of maximum DL MIMO layer, by using BWP specific configuration of maximum DL MIMO layer. Alternatively, a new DCI/MAC CE can be designed to indicate the maximum DL MIMO layers without BWP switch. 

Issue 2: UE assistant information

During RAN1 discussions, in some conditions, e.g., UE is in low battery or overheating, or for UE with high SINR and low data rate services, the UE can report its preferred maximum MIMO layers/number of Rx antennas to gNB to save power. gNB will decide the final configuration of maximum MIMO layers/number of Rx antennas to this UE. There are two approaches to carry the identified UE assistance information, i.e. MAC CE or RRC.  For RRC based approach, there are two messages can be considered to carry the identified UE assistance information: 

a)
In the existing UEAssistanceInformation IE

b)
In the temporary capability
Proposal 1: RAN2 to study and design UE reporting preferred maximum number of MIMO layers/number of Rx antennas.

Proposal 2: Besides UE assistant information, there is no RAN2 impact in SI stage identified for UE adaptation in antenna domain. Only signalling design is needed for RAN2 after RAN1 and/or RAN4 decision in WI stage. 
3. Text proposal on TR

---------------------------------------------------------Text Proposal Start-------------------------------------------------------
6.5 UE assistance information
The following UE assistance information should be supported for power saving: preferred maximum number of MIMO layers/number of Rx antennas. 
---------------------------------------------------------Text Proposal End-------------------------------------------------------Proposal 3: RAN2 to consider the above text proposal about UE adaptation on maximum MIMO layer for power saving. 
4. Conclusion
In this contribution, we discuss the UE adaptation on maximum MIMO layer. Based on the discussion, we have the following observation and proposals:
Observation 1: The power saving schemes for UE adaptation on maximum MIMO layer shows up to 30% power saving gains with tolerable latency increase.
Proposal 1: RAN2 to study and design UE reporting preferred maximum number of MIMO layers/number of Rx antennas.

Proposal 2: Besides UE assistant information, there is no RAN2 impact in SI stage identified for UE adaptation in antenna domain. Only signalling design is needed for RAN2 after RAN1 and/or RAN4 decision in WI stage.
Proposal 3: RAN2 to consider the above text proposal about UE adaptation on maximum MIMO layer for power saving.
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