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1. Introduction
In RAN #84, an update WID on NR UE power saving was approved [1] with the following objectives for efficiency RRC state transitioning:
2)  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

This contribution address the issues for introducing the adaptation of maximum number MIMO layers. 
2. Discussion
2.1. Per-BWP MIMO layer configuration
In Rel-15, maxMIMO-Layers is included in PDSCH-ServingCellConfig and PUSCH-ServingCellConfig, indicating the maximum MIMO layer to be used for PDSCH and PUSCH in all BWPs of this serving cell, respectively. This means per-serving cell indication of maximum number of MIMO layers is supported by RRC signaling. 
During study item phase, the adaptation to the number of antennas was briefly studied. It is recommended to support the possibility to configure a different MIMO layer configuration only for the initial/default BWP compared with other BWPs of a Serving Cell. One of the objective of WID is to discuss whether to also extend this to define per-BWP MIMO layer configuration. Thus, we will discuss the reason to extend per-BWP MIMO layer configuration to BWPs other than initial/default BWP. 
From the perspective of power saving gain, we think per-BWP maximum MIMO layer configuration is useful for the following cases, regarding BWPs other than initial/default BWP. 

Enables multiple levels of power consumption by combining bandwidth and antenna configuration. For example, the following power consumptions can be derived according to the current TR38.840 power model for FR1.

Table I Power consumption evaluation for different BWP/MIMO layer configurations

	
	BWP configuration
	Power consumption

	
	
	PDCCH-only
	PDCCH+PDSCH

	Configuration 0
	BWP 0 (initial/default BWP, e.g., 20MHz), 2Rx
	50[Note1]
	84 

	Configuration 1
	BWP 1 (100MHz), 2Rx
	70 (+40%)
	210 (+150%)

	Configuration 2
	BWP 2 (100MHz), 4Rx
	100 (+100%)
	300   (+257%)


Note 1: According to TR38.840, Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. Linear interpolation for intermediate bandwidths. Valid only for X = 10, 20, 40, 80, and 100. However if the power after scaling is smaller than the BWP transition power, assume the BWP transition power as the output of scaling unless otherwise justified. And for evaluation, when BWP transition duration is one slot or longer, the slot-average power level is 50 power unit. Hence, for 20MHz, we assume PDCCH-only is 50 power unit. 
BWP switching to larger BW but without switching to 4-layer MIMO (configuration 1) has much less power consumption compared to switching 4-layer (configuration 2). Almost 30% power saving is expected for that slot. Considering also the potential CSI report power consumption when switching from 2-layer to 4-layer. Configuration 1 may have much more power saving gain.

Therefore, an inter-medium power consumption level (e.g., configuration 1in the above table) is beneficial. It is proposed that the besides initial/default BWP, other BWPs can be configured maximum MIMO layer independently.

Observation 1: Per-BWP MIMO layer configuration for BWPs other than initial/default BWP can achieve much higher power saving gain. 
From the perspective of power saving gain, BWPs can be switched by DCI. While the current MIMO layer configuration can be changed by RRC, which leads to much higher latency. Once per-BWP MIMO layer configuration is supported for BWPs other than initial/default BWP, more flexibility of maximum MIMO layer configuration can be achieved by L1 signalling, without RRC reconfiguration. 
Moreover, if only initial and default BWP have different MIMO layer configurations, UE should anyway fall back to the initial/default BWP when MIMO layer changed. There may be some problem of load balance. 
Observation 2: Per-BWP MIMO layer configuration for BWPs other than initial/default BWP can achieve more flexibility of maximum MIMO layer configuration. 
Thus, it is beneficial and natural to support L1 per-BWP configuration of maximum MIMO layers for power saving.

Proposal 1: Besides initial/default BWP, other BWPs can be configured maximum MIMO layer independently.

2.2. UE assistant information
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 DL data rate services for UE with high SINR (e.g., UEs at cell center), fallback to 2Rx antenna operation is also allowed to save UE power. In [2], simulation results show that power saving gain of adaptation to number of DL antenna is up to 30%, with tolerable packet delay loss. 

In addition, for UE equipped with 2Tx, it is also power efficient for UE to do UL MIMO layer adaptation. For example, in low UL data rate services for UE with high UL SINR, fall back to 1Tx antenna operation is beneficial to save UE power.

Observation 3: Power saving gain of adaptation to number of DL antenna is up to 30%, with tolerable packet delay loss.
According to the conclusion in study item, 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 to gNB to save power. gNB will decide the final configuration of maximum MIMO layers to this UE. From RAN2 point of view, 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
Anyway, this part should be discussed with other UE assistance information with the same signaling design.
Proposal 2: UE can indicates its preferred maximum MIMO layers to gNB for power saving. 
Proposal 3: RAN2 to discuss the signaling design for preferred maximum MIMO layer, e.g. in MAC CE or RRC. 
3. 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: Per-BWP MIMO layer configuration for BWPs other than initial/default BWP can achieve much higher power saving gain. 
Observation 2: Per-BWP MIMO layer configuration for BWPs other than initial/default BWP can achieve more flexibility of maximum MIMO layer configuration. 
Observation 3: Power saving gain of adaptation to number of DL antenna is up to 30%, with tolerable packet delay loss.
Proposal 1: Besides initial/default BWP, other BWPs can be configured maximum MIMO layer independently.

Proposal 2: UE can indicates its preferred maximum MIMO layers to gNB for power saving. 
Proposal 3: RAN2 to discuss the signaling design for preferred maximum MIMO layer, e.g. in MAC CE or RRC. 
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