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Introduction

In 3GPP TSG RAN #84 meeting, the WID on UE power saving for NR was updated [1]. The objectives of the UE power saving technology includes the following,

…

Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]

Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 
In this contribution, the aspects of potential technologies for UE adaptation to maximum number of MIMO layer are discussed.

Indication of the maximum number of MIMO layers
One technology that requires significant UE power consumption is MIMO operation. Several different aspects contribute to power consumption in MIMO operation including multi-panel CSI/beam measurement, multi-layer data reception and multi-port UL transmission, etc. According to the study in TR 38.840, for example, dynamical indication of the number of MIMO layer in DCI within L_max by gNB can avoid unnecessary buffering of layers among the L_max layers which is not used by UE. Generally, the power saving schemes with UE adaptation to the number of MIMO layers provides up to 30% power saving gain for the antenna adaptation with some impact to the system performance, such as up to 4% latency increase, 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.  

Observation 1: The maximum number of MIMO layers adaptation scheme can provide significant power saving gain with lower latency increase.
In NR Rel-15, the maximum MIMO layer can be configured by RRC parameter “maxMIMO-Layers” for a serving cell for UL or DL transmission, as specified in [2]. In addition, a higher layer parameter “maxRank” could be configured for the codebook-based transmission of a particular BWP. However, it is required that the maxRank should be set to the same value with the uplink maxMIMO-Layers if it is provided. It means the application of dynamic maximum MIMO layer adaptation is restrained. In view of UE power saving, it is natural to extend the indication of maximum MIMO layer to a more dynamic and wider usage.
 Dynamic indication of the maximum number of MIMO layers

In this section, the dynamic indication of the maximum MIMO layer is analyzed. So first, the necessities of the maximum MIMO layer adaptation from three aspects are illustrated as followings. 

Aspect 1: avoiding unnecessary RF chains operation in low-rank MIMO channel

Generally, the rank of MIMO channel is dependent on the number of MIMO antennas at the receiver or transmitter. As specified procedures in TS 38.214, the transport block size is determined by the product of the total number of resource elements (NRE), code rate (R), modulation order (Qm) and the number of MIMO layer (v), so the decoding performance of the MIMO channel for a transport block size is associated with the rank value under a fixed time and frequency resource. That is to say, even though the UE turns on all RF chains, the decoding performance also depends on the rank value of MIMO channel. Thus, the maximum MIMO layers adaptation can help UE to avoid some unnecessary RF processing chains operation in low-rank MIMO channel.

Aspect 2: adapting traffic with various payload size 

For a UE receiving large traffic, a large number of MIMO layers configuration may contribute to achieving a better performance. In reverse, a smaller number of MIMO layer configuration is preferred for a UE receiving PDSCH with a small payload size. Hence, if the UE can be triggered to switch the maximum MIMO layer with the payload size of scheduling data, the UE can obviously obtain power saving gain for improving the transmission reliability or avoiding unnecessary RF processing chains operation.

Aspect 3: reducing unnecessary power consumption of buffering 

In NR Rel-15, the size of limited circular buffer for rate matching is determined by a set of parameters including the maximum MIMO layer configured by higher layer parameters. Hence it is feasible for a UE to be dynamically indicated a suitable maximum MIMO layer to reduce the buffering power consumption.

Observation 2: The maximum MIMO layers adaptation can avoid unnecessary power consumption of RF processing chains operation and buffering operation. 
According to the above illustration, the maximum MIMO layers adaptation can bring considerable power saving gain. Some optional schemes of the maximum MIMO layers adaptation are presented as followings. 

Scheme 1) the maximum MIMO layer is configured by RRC signaling per BWP, 

Scheme 2) configure more than one maximum MIMO layer and activate by MAC CE, 

Scheme 3) dynamically indicate the maximum MIMO layer via DCI.  

For scheme 1), the scheduling flexibility is constrained by the per BWP configuration. In addition, it can not be applied for the UE that does not support the BWP switching function. Furthermore, if we bundle the MIMO layer adaptation delay with the BWP switch delay, it would cause unnecessary latency. For example, if the maximum MIMO layer is switched from 4 to 2, there should not be any switch latency as UE just needs to shut down some antennas. However, if BWP switch is used for this purpose, it would cause certain latency.

For scheme 2), the MIMO layer indicated by PDCCH should cooperate with the maximum MIMO layer activated by MAC CE. Hence, the scheduling procedure for the L1 signaling may be more complex with an increased latency. However, the scheme 3) does not suffer from the above constraints. Therefore, we propose to support the maximum MIMO layer indicated by the power saving signal/channel dynamically including the case of just one BWP. 
Proposal 1: Support the dynamic indication of the maximum number of MIMO layers even for just one BWP.
 Time of indicating the maximum number of MIMO layers adaptation
Based on the agreement in recent RAN1 meetings, the PDCCH-based power saving signal can be a new DCI format transmitted outside of active time or an enhanced current scheduling DCI format in active time with DRX configuration. Analysis of the two different indication period of the maximum number of MIMO layers are as following:

For outside active time, the power saving signal can indicate the UE whether to monitor the PDCCH. If the UE does not required to monitor the PDCCH in the subsequent one or more On duration(s), the indication of a small maximum MIMO layer can be indicated by the power saving signal to reduce the unnecessary RF processing chains operations to achieve power saving gain. In reverse, if the UE shall monitor PDCCH in the subsequent On duration, a large maximum MIMO layer indicated by the power saving signal can improve the transmission reliability of the PDSCH/PUSCH scheduled by the PDCCH. 
For active time, the indication of the maximum number of MIMO layers is also necessary. For example, when a large data arrives, it may be better to indicate a large maximum MIMO layer to enhance the decoding performance of the transmission. Otherwise, the UE can apply a small maximum MIMO layer indicated by the power saving signal to reduce the power consumption of the RF processing chains operation. 
From the above analysis, the maximum number of MIMO layers indicated by power saving signal both within active time and outside active time should be proposed. 

Proposal 2: The maximum number of MIMO layers can be indicated by power saving signal/channel in both active time and outside active time.
 Switching delay of the maximum number of MIMO layers

As the above description, the maximum MIMO layer indicated by power saving signal may be indicated together with the other potential power saving techniques such as BWP switching, and cross-slot scheduling. If the application time of the power saving techniques indicated by the same power saving signal are not aligned with each other, it would be complex for UE implementation to harmonize different timing and perform the subsequent operation. 

Therefore, for the multiple potential power saving operations indicated together with the maximum MIMO layer, either one of these functions should not be applied until the function with the largest application delay is applied. For example, if the maximum MIMO layer indicated together with a new BWP and a minimum K0, the UE shall apply the maximum MIMO layer at least after a larger duration between the BWP switching delay TBWPswitchDelay and the application delay of K0min as it is shown in Figure 1. 
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Figure 1  Application delay for indication of maximum of MIMO layers and BWP swtiching
Proposal 3: If more than one power saving functions, e.g., maximum MIMO layers, BWP switching and cross-slot scheduling, are indicated via power saving signal, either one of them should not be applied until the one with the largest application delay can be applied.
Moreover, the adaptation of maximum number of MIMO layers is associated with the RF chain operation. If the UE detects a PoSS indicating a smaller maximum MIMO layer, the UE shall perform RF-Off operation. In reverse, if the UE is indicated with a larger maximum MIMO layer, the RF-On operation shall be performed. Therefore, the maximum MIMO layer switching delay, namely the processing delay of RF-On/RF-Off operation, should also be considered for the UE. Obviously, it is necessary for network to avoid performing any data transmission/reception during the RF turning on processing. Moreover, the UE can receive or transmit data if there are just some of the RF chains needs to be turned off. Hence it is proposed that the switching delay for switching to a larger number of MIMO layer configuration should be higher than switching to a smaller number of MIMO layer configuration. 
Proposal 4: The delay for switching to a larger number of MIMO layer configuration should be higher than switching to a smaller number of MIMO layer configuration.
On MIMO layer configuration for initial/default BWP

According to [1], the initial/default BWP will be configured with a specific MIMO layer. For the purpose of power saving, for the initial/default BWP, a small layer configuration is enough. The traffic with medium to low data rate can be handled by the initial/default BWP without BWP switching. Furthermore, with L1 dynamic indication of the maximum MIMO layer (e.g., via power saving signal / channel), the throughput can be higher with larger MIMO layers. That is, the initial/default BWP can behave as a power saving BWP as well as a normal BWP of medium data rate, without BWP switching.

In addition, if the initial/default BWP were configured with maximum four MIMO layers by RRC, then the L1 signaling can indicate it as maximum two MIMO layers for power saving when there is not much data traffic. When a large data packet arrives, the L1 signaling can indicate a maximum four–layer transmission for fast data delivery. Hence, we have the following observation.

Observation 3: The initial/default BWP can behave as a power saving BWP as well as a normal transmission BWP..
Conclusion

In this contribution, we discuss some aspects on UE adaptation to maximum number of MIMO layer. We have the following observations and proposals.
Observation 1: The maximum number of MIMO layers adaptation scheme can provide significant power saving gain with lower latency increase.
Observation 2: The maximum MIMO layers adaptation can avoid unnecessary power consumption of RF processing chains operation and buffering operation. 
Observation 3: The initial/default BWP can behave as a power saving BWP as well as a normal transmission BWP.
Proposal 1: Support the dynamic indication of the maximum number of MIMO layers even for just one BWP.
Proposal 2: The maximum number of MIMO layers can be indicated by power saving signal/channel in both active time and outside active time.
Proposal 3: If more than one power saving functions, e.g., maximum MIMO layers, BWP switching and cross-slot scheduling, are indicated via power saving signal, either one of them should not be applied until the one with the largest application delay can be applied
Proposal 4: The delay for switching to a larger number of MIMO layer configuration should be higher than switching to a smaller number of MIMO layer configuration.
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