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1 Introduction

The following agreements were reached in RAN1 95 [1] in regards to the triggering UE adaptation to the traffic and UE power consumption characteristics:
Agreements:

The power saving signal/channel for UE adaptation includes the following signals/channels for further study

· Existing signal/channel based power saving signal/channel

·  PDCCH channel

· TRS, CSI-RS type  RS, SSS-like and DMRS

· PDSCH channel carried MAC CE and/or RRC signaling

· New power saving signal/channel – sequence based 

The aspects of the power saving signal/channel used for the UE adaptation to the traffic used for further evaluation of power saving signal design in addition to its triggering to the power saving gain.  

· Network resource overhead  

· Resource and/or periodicity of power saving signal/channel

· Multiplexing capability

· Usage of resource

· Coexistence/multiplexing with existed signal/channel of Rel-15

· UE-specific, group-specific, cell-specific power saving signal/channel

· Detection performance

· Complexity

· Power consumption of the power saving signal/channel

Agreements:

· The power saving signal/channel in trigger UE adaptation to DRX operation for further study is that the power saving signal/channel can be configured along the DRX configuration as the indication for UE to wake up from the sleep state.  RS resources can be considered to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking.

· Other schemes are not precluded

Agreements:

· The power saving signal/channel candidate in triggering UE to achieve reducing PDCCH monitoring for further study  is that the power saving signal/channel can be used to trigger UE to skip the PDCCH monitoring and/or to go to sleep for a period of time.

· Other schemes are not precluded

Agreements:

· The power saving signal/channel in trigger UE frequency domain processing adaptation for further study is the power saving signal/channel can be used to trigger the indication of RS configuration for channel tracking, CSI measurents, and beam management for the additional assistance of dynamic switching of BWP or activation of SCell in achieving the power saving gain.  The power saving signal/channel can be used for BWP switching, activation/deactivation of SCell or adaptation of PDCCH monitoring and/or CORESET/search space of PCell/SCell.

· Other schemes are not precluded

Agreements:

For further study, the power saving signal/channel in triggering adaption to the UE processing, such as MIMO configuration/layers, antenna configuration, UE processing time, and background processing can be used as the indication for UE adaptation.  The power saving signal/channel in triggering UE adaptation to the processing is to allow UE in reducing the power consumption by indication of the processing time, such as PDCCH/PDSCH/PUSCH/PUCCH processing or the essential background processing, such as periodic CSI and RRM measurements.  

· Other schemes are not precluded

In this contribution, we present our views on the benefits of triggering UE adaptation and potential mechanisms. 
2 Discussion on enhancements for triggering UE adaptation
In [2], we have discussed factors that mostly contribute to NR UE power consumption and provided an overview of existing mechanisms supported in Rel-15. We further observed that some enhancements may be necessary to improve UE power consumption. In [2] and [3], we provided some evaluation results in favour of triggering UE adaptation to DRX operation. Below, we provide some suggestions for triggering UE adaptation to traffic arrival pattern and power consumption characteristics.
2.1 Dynamic L1 signalling to trigger sleep state

One of the focus of the SID is to improve UE power consumption when traffic can be bursty and sparse in connected mode. During active state, UE may continuously monitor for PDCCH according to CORESET and search space configuration. Due to bursty and sporadic arrival of traffic and scheduling restrictions, UE may frequently observe a period during which no PDCCH is received. PDCCH monitoring resulting in no PDCCH accounts for most of the power consumption for NR UE when UE is not receiving data. Existing solutions such as MAC CE signalling can be used to switch long DRX cycle to short DRX cycle if the network has no packets for the UE. However, MAC CE signalling can be costly, involves multiple layers, and also there is a much longer decoding delay than L1 signalling. Moreover, MAC CE signalling cannot trigger on-demand micro-sleep for the UE. In Figure 1, we show an example where L1 signalling can be exploited to trigger micro-sleep for a UE. In the first DRX cycle, network puts the UE to a sleep duration, and the UE wakes up again before the end of the configured active duration; whereas in the second DRX cycle, network does not send such signalling as there is more traffic activity.  L1 signalling can dynamically put the UE to sleep for a suitable duration in a flexible manner. DCI-based L1 signalling may be considered.
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Figure 1: L1 signalling can be used to dynamically put the UE into sleep state.
Proposal 1: NR supports dynamic L1 signalling mechanisms to trigger sleep state.
As the UE is actively monitoring PDCCH when go-to-sleep signalling is received, it is natural to assume that PDCCH based signalling is better suited to trigger such on-demand sleep state. The PDCCH for triggering sleep state may indicate 

· Start position of sleep duration

· Sleep duration

Alternatively, some parameters such as start position can be higher layer configured. MAC CE signalling can trigger sleep state until the end of DRX cycle. PDCCH based signalling on the other hand provides more flexible indication of sleep duration. In some cases, network could signal a sleep duration that may span multiple DRX cycles. 
2.2 L1 Signalling for wake-up

Currently, in C-DRX mechanism a UE wakes up in every DRX cycle at least for the ONduration timer. Once a packet is received, the inactivity timer starts. Longer ONduration timer can be used when the load is high and/or when low latency is important. Moreover, for high load intensity the DRX cycle can also be configured with a relatively shorter DRX cycle so that latency remains satisfactory. In all of these cases, due to the dynamic traffic arrival nature and scheduling restrictions, a UE may wake up for a number of cycles without actually receiving PDCCH. As shown in [2] and [3], WUS provides significant power saving gain because UE skips turning ON for some of the DRX cycles. UE wakes up during each ON duration, decodes no grant, and returns to sleep. One option to improve the utilization of the DRX cycle ON time is to use a wake-up signal. Network can send a wake-up signal to a UE so that the UE wakes up only if a PDCCH is imminent. A separate wake-up signal, which may comprise a much shorter duration that OnDuration timer, maybe useful so that a UE can effectively sleep for longer durations.  Both DCI and sequence based design can be studied for the wake-up signal.
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                             Figure 2: WUS transmission procedure.
Furthermore, associating BWP adaptation framework with DRX operation may provide additional power saving gain. Operating BW part size has direct relationship with UE power consumption and to this end, UE may monitor WUS in a reduced BW part, and WUS may indicate a larger BW part for subsequent PDCCH and PDSCH reception during ON time, whenever needed, cf. Figure 3.
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                          Figure 3: WUS may indicate BW part for subsequent PDCCH/PDSCH transmissions.

Proposal 2: NR supports L1 signalling mechanisms for UE wake-up.
In our opinion, PDCCH based WUS may be preferred over sequence based design. Sequence based design can be better suited when payload is very low. WUS may not just trigger PDCCH monitoring but may also include some additional information, such as BW part ID, one or more of DRX configuration parameters, if dynamic adaptation of DRX configuration is considered. Moreover, in future if some additional functionality can be added, and hence some reserved bits can be used. If there is no separate duration before ONduration to monitor WUS, WUS can be received at the beginning of ONduration. In that case, first scheduling DCI can serve as WUS implicitly.  A Unified PDCCH based DCI format can be considered which can be used to signal both GTS and WUS.  
2.3 Adaptation for MIMO layers and UE antenna panel
Another important factor is the number of active RF chains at the UE side and/or MIMO layers. Some of the receiving chains can be turned off based on the traffic load, and in order to facilitate this UE assistance signalling for the maximum number of MIMO layers can be considered. In other words, matching the MIMO configuration to the traffic load may significantly improve DL power efficiency. Adaptation of active receive chains and/or number of layers decoded in the baseband should be considered in NR to improve UE consumption further. Considering dynamic traffic variation, signalling assistance for the maximum number of MIMO layers should be sufficiently fast and reliable. For example, MAC signalling can be a candidate for that purpose, similar to the MAC CE based activation mechanism supported in LTE for carrier aggregation.


If the indicated maximum number of MIMO layers is configured for the UE, UE should not expect PDSCH scheduling with more than the indicated number of MIMO layers and can autonomously decide the number of the required receiving chains.

Proposal 3: 
· NR supports signalling assistance for indicating the maximum number of MIMO layers.
· The maximum number of MIMO layers can be indicated to the UE using MAC signalling:
· UE should not expect PDSCH scheduling from gNB with more than the indicated number of MIMO layers

Moreover, a UE may have multiple antenna panels targeting different directions to achieve better angular coverage. For example, there may be two panels at the UE which are facing in opposite directions. In order to communicate with the gNB, one active panel pointing to a strong channel cluster may be sufficient. To reduce power consumption for DL reception in such a scenario, the UE can turn off the other panel. However, due to possible UE rotation or movement, a single active panel may not be always sufficient and the UE may need to turn on the other panel periodically to search for potentially better beam(s). When a UE panel is turned off, the UE could inform the gNB that group based beam reporting is not expected to be triggered. 

Proposal 4: NR supports UE feedback options regarding antenna panel turn-off. 
2.4 Multiple DRX configurations
NR UE may support different types of applications and services. Different services may have different traffic arrival patterns and/or latency requirements. Hence, operating based on a common DRX configuration for all kinds of supported services supported may result in high UE power consumption. In order to dynamically adapt to the traffic arrival pattern, a UE can be configured with multiple DRX configurations. This may facilitate choosing the right DRX configuration based on the specific traffic arrival pattern.

Proposal 5: NR supports multiple DRX configurations for a UE.

· L1 or higher layer signalling can indicate active DRX configuration

3 Conclusions

In this contribution, we have the following proposals for triggering UE adaptation:

Proposal 1: NR supports dynamic L1 signalling mechanisms to trigger sleep state.

Proposal 2: NR supports L1 signalling mechanisms for UE wake-up.

Proposal 3: 

· NR supports signalling assistance for indicating the maximum number of MIMO layers.

· The maximum number of MIMO layers can be indicated to the UE using MAC signalling:

· UE should not expect PDSCH scheduling from gNB with more than the indicated number of MIMO layers

Proposal 4: NR supports UE feedback options regarding antenna panel turn-off. 

Proposal 5: NR supports multiple DRX configurations for a UE.
· L1 or higher layer signalling can indicate active DRX configuration
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