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1 Introduction

As captured by the approved SID during 3GPP TSG-RAN#80 plenary meeting [1], the main objectives of this study item are:
“The objective is to study UE power saving framework taking into consideration of latency and performance in NR as well as network impact. The objective of the UE power saving study includes the following:

· Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

· Study UE adaptation to the traffic and UE power consumption characteristics in
frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE
power saving
(Note: existing UE capabilities are assumed for UE processing timeline)
( Network and/or UE assistance information
( Include mechanism in reducing PDCCH monitoring, taking into account current DRX
scheme
· Study the power saving signal/channel/procedure for triggering adaptation of UE power
consumption characteristics
· Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
· Study the enhancement of higher layer procedures for UE power saving [RAN2]
· Study the enhancement of UE paging procedure based on the additional power saving
signal/channel/procedure
·  Study the enhancement of UE power saving procedure in supporting efficient transition
2 from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode”
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. 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 should study dynamic L1 signalling mechanisms to trigger sleep state.

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 can be observed from [Figure 2, 2] for typical traffic arrival patterns, a significant percentage of C-DRX cycles are unused, i.e., no PDSCH is scheduled. 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.
Proposal 2: NR should study L1 signalling mechanisms for UE wake-up.

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 should support signalling assistance for 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 should study 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 should study multiple DRX configurations for a UE.
3 Conclusions

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

Proposal 1: NR should study dynamic L1 signalling mechanisms to trigger sleep state.
Proposal 2: NR should study L1 signalling mechanisms for UE wake-up.

Proposal 3: 
· NR should support signalling assistance for 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 should study UE feedback options regarding antenna panel turn-off. 
Proposal 5: NR should study multiple DRX configurations for a UE.
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