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1	Introduction
In this paper, we discuss techniques that could potentially be used to reduce UE power consumption characteristics, including adaptation in PDCCH monitoring, time, BW, frequency, MIMO order, and CA. We also discuss UE assistance information that may lead to power efficient techniques.
However, we also note that power consumption is a trade-off between different components, improving one aspect might lead to increasing power consumption in another aspect (e.g., bandwidth and time trade-off). Therefore, RAN1 study needs to take such trade-offs into account. 
[bookmark: _Ref178064866]2 	Power Saving Techniques for PDCCH Monitoring
In this section, we discuss the power savings techniques for UEs in connected mode, including DRX based techniques, and WUS/GTS based techniques.
2.1 DRX-Based Techniques
A UE can spend a significant amount of time in monitoring PDCCH without receiving any valid grants. Hence, reducing the number of such PDCCH monitoring instances and blind decodes in those monitoring instances can lead to power savings. 

To alleviate the above issue, connected-mode discontinuous reception (C-DRX) is a key tool available from Rel-15.  In using C-DRX, a trade-off exists between balancing UE power-consumption, latency and the corresponding impact on network performance.  The choice of the DRX parameters can also be shaped by the traffic that the UE expects, and reducing the active time when there is no data to send to the UE can be beneficial.  
[bookmark: _Toc525918108][bookmark: _Toc525315720]C-DRX can help reduce the number of PDCCH monitoring instances. 
[bookmark: _Toc525918109]Reducing the number of blind decodes can improve power consumption characteristics of the UE.  
2.2 [bookmark: _Toc525315730][bookmark: _Toc525315731][bookmark: _Toc525315732][bookmark: _Toc525315733][bookmark: _Toc525315734][bookmark: _Toc525315735]WUS/GTS Based Techniques 
Power saving signals such as the wake-up signal (WUS) signal, and go-to-sleep (GTS) signal can also be studied for UE power savings. WUS introduced for NB-IoT addresses a different use-case compared to eMBB. An NB-IoT device is typically in a sleep state for very long periods of time and, thus, can be expected to be out-of-sync after waking up. For NR, connected mode eMBB use case, this should not be the case, and hence WUS/GTS characteristics and design criteria for NR UE can be quite different.

A WUS that can be monitored with lower power (even in DRX) can prevent the UE from waking up to monitor PDCCH after a short C-DRX while no grant is provided, and can also reduce latency in case of long-DRX. Thus, using a suitably designed WUS signal, gNB could aid UE power savings and even potentially reducing latency. 

[bookmark: _Toc525918110]A short C-DRX may not reduce the number of PDCCH monitoring instances while a long C-DRX can increase the latency. A WUS/GTS mechanism adapting C-DRX may help power consumption reduction.
[bookmark: _Toc525917249]
[bookmark: _Toc525918111]Based on the above, we based the following proposals:

1. RAN1 should primarily focus on the techniques which reduce UE active time for power saving.
RAN1 should study PDCCH monitoring occasions reduction, including
· Choice of C-DRX parameters that can take into account various traffic types, potential UE power savings, latency incurred and impact on NW performance. 
· Techniques to reduce the number of blind decodes.
· WUS/GTS techniques facilitating lower power consumption for PDCCH monitoring. 
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BWP adaptation (such as reducing the BW) can lead to lower power consumption, and Rel-15 design includes both RRC-based and dynamic BWP switching. For power savings, UE can use a lower BW for PDCCH and then move to higher BW for PDSCH reception. However, given UE has to remain active during BWP switching, the BWP switching delay by can increase UE power consumption. 
For CA, activation/deactivation is supported in LTE and also in NR for reducing UE power consumption. Faster activation/deactivation such as L1-based solutions can be further beneficial for UE power savings though but enhancements to CA activation/deactivation are part of MR-DC enhancements WI. If gNB has a lot of data to send to the UE, fast activation/deactivation would allow gNB to efficiently use of UE’s CA capabilities, while reducing power consumption by quickly deactivating components carriers.
[bookmark: _Toc525917250][bookmark: _Toc525917998][bookmark: _Toc525918112][bookmark: _Toc525918113]BWP adaptation can help in reducing UE power consumption.
[bookmark: _Toc525918114]From power efficiency viewpoint, CA is beneficial when the traffic is sufficiently higher than what an individual carrier can accommodate.
Enhanced BWP switching accommodating faster switching can be considered.
4 Power Saving Techniques for MIMO
MIMO techniques enhance capacity, coverage and spatial resolution for both UE and NW. While every additional Rx/Tx chain in the UE may potentially increase the power consumption, it also provides significant benefit to end-user experience (in terms of enhanced data rates, improved coverage, etc).  Use of multiple RF chains in the UE device provides spatial multiplexing and diversity gains. One way to reduce energy consumption in a UE device is to optimize the number of Rx chains used for data communication. Techniques facilitating the UE to reduce  the number of antennas can be considered as long as there is no negative impact on performance metrics including network performance, data rate, reliability and latency.
[bookmark: _Hlk525916287]
Techniques facilitating the UE to reduce number of antennas can be considered if there is no negative impact on performance metrics including network performance, data rate, reliability and latency.
5 UE assistance information for power efficient techniques
Typically, some aspects of UE power consumption are highly implementation dependent, which can usually include shutting off parts of receiver components when not in use, etc. Some of these are done in network transparent manner. In some cases, UE assistance could potentially provide network with additional information that a network could consider in scheduling UEs. This can include UE capability signalling framework (e.g. support for faster BWP switching, or support of DRX) or via other UE reporting mechanisms (e.g. traffic-based requests). For instance, in NR, for voice traffic, a UE can indicate a desired increment or decrement of the C-DRX cycle length in the UE’s delay budget report. Such UE assistance techniques can be considered for study including UE report of preferred scheduling configuration (e.g. cross-slot scheduling, search space configurations, etc), BWP switching or antenna adaptation. 

RAN1 can study the benefits of UE assistance to the network for the following: preferred scheduling configuration (e.g. cross-slot scheduling, search space configurations), enabling of enhanced BWP switching, antenna adaptation.

Conclusion
In this paper, the following observations are made:
Observation 1	C-DRX can help reduce the number of PDCCH monitoring instances.
Observation 2	Reducing the number of blind decodes can improve power consumption characteristics of the UE.
Observation 3	A short C-DRX may not reduce the number of PDCCH monitoring instances while a long C-DRX can increase the latency. A WUS/GTS mechanism adapting C-DRX may help power consumption reduction.
Observation 4	BWP adaptation can help in reducing UE power consumption.
Observation 5	From power efficiency viewpoint, CA is beneficial when the traffic is sufficiently higher than what an individual carrier can accommodate.
We propose the following:
1. RAN1 should primarily focus on the techniques which reduce UE active time for power saving.
RAN1 should study PDCCH monitoring occasions reduction, including
· Choice of C-DRX parameters that can take into account various traffic types, potential UE power savings, latency incurred and impact on NW performance. 
· Techniques to reduce the number of blind decodes.
· WUS/GTS techniques facilitating lower power consumption for PDCCH monitoring. 
Enhanced BWP switching accommodating faster switching can be considered.
Techniques facilitating the UE to reduce number of antennas can be considered if there is no negative impact on performance metrics including network performance, data rate, reliability and latency.
RAN1 should study the benefits of UE assistance to the network for the following: preferred scheduling configuration (e.g. cross-slot scheduling, search space configurations), enabling of enhanced BWP switching, antenna adaptation.
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