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1	Introduction
In this paper, we address adaptation mechanisms which lead to UE power efficiency. The focus is on proposing techniques to reduce the power consumption related to PDCCH monitoring. Briefly we discuss the following techniques as main features:
· Adaptive CORESET/SS Configuration in C-DRX
· Adaptive C-DRX Duration
Furthermore, we provide some discussion on L1 based Scell activation/deactivation and MIMO adaptation.
[bookmark: _Ref178064866]2	Power saving techniques for PDCCH monitoring
In this section, we provide some solutions which enhances the C-DRX operation thereby reducing the number of PDCCH monitoring occasions even further than the current C-DRX operation setup in Rel 15.
2.1 	Adaptive CORESET/SS Configuration in C-DRX
A CORESET configuration provides physical downlink resources and associated parameters for carrying PDCCH. Furthermore, a SS configuration defines associated CORESET, monitoring periodicity, pattern, potential PDCCH candidates, DCI formats to search for. If the CORESET occupies larger bandwidth more analog/RF processing is needed, and if more candidates are configured for the SS, more decoding effort (baseband processing) is carried out by the UE. 
In connected mode (C-DRX), power consumption during PDCCH monitoring can be reduced by minimizing the number of PDCCH monitoring occasions, BD candidates, and/or bandwidth especially during C-DRX operation mode. 
This can be done by configuring the UE with several CORESETs and SSs with different periodicity and bandwidths. The UE switches between them depending on operation mode. This is depicted in Figure 1. As shown in the figure, when Inactivity Timer is running, the UE monitors the PDCCH according to a SS configuration with more frequent monitoring occasions, whereas during the On-Duration, it monitors the PDCCH according to SS with infrequent monitoring occasions. The UE can go to micro sleep in ON duration if nothing is scheduled for the UE during the monitoring occasion. 
Also, as shown in Figure 2, during the DRX cycle, the UE goes to the narrow bandwidth CORESET until a triggering signal (e.g. a normal PDCCH) is detected, and then the UE moves to the larger bandwidth CORESET during active time.
The switching between the configurations can be done by implicit indication from the NW to the UE. Some of the possible switching criteria are as follows:
· Beginning of an ON duration
· Expiry of a timer, e.g. 
· Lack of reception of a PDCCH addressed to the UE during a predetermined number of DRX cycles
· Setting a time after the end of PDSCH reception (or immediately, timer = 0) 
· Changing C-DRX operation mode (short CDRX, long CDRX, ON duration, etc.) 

NW can also explicitly send L1 (either scheduling DCI or a separate PDCCH) or MAC CE based signaling to the UE to switch between pre-configured/specified configurations such as configured SS to monitor. 




[bookmark: _Ref525680454]Figure 1 C-DRX in which the UE switches between various SS configurations depending on operation state.





[bookmark: _Ref525681037]Figure 2 UE switches between CORESETs/Search Spaces of various sizes


[bookmark: _Toc528959215]For enabling UE power savings, CORESET/SS used for PDCCH monitoring can be adapted based on the operation mode of the UE. The adaptation can also be according to  explicit L1/MAC based signaling to the UE. RAN1 should study the benefits and signaling details for this approach.

2.2 	Adaptive C-DRX Duration
C-DRX is one way of saving power by allowing the UE to sleep at the regular intervals. C-DRX in Rel-15 is categorized as short and long DRX. UE moves to long DRX after a specific period of being in short DRX mode configured for the network. However, these two values remain fixed until they are reconfigured.
[bookmark: _GoBack]While this setup helps in reducing the power consumption related to PDCCH monitoring, still the UE can wake up after a C-DRX cycle and start monitoring PDCCH while nothing is scheduled. One approach to save further power is to progressively increase C-DRX duration (i.e. cycle length) in case the UE does not receive a scheduling PDCCH in the ON duration. In this case, the NW can configure the UE to adaptively increase its C-DRX duration until it starts receiving a scheduled downlink upon which the UE resets the C-DRX configuration to the starting value of C-DRX duration which starts again after the current ON duration is ended. NW provides a set of short and long DRX values (i.e. cycle lengths) instead of two fixed values, or provide two fixed values with an incremental offset to the UE. The UE starts from lower values of DRX and incrementally increase the DRX duration until a scheduling PDCCH is received after which the UE can go back to the default set by the NW. Figure 3 illustrates this approach. The UE could also provide some assistance information to the NW to configure the C-DRX.



Figure 3 An example of adaptive C-DRX configuration with increasing short and long DRX cycle duration

[bookmark: _Toc528959216]In order to reduce PDCCH monitoring related power consumption, adaptive modification of C-DRX configuration can be considered. The adaptation characteristics of C-DRX can be preconfigured by the network. RAN 1 should study the benefits and signaling details of this approach.
[bookmark: _Toc528269407][bookmark: _Toc528269408]3	Power saving techniques for CA adaptation
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 but enhancements to CA activation/deactivation can be considered as 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.
Another solution which is proposed is in the same line as LTE Re15 to define a dormant Scell where the UE is aware that nothing is going to be scheduled on it, except periodic CSI measurements. This solution provides a faster way to activate an Scell as it is not really deactivated but the UE do not need to monitor the PDCCH on it. This can provide some ways for power efficiency. However, the enabling mechanisms particularly from L1 aspect needs to be studied further.
4	Power saving techniques for MIMO adaptation
Reducing the number of antenna elements in a multiple antenna system could potentially lead to lower energy consumption. However, this is mostly the case if the link robustness and throughput can remain intact, otherwise, if a higher throughput can be achieved, thereby the communication time and active time can be reduced, which would reduce energy consumption. 
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 if there is no negative impact on performance metrics including network performance, data rate, reliability and latency.
Conclusion
In this paper, the following proposals were made: 

Proposal 1	For enabling UE power savings, CORESET/SS used for PDCCH monitoring can be adapted based on the operation mode of the UE. The adaptation can also be according to  explicit L1/MAC based signaling to the UE. RAN1 should study the benefits and signaling details for this approach.
Proposal 2	In order to reduce PDCCH monitoring related power consumption, adaptive modification of C-DRX configuration can be considered. The adaptation characteristics of C-DRX can be preconfigured by the network. RAN 1 should study the benefits and signaling details of this approach.
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