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Introduction
At the RAN1#86 meeting some details on UE energy consumption and power saving feature in the NR frame structure design were agreed as follows,

Agreements:
· Impact of UE DL reception energy consumption should be studied also considering the total power consumption mainly focusing on DoU
· e.g., UE decoding power consumption in the physical layer DL control blind decoding in lack of grant
· e.g., UE decoding power consumption in the slot with the data
· e.g., UE decoding power consumption in the data reception process
· e.g., UE decoding power consumption in the measurement
· e.g., UE decoding power consumption in the SS
· UE power reduction techniques also should be studied

This paper discusses efficient NR network access based on configurable DL control channel monitoring to minimize device power consumption

UE power saving by configurable DL control channel monitoring
In LTE, a UE is required to monitor the PDCCH/EPDCCH for DL assignments or UL grants when it is not in a sleep mode. It was observed in [1] that for LTE connected mode DRX design, and using typical parameter settings, a large percentage of UE power consumption occurs in the active state but with low probability that PDCCH blind decoding would yield a DL/UL grant. In other words, only a small percentage of PDCCH/EPDCCH blind decoding candidates pass CRC. Thus, a large part of a UE’s power consumption in an active state is essentially spent in decoding PDCCHs/EPDCCH candidates that may be transmitted for other UEs.  
The following two factors lead to the large power consumption of PDCCH/EPDCCH decoding in LTE.

· Robust traffic arrival:  data traffic arrival is typically bursty with a heavy tail probability distribution.    As such, data traffic is better characterized by a large variation in data inter-arrival times. This large variance in traffic inter-arrival time makes it difficult to optimize DRX settings with the result that most of the PDCCH/EPDCCH decoding during the DRX active time is still unsuccessful for a given UE (i.e. it does not yield a DL/UL grant for the UE).  
· PDCCH/EPDCCH decoding per subframe: the current power saving feature for a UE in IDLE and inactive states is for the network to configure the UE with a DRX cycle. The UE would decode PDCCH/EPDCCH every subframe to check if there is a DL or UL grant during the active part of the DRX cycle. The device wakes up when there is data to transmit. Otherwise, if there is no data to transmit, the device wakes up periodically and listens to paging or decodes the DL control channel for potential scheduling grant. Most of the time, the DL control channel decoding does not yield a positive confirmation of a DL/UL grant. The configured DRX length is typically a trade-off between energy saving and latency. If the DRX length is long, the UE will have less energy consumption but high latency on average for network access.  A more energy efficient mechanism would be an on-demand wakeup signal from the network.  A device would stay in a sleep mode and will only wake up when the device has data to send or is aperiodically triggered to wake up for data reception.   

The power saving scheme with DRX configuration does not have the mechanism to take into account the system load and traffic arrival pattern.  If the system load is high, the average amount of resources available to a UE would be scaled down in an inversely proportional manner to the number of UEs. Thus, the probability of a UE being scheduled is reduced. 
The UE should not monitor the DL control channels every possible scheduling instance. If the system load is low, the UE could be scheduled in most of the available scheduling instances. When DL traffic arrives in the lightly loaded system, the traffic could be scheduled any time without degradation. With a shorter scheduling interval, such as a slot or mini-slot, the UE could afford skipping a few scheduling instances. Thus, one possible solution is to have configurable DL control channel monitoring period for DL or UL grant as shown in Figure 1. The DL control channel monitoring period should be designed based on the latency requirements of a specific service. For URLLC, the DL control channel monitoring period should be short to reduce the end-to-end delay.  For mMTC, the DL control channel monitoring period could be long to have effective power saving since the inter-arrival time of MTC traffic is long.  
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In RAN1#86bis, it was agreed that a UE can be configured with UE-specific DL control information monitoring occasions at least in time domain. With a configurable DL control channel monitoring duty cycle, the DRX cycle does not need to be long to save power. This would reduce the average data access delay if the DRX cycle could be short. A joint optimization of DRX cycle and DL control channel monitoring period could minimize the UE power consumption related to NR-PDCCH decoding.   

Proposal 1: UE is configured by RRC signaling with a duty cycle for DL control channel monitoring for power saving purpose.  

Blank Resource Indication
A UE monitors the NR-PDCCH in every slot during an active time period. If a UE is configured with a duty cycle for monitoring the NR-PDCCH, as described in the previous section, the UE only monitors the NR-PDCCH in the configured monitoring slots. The UE should not assume any DL transmission in slots where it is not configured to monitor the NR-PDCCH. Furthermore, the UE will not assume any resource for UL transmission if it is not scheduled (dynamic scheduling or semi-persistent scheduling) by the gNB or in a pre-configured resource pool for grant free operation.  Therefore, the UE may assume that slots not configured as the DL control channel monitoring occasions are blank resources.   

Proposal 2: A UE configured with a duty cycle for monitoring the NR-PDCCH may assume that slots not configured for NR-PDCCH monitoring and not scheduled with a DL/UL assignment for the UE are blank resources.   

Conclusion
This paper discusses the UE-specific configuration of DL control channel monitoring for power saving and blank resource indication.  We propose the following, 
· Proposal 1: UE is configured by RRC signaling with a duty cycle of DL control channel monitoring for power saving purpose.  
· Proposal 2: A UE configured with a duty cycle for monitoring the NR-PDCCH may assume that slots not configured for NR-PDCCH monitoring and not scheduled with a DL/UL assignment for the UE are blank resources.   
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