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Introduction
In RAN1#86bis, the blank resource indication for forward compatibility was agreed as follows,
· Explicit signaling to NR UEs can indicate reserved resources
· The details on signaling information and transmission are FFS 
· e.g. granularity for blank resource indication
· e.g. RRC signaling and/or L1 signaling (including DL control information)
· e.g. broadcast and/or unicast signaling
· e.g., whether this signaling is applicable to UE UL operation and/or DL operation and/or sidelink operation
· FFS: combination of above signaling
· FFS: time and frequency granularity

It was agreed in RAN1#87 that the reserved resources are indicated by using at RRC signalling as follows,
Agreements:
· At least some reserved resources are indicated by using at least RRC signaling


In RAN1#86, the UE energy consumption and power saving feature in NR frame structure design were agreed in the following,
· 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

The power consumptions related to DL control channel were analyzed in [4]. In LTE, UE is required to decode the PDCCH/EPDCCH to check for its grant when it is not in sleeping mode.  Only small percentage of PDCCH/EPDCCH decoding has the results of positive confirmation of DL/UL grant.   It is observed in [4] that legacy connected mode DRX design and typical parameter settings result in large percentage of power spent in the active state but decoding PDCCH only without any grant in LTE system.     Thus, efficient network access scheme with effectively DL control channel monitoring would minimize UE’s power consumption.   
The blank resource indication serves as a method of power saving and dynamic resource allocation.  If the blank resource is indicated to the UE, UE would make no assumption on the radio resource usage and perform no access to the network.  This allows the network to dynamically allocate the resource for different features, such as network energy saving, interference management, or shared access operation.  This paper discusses configurable UE DL control channel monitoring in NR system design for UE power saving and blank resource indication.  
UE power saving by configurable DL control channel monitoring
The NR system design needs to support efficient network access with minimum power consumption.  One of the most power consuming actions at the UE in LTE is the PDCCH/EPDCCH blind decoding as observed in [4].   Only small percentage of search results from PDCCH/EPDCCH blind decoding passes CRC.  The large power consumption had been spent on the PDCCH/EPDCCH blind decoding for other UEs when UE is not in sleeping mode.   The following two factors lead to the large power consumption of PDCCH/EPDCCH decoding in LTE.

· Robust traffic arrival:  The data traffic arrival is bursty with heavy tail type probabilistic distribution.    The robust data arrival leads to large variation of data inter-arrival time.  The inter-arrival time of data traffic implies unsuccessful PDCCH/EPDCCH decoding for a given UE.  
· PDCCH/EPDCCH decoding per subframe:  UE would decode PDCCH/EPDCCH every subframe to check if there is a DL or UL grant when UE is not on DRX state.    Current device power saving feature for UE in IDLE and inactive state is for the network to configure the device with the DRX cycle for UE in the sleeping mode.   The device wakes up when there is data to transmit.  If 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 time, the DL control channel decoding does not have the results of any DL/UL grant.   The configured DRX length has the trade-off between the amount of energy saving and latency.   If the DRX length is long, the UE will have less energy consumption but high latency in average for the network access.  The most energy efficiency mechanism is the on-demand wakeup by the network.  The device would stay in sleeping mode and will only wake up when the device has data to send or to receive without periodic wakeup.   

The power saving scheme with DRX configuration does not have the mechanism to take into account of the system load and traffic arrival pattern.  If the system load is high, the average resource available for a UE would be inversely proportional scaled down to the number of UEs.   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 at most scheduled instance.  When DL traffic arrives in the light load system, the traffic could be scheduled any time without degradation.   With a shorter scheduling interval, such as slot or mini-slot, the UE could afford skipping a few scheduling instances.  Thus, one possible solution is to have configurable DL control channel monitor period for DL or UL grant as shown in Figure 2-1.   The DL control channel monitor period should be designed based on the latency requirements of specific service.  For URLLC, the period of DL control channel monitor should be short to reduce the end-to-end delay.   For mMTC, the period of DL control channel monitoring could be long to have effective power saving since the inter-arrival time of MTC traffic is long.  
In RAN1#86bis, it was agreed to have UE-specific configuration of control channel monitoring as follows,
Agreements:
· UE-specific DL control information monitoring occasions at least in time domain can be configured

With the 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 monitor period could minimize the UE power consumption on DL control channel decoding.   
Proposal 1:  UE is configured by RRC signaling with a duty cycle of DL control channel monitoring for power saving purpose.  


Figure 2‑1: Time Interval configured for UE to monitor DL control channel


Blank Resource Indication
UE would search the DL and UL grant from the DL control channel at each slot.  If UE is configured with a duty cycle of DL control channel monitoring for power saving resource, UE would search the DL and UL grant only on the slots configured for DL control channel monitoring.   UE will not assume any DL transmission from the network on those slots not configured for DL control channel monitoring.  UE will also not assume any resource for UL transmission if it is not scheduled (dynamic scheduling or semi-persistent scheduling) by the gNB or preconfigured resource pool for grant free operation.  Since it was agreed in RAN1#86bis that UE-specific DL control information monitoring occasions in time domain can be configured, DL control channel monitoring is UE-specifically configured with a duty cycle for the power saving and blank resource indication purposes.   UE should assume the slots not configured as the DL control channel monitoring occasions as blank resource.   
Proposal 2: DL control channel monitoring is UE-specifically configured with a duty cycle for the power saving and blank resource indication purposes by RRC signaling.   UE should assume the slots not configured as the DL control channel monitoring occasions as blank resource.   
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 with duty cycle of DL control channel monitoring by RRC signaling for power saving purpose.     
· Proposal 2:  DL control channel monitoring is UE-specifically configured with a duty cycle for the power saving and blank resource indication purposes by RRC signaling.   UE should assume the slots not configured as the DL control channel monitoring occasions as blank resource.   
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