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Introduction
In RAN#75, new work item on Further NB-IoT enhancements was approved in [1].  Power consumption reduction is one of the objectives of the fNB-IoT as follows, 
Further latency and power consumption reduction
· Power consumption reduction for physical channels
· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1,  RAN2,  RAN4]
· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]
· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 
· Consider further enhancement of quick release of RRC connection after the last data transmission[RAN2]
· Relaxed monitoring for cell reselection [RAN2, RAN4]
· Enable relaxed UE monitoring for cell (re)selection e.g. by (re)configuration
· Support for physical layer SR [RAN1, RAN2]
· Support for RLC UM in addition to Rel-14 SC-PTM support [RAN2]


The power consumptions related to DL control channel were analyzed in [5]. In LTE, UE is required to decode the PDCCH/EPDCCH on each subframe 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 [5] 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 efficient network access also applies to the paging strategy for IDLE mode UEs.    This paper discusses the UE wakeup mechanism and on-demand access for UE power saving.  
UE Wakeup Mechanism and On-Demand Network Access for UE Power Saving

LTE NB-IoT system supports high density of UEs distribution within an area with large number of connectivity.  However, most of the UEs will be in IDLE state.   UEs need to minimize the power consumption and efficiently access the network when they are in IDLE state.   Current device power saving feature for UE in IDLE 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 PDCCH/EPDCCH decoding does not have the results of any DL/UL grant for the UE.   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.   

An example of the on-demand access is the RFID type of electrical toll collection (ETC) system for collecting the toll of vehicles travelling on the toll road.  The ETC device on the vehicle is a passive device.  It receives the query signals from transmitter in the toll booth and retransmits the responses with the vehicle identification without any power supply.  The backscattering technology is used to trigger the UE to wake up in the sleeping mode without any power supply from the UE.   The backscattering technology is for UE having a highly reactive RF front end to stimulate the electromagnetic wave of the received signals from the gNB.  The RF power is converted into DC power through a voltage rectifier.    The DC voltage is then able to power the control logic of on-demand access trigger as shown in Figure 2-1.     


[image: http://www.ni.com/cms/images/devzone/tut/dhall_RFID_figure5.jpg]
Figure 2‑1 RF front end with backscattering technology for on-demand access
 
The control logic of on-demand access could be designed in the following, 
· Eenergy detector - If the control logic is an energy detector, the device will trigger the on-demand access when the detected received energy exceeds the threshold.   The transmitted signal from the eNB could be a narrow band beacon.    The narrow band beacon would provide high energy concentration for extended coverage.   The control logic with energy detector would be detected by all IDLE UEs in the IDLE mode.   This is good for broadcast type of on-demand access but not UE-specific on-demand access.  

In order to support UE specific on-demand access, multi-beacon backscattering technology is considered.  The control logic of multi-beacon backscattering technology is to have one control logic subunit to associate with each beacon.  The gNB will transmit multiple beacons.  Each beacon is in different frequency sub-band.  Multiple beacons could be transmitted from the eNB in the same time interval or different time interval.    An IDLE mode UE is configured by the gNB with the selected combination of the beacons.  The IDLE mode UE will tune to the energy detector to those sub-bands of the configured beacons.  The control logic will wake up the UE if and only if the energy detection detects the combination of the beacons. For example, 10 beacons are transmitted by the gNB.  If the control logic is designed to receive one distinct beacon, the system will support up to 10 IDLE mode UEs.  If the control logic is designed to receive the combination of 2 distinct beacons out of 10 beacons, the NB-IOT system could support up to 45 IDLE mode UEs.  For the combination of 3 distinct beacons, the NB-IOT system could support 120 IDLE mode UEs.   The energy detection with multi-beacon backscattering could support UE-specific on-demand access with the control logic detecting the energy from the exact combination of beacons.  

· Controller function and state machine – The control logic with controller function and state machine would have the capability of demodulating the received signals. The control logic would needs to demodulates the waveform and decode the contents of the received signals.  The contents of the received signals should be simple and straight forward to avoid complicated control logic function with excessive power consumption.  A simple 8-digit or 16-digit UE IDs or temperate ID could be used as the control logic.  The UE demodulate and decode the received signal and compare with store ID in the state machine to determine whether to wake up or not.  

Proposal 1: The UE should support the on-demand network access with wakeup signal based on backscattering technology to minimize the power consumption.  
Conclusion
This paper discusses on-demand network access for IDLE mode and CONNECTED mode UEs.  LTE NB-IOT system supports high density of UEs/devices within an area with large number of connectivity.   The limitation of radio resource and the robust traffic arrival would make large portion of UEs in IDLE mode.  The on-demand access would allow UE to be in sleeping mode and wake up when there is access on-demand.  The backscattering technology take electromagnetic waves of the receive signals and converts to the DC power to trigger the device wakeup without any power supply from the device itself.  Thus, we propose the following,    
· Proposal 1:   The UE should support the on-demand network access with wakeup signal based on backscattering technology to minimize the power consumption.    
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