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1. Introduction 
In RAN Plenary #75, a new Work Item on Further NB-IoT enhancements (feNB-IoT) has been approved [1]. The objective is to specify some new features for NB-IoT in standalone, guard-band, and in-band operation modes. One of the features is 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]

This contribution provides our view on reducing power consumption by introducing wake-up signal as a new physical signal/channel.

2. Discussion
Reducing the UE power consumption during idle mode is a key to prolonging UE battery life-time. It becomes more important for NB-IoT UE where operation in idle mode can be dominant over connected mode operation. For example, some NB-IoT UEs only operates once or a few times a day to transmit/receive data and spend the rest of the time in idle and/or power saving mode. 
During idle mode, the UE still needs to periodically activate its receiver in paging occasion to receive paging indicators from the e-NodeB. To detect the paging indicator, the LTE UE needs to decode the control channel (PDCCH), which requires high processing power, e.g., the UE at least needs to perform PDCCH blind decoding and channel decoding (e.g. Viterbi decoding). In NB-IoT, it could be even worse as the control channel (NPDCCH) for paging indicator is transmitted with the highest number of repetitions which reflects the maximum extended coverage used in that cell. Moreover, the CRC of the paging indicator is scrambled by P-RNTI, commonly used for all UEs, to identify if there exist a paging message in the subsequent physical downlink shared channel (NPDSCH). After the UE successfully decodes the NPDCCH, it decodes the corresponding NPDSCH for paging message. However, the paging message can consist of the paging information which belongs to other UEs. In this case, the UE has performed an unnecessary operation by overhearing the NPDCCH and NPDSCH of other UEs. 
Observation 1: Decoding of the physical downlink control channel (NPDCCH) for paging is a process in the UE that requires high computation and complexity. Any mechanisms to improve paging detection and to avoid unnecessary monitoring/decoding of the NPDCCH / NPDSCH allocated to that UE can greatly save UE power consumption.

In order to improve paging detection and to avoid unnecessary NPDCCH/NPDSCH decoding in a NB-IoT UE, a wake-up signal to indicate the presence of NPDCCH for a UE can be introduced prior to the NPDCCH/NPDSCH transmission as shown in Figure 1. Here, the wake-up signal is located prior to the NPDCCH. The wake-up signal may not always be in the same carrier as the NPDCCH. A UE that detects the wake-up signal can assume a NPDCCH subsequent transmission.
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Figure 1: Illustration of wake-up signal transmission / allocation for NB-IoT
Proposal 1: In order to reduce UE power consumption in idle mode paging, a wake-up signal is introduced as a new signal/channel in NB-IoT with the purpose to detect the presence of the subsequent NPDCCH.
It is expected that the use of a wake-up signal can reduce the power consumption of the UE that is not paged during a paging occasion as shown in Figure 2.  It is worth mentioning that the instantaneous power consumption during a paging occasion may be similar, but the resulting energy consumption is reduced due to shorter active reception time.
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Figure 2: Paging procedure with and without wake-up signal
Wake-up Signal Design Considerations

Wake-up signal transmission mechanisms have been proposed for many applications/standardizations, e.g., for IEEE 802.11ba, and low-power sensor network applications with low-traffic intensity. In these types of applications, a low-power receiver with low-complexity, i.e, a wake-up receiver (WuRx), in addition to the main receiver (MRx) is used for channel monitoring. The purpose of WuRx is to detect the wake-up signal and trigger the activation of the MRx. The typical characteristics of WuRx is a low-power receiver with low device complexity, and low performance in detecting the signal. The operation of such receivers can reduce UE power consumption as the MRx (a power hungry receiver) may only be activated during active data transmission. The benefit of using WuRxs on reducing UE power consumption was discussed for applications such as video streaming, instant messaging and web-browsing in [3]. 
Observation 2:  A UE with a dedicated low-complex and low-power receiver used to detect a wake-up signal can further minimize the UE power consumption. 

A signal designed to be used received by a dedicated WuRx may not be applicable to legacy NB-IoT UE. Further, a dedicated WuRx may have a different receiver performance characteristics compared to the MRx, which may be needed for e.g. to discuss. Based on the above benefits and drawbacks, we propose to further study whether it is desirable to design a wake-up signal to be received by a dedicated low-power WuRx or the MRx of the UE. 
Proposal 2:  Further analyse potential benefits of receiving the wake-up signal by a dedicated wake up receiver (WuRx) hardware, or by the main receiver (MRx).
The wake-up signal should be designed with certain properties. Specifically, in order to be decoded with a low UE complexity/power it should carry a minimum of information. We consider the wake-up signal only represent an identifier. The identifier may not necessarily correspond to a single UE, but may correspond to a group of UEs. A UE that can detect that wake-up signal with a matching identifier should expect a subsequent transmission (e.g. NPDCCH and NPDSCH). A high level illustration of this operation is shown in Figure 3. Moreover, if the MPDSCH in a paging occasion can be defined with a fixed configuration (e.g. fixed allocation, fixed MCS, etc) then the whole mechanism can be further simplified, for example by removing NPDCCH. 

The Wake-up signal can be generated using certain known sequences (e.g. Zadoff-Chu sequence, M-sequence, etc) or a random bit sequence. At the receiver side, the detection complexity which usually relates to the UE power consumption should be kept low. It should be significantly lower than the complexity of NPDCCH itself. From the network side, it is important to keep the network utilization as optimize as possible. The number of physical resources should be kept minimum and it should be possible to use common resources to wake up more than one UE. The coverage of the wake-up signal transmission should also be considered. For example, it should be considered whether the wake-up signal is targeted for operation in a normal coverage and/or extended coverage or both. It would be beneficial if the network could choose and configure its desired coverage range for the wake-up signal.
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Figure 3: Illustration of wake-up signal mechanism
Proposal 3: The following aspects can be considered in designing a wake-up signal: wake-up signal properties and their impact on the UE detection complexity, required size/resource allocation of the wake-up signal transmission, targeted received signal sensitivity, and the wake-up signal detection performance.  
3. Conclusion

In this contribution we discussed our views on reducing power consumption by introducing a wake-up signal as a new physical signal/channel and we have made the following observations and proposals:
Observation 1: Decoding of the physical downlink control channel (NPDCCH) for paging is a process in the UE that requires high computation and complexity. Any mechanisms to improve paging detection and to avoid unnecessary monitoring/decoding of the NPDCCH / NPDSCH allocated to that UE can greatly save UE power consumption.
Observation 2: A UE with a dedicated low-complex and low-power receiver used to detect a wake-up signal can further minimize the UE power consumption. Proposal 1: In order to reduce UE power consumption in idle mode paging, a wake-up signal is introduced as a new signal/channel in NB-IoT with the purpose to detect the presence of the subsequent NPDCCH.
Proposal 2: Further analyse potential benefits of receiving the wake-up signal by a dedicated wake up receiver (WuRx) hardware, or by the main receiver (MRx).
Proposal 3: The following aspects can be considered in designing a wake-up signal: Wake-up signal properties and its impact on the UE detection complexity, required size/resource allocation of the wake-up signal transmission, targeted received signal sensitivity, and the wake-up signal detection performance.  
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