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1 Introduction
In RAN #75 meeting, new WID RP-170852 on Even Further NB-IoT enhancements was agreed as working agreement [1]. One of the objectives is to reduce power consumption.
· 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]

In this contribution, we discuss the wake up signal function for NB-IoT.
2 Discussion on solutions for reduced power consumption
In RAN1 #92bis meeting [2], the following agreement was achieved:
· At least WUS/DTX is supported at least for paging for RRC_IDLE UEs
2.1 Wake up signal in RRC idle mode

The wake up signal can be configured as cell specific or PO specific. Besides paging information, SI update information also is carried by Paging. For SI update information, all the UE in the cell shall receive. Therefore, the resource utilization of cell specific WUS is more efficient than PO specific WUS because cell specific WUS can be used to wake up all the UEs in the cell. 
Both cell specific WUS and PO specific WUS can provide synchronization function. However, For PO specific WUS with synchronization, since the synchronization can only be utilized by specific UE(s) associated with this PO, in terms of resource utilization, it is not efficient. But for cell specific WUS with synchronization, it can be used by all the UEs in the cell for synchronization purpose. 
Proposal 1: Cell specific WUS can be configured for synchronization purpose and SI update information. 
Since the period for synchronization requirement and SI update information is relatively large, in general, relatively large period is configured for cell specific WUS. If cell specific WUS corresponds to all POs within the periodicity of cell specific PO, it may cause large transmission delay of paging. Therefore, cell specific WUS function can be used together with PO specific WUS. All the UEs can use this cell specific WUS for synchronization purpose and SI update information. Additionally, eNB can configure those POs within T1 distance (i.e., N POs within T1) to be waked up by this WUS. Each of the rest POs can be configured with a PO specific WUS for avoiding unnecessary delay of paging information. Based on PO specific WUS, the UE will decide if further PDCCH detection is needed.  

There are three major benefits of joint configuration of cell specific WUS and PO specific WUS. Firstly, considering that WUS signal can be utilized for synchronization purpose, synchronization efficiency can be improved even for the UE whose POs are not associated with cell specific WUS. Secondly, for the UE whose POs are associated with cell specific PO, no extra PO specific WUS is required so the overall system overhead will be reduced. Note the group of UEs whose POs are associated with cell specific WUS is configurable. Thirdly, joint configuration of cell specific WUS and PO specific WUS can reduce the transmission delay of paging.
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Figure 1 Joint cell specific WUS and PO specific WUS

Proposal 2: Joint cell specific WUS and PO specific WUS can be configured to achieve better power saving and avoid unnecessary delay of paging information.

The duration of synchronization function provided by cell specific WUS and PO specific WUS can be different. Considering that synchronization is UE implementation related behavior, the duration of synchronization function that cell specific WUS and PO specific WUS can provide, in unit of DRX cycle, is not required to be configured by eNB.
Proposal 3: The duration of synchronization function that WUS signal can provide, which is in unit of DRX cycle, is not required to be configured.

2.2  Wake up signal in RRC connected mode DRX
If WUS is used for RRC connected mode and the same resource configuration mechanism as in RRC idle mode is used, many UEs in idle mode will be waked up even though there is no NPDCCH transmission. Therefore, instead of saving power consumption, more power consumption would be wasted.  If different resource configuration mechanisms are used for RRC connected mode and RRC idle mode, the signal detection performance would be affected. For example, if different cyclic shifts are used to differentiate idle mode and connected mode, the false detection rate would be increased due to reduced distance between different cyclic shifts. Furthermore, negative impacts on eNB scheduling would be expected if WUS signals consume huge system overhead in RRC connected mode. For a UE in RRC connected mode, since it does not know if the signal is WUS or DTX, it has to detect the signal anyway before blind decoding of NPDCCH. Therefore, the power consumption may be increased. 

Proposal 4: WUS is not used for RRC connected mode.
For RRC connected mode, many solutions were proposed for power consumption reduction except for WUS [3][4]. However, considering the current time plan, the detailed solution can be discussed in the future release.
Proposal 5: The power consumption reduction solution in RRC connected mode can be discussed in the future release.
3 Conclusions

In this contribution, we have discussed the function of wake up signal for NB-IoT. We make the following proposals:
Proposal 1: Cell specific WUS can be configured for synchronization purpose and SI update information. 

Proposal 2: Joint cell specific WUS and PO specific WUS can be configured to achieve better power saving and avoid unnecessary delay of paging information.

Proposal 3: The duration of synchronization function that WUS signal can provide, which is in unit of DRX cycle, is not required to be configured.

Proposal 4: WUS is not used for RRC connected mode.
Proposal 5: The power consumption reduction solution in RRC connected mode can be discussed in the future release.
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