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1 Introduction
In RAN #75 meeting, new WID RP-170732 on Even further enhanced MTC for LTE was agreed as working agreement [1]. One of the objectives is to reduce power consumption.
Improved power consumption:

· Power consumption reduction for physical channels [RAN1 lead, RAN2, RAN4]

· Study and, if found beneficial for idle mode paging and/or connected mode DRX, specify physical signal/channel that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel.

· Study and, if found beneficial for connected mode, specify physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL.

In this contribution, we discuss the detailed design on wake up signal for MTC.

2 Discussion on solutions for reduced power consumption
2.1 RRC idle mode

The following agreement was approved in RAN1#92bis meeting [2]: 
· At least WUS/DTX is supported at least for paging for RRC_IDLE UEs
Based on the simulation result in [3], carrying wake up information has very small performance impact on periodic RSS, therefore it is proposed that the RSS introduced can be optionally configured with wake up function. On top of this, PO specific WUS can be configured for portion of UE that only use the synchronization function of the RSS.
Proposal 1: RSS with wake up function and PO specific WUS can be jointly configured to achieve better power saving.

For the resource configuration of the WUS signal, uniform design of MTC and NB-IoT shall be considered.

In frequency domain, considering the uniform design principle, it is preferred that in MTC the WUS signal also spans 1 PRB in frequency. The PRB’s narrowband should be the narrowband where paging is located, and the specific PRB inside the narrowband can be implicitly indicated, for example, from Cell_ID. For repetition of WUS signal, frequency hopping can be used to gain extra diversity. Details of the hopping can follow the similar hopping mechanism of paging. 
Proposal 2: The resource configuration of WUS signal should be uniformly designed for MTC and NB-IoT. 
Proposal 3: PRB used for WUS can be implicitly indicated via paging narrowband and Cell_ID.
Proposal 4: Frequency hopping can be considered for WUS repetition. 

· Details of the hopping can follow the hopping mechanism of paging. 
The agreement of scaling factor was approved in RAN1#92bis meeting [2]: 
· [2] bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS

The information carried in WUS is less than MPDCCH, therefore the maximum duration of WUS may be less than Rmax. Considering the range of Rmax is 1 to 256 and synchronization function is not provided by WUS in MTC, it is enough to use 2 bits to indicate the scaling factors. The scaling factor is [1/2 1/4 1/8 1/16].
Proposal 5: The 2-bit scaling factor is [1/2 1/4 1/8 1/16].
For WUS signal design, uniform design of MTC and NB-IoT is proposed. The detail is shown as follow:
Proposal 6: The following information should be carried by WUS signal: cell ID, starting frame index of the PO and the subframe index information of WUS.
Proposal 7: RE-level cover codes/RE-level scrambling sequence 
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 is Gold sequence.
Proposal 8: ZC sequence can be used to convey the information of cell ID. The Gold sequence can be used to convey the information of starting frame index of the PO and subframe index information of WUS.
Proposal 9: Existing sequence-group hopping of ZC sequence can be introduced to further reduce inter-cell interference.
2.2 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 MPDCCH 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 MPDCCH. Therefore, the power consumption is increased. 

Proposal 10: WUS is not used for RRC connected mode.
For RRC connected mode, many solutions were proposed for power consumption reduction except for WUS [4][5]. However, considering the current time plan, the detailed solutions can be discussed in the future release.
Proposal 11: 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 power consumption reduction for MTC. We make the following proposals:
Proposal 1: RSS with wake up function and PO specific WUS can be jointly configured to achieve better power saving.

Proposal 2: The resource configuration of WUS signal should be uniformly designed for MTC and NB-IoT. 
Proposal 3: PRB used for WUS can be implicitly indicated via paging narrowband and Cell_ID.
Proposal 4: Frequency hopping can be considered for WUS repetition. 

Proposal 5: The 2-bit scaling factor is [1/2 1/4 1/8 1/16].
Proposal 6: The following information should be carried by WUS signal: cell ID, starting frame index of the PO and the subframe index information of WUS.
Proposal 7: RE-level cover codes/RE-level scrambling sequence 
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 is Gold sequence.
Proposal 8: ZC sequence can be used to convey the information of cell ID. The Gold sequence can be used to convey the information of starting frame index of the PO and subframe index information of WUS.
Proposal 9: Existing sequence-group hopping of ZC sequence can be introduced to further reduce inter-cell interference.
Proposal 10: WUS is not used for RRC connected mode DRX.
Proposal 11: The power consumption reduction solution in RRC connected mode can be discussed in the future release.
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