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1 Introduction
In RAN #77 meeting, revised WID RP-172063 on Further NB-IoT enhancements was adopted [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 detailed design of wake up signal for NB-IoT.
2 Discussion on designing wake up signal
In RAN1#92bis meeting [2], the following agreement was achieved for designing wake-up signal: 

WUS signal in a subframe is as follows:
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where LZC = 131 for inband mode (FFS for SA and GB modes)

· FFS RE-level cover codes/RE-level scrambling sequence c(m) using 

· Hadamard codes

· Gold sequences

· M sequences

· FFS phase shift

· FFS detailed design for time-varying 

· 11 symbols for inband mode and 14 symbols for SA and GB modes

· Strive toward as much as possible commonality between SA/GB and inband

· WUS can be time-varying from subframe to subframe.
· Besides information on cell ID, WUS signal is designed based on the following information: 
· UE group ID (if introduced)

· time information of the starting subframe of the WUS or PO (Paging Occasion)
· FFS: (part of) the SFN information
The false detection rate of WUS is increased because the two WUSs belong to two adjacent POs may be overlapped. Therefore, the time information of the starting subframe of the PO should be carried by WUS signal besides information of cell ID. Considering the low probability that two adjacent POs for the same UE locates in one frame, it is enough to use the starting frame index of the PO to represent time information of starting subframe of PO.  
The WUS sequence is also used for time synchronization and the WUS sequence may be transmitted with repetitions. If the sequence of each repetition is exactly the same, timing accuracy cannot be ensured. Therefore, WUS signal should be time-varying from subframe to subframe. In this case, subframe index information needs to be carried in the WUS signal.

Based on the analysis in [3], the UE grouping is not recommended for WUS. Considering the starting frame index of the PO is already carried by WUS signal, it is not necessary to carry SFN information.
Proposal 1: The following information should be carried by WUS signal: cell ID, starting frame index of the PO and the subframe index information of WUS.
Based on agreements in last meeting, Hadamard codes, Gold sequences and M-sequences can be used as 
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. The cross correlation of Hadamard codes is the best of the 3 candidates. But the sequence number of Hadamard is limited. For example, the sequence number of Hadamard codes is only 128. From the perspective of UE detection complexity, the Gold sequence is preferred.
Proposal 2: RE-level cover codes/RE-level scrambling sequence 
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 is Gold sequence.
ZC sequence can be used to convey the information of cell ID. Similar to NSSS, 126 root sequences and 4 cyclic shifts are used. The information of starting frame index of the PO and subframe index information of WUS is carried by Gold sequence. The detail is shown as follow:
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Wherein 
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 is cell ID. 
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 is the root sequence index of ZC sequence and 
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 is the cyclic shift. 
[image: image10.wmf]inital

f

n

 is the starting frame index of the PO. 
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 is the current frame index of WUS signal and 
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is current subframe index of WUS signal. Subframe index information can be expressed by current subframe index of WUS, i.e.,
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. Alternatively, subframe index information can also be expressed by an offset value, wherein the offset value is the number of subframe relative to starting WUS subframe.
Proposal 3: 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,
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In order to further lower the inter-cell interference, the existing sequence-group hopping can be introduced. The detail is:
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Wherein the 
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 and the pseudo-random sequence 
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 at the beginning of every frames. 
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is configured by high-layer signaling. 
Proposal 4: Existing sequence-group hopping of ZC sequence can be introduced to further reduce inter-cell interference. 
For Guard-band and Standalone modes, it is agreed the number of OFDM symbol of WUS signal in one subframe is 14. Considering the complexity of UE implementation, the same WUS signal design in in-band mode can be reused for guard-band and standalone mode unless WUS detection performance cannot be guaranteed. For 14 OFDM symbols, the WUS signal can be generated by cycle expansion of sequences in in-band mode. 
Proposal 5: The same WUS signal design in in-band mode is reused for Guard-band/Standalone mode unless WUS detection performance cannot be guaranteed.
3 Conclusions

In this contribution, we have discussed the detailed design on wake up signal for NB-IoT. We make the following proposals:
Proposal 1: 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 2: RE-level cover codes/RE-level scrambling sequence 
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Proposal 3: 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,
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Proposal 4: Existing sequence-group hopping of ZC sequence can be introduced to further reduce inter-cell interference.

Proposal 5: The same WUS signal design in in-band mode is reused for Guard-band/Standalone mode unless WUS detection performance cannot be guaranteed.
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