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In Rel-15, a work item (WI) for enhancement of NB-IoT is agreed. The objective is to further enhance the performance of NB-IoT by further reducing latency and power consumption, improving measurement accuracy, enhancing NPRACH reliability and range, and reducing system acquisition time etc. [1]. To further reduce the UE power consumption, it is agreed to design a physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. In RAN1#90, the following working assumptions are made regarding to the precursor signal that 
“
· For idle mode,
· In specifying a power saving physical signal to indicate whether the UE needs to decode subsequent physical channel(s) for idle mode paging, select a candidate among the following power saving physical signals:
· Wake-up signal or DTX
· Wake-up signal with no DTX
· FFS:
· Information conveyed by the physical signal
· Design of the physical signal
· Resources which can be used for the physical signal, considering scheduling flexibility, overhead, etc.
”
In this contribution, we further discuss the design of the wake-up signal (WUS). 
Power saving signal for paging
[bookmark: _Ref494287353]Design criteria 
In our companion paper [2], we pointed out that the WUS neither can be used for measurement or providing synchronization functions. Therefore, the function of the WUS should be to indicate whether there is paging DCI in a PO. Hence, the procedure of the UE for using WUS should be as illustrated in Figure 1. 


a) UE in DRX



b) UE in eDRX
[bookmark: _Ref494274220]Figure 1 Illustration of the WUS procedures

As we can see from the illustration, the UE should be in sync when processing the WUS. Hence, there is no need for the WUS to support synchronization function. 
Moreover, as there is only one type-1 CSS configured per cell, the WUS should be either be dimensioned for worst UE in the PO or the worst UE in the cell. Therefore, the length of the WUS should not be too long. The coverage of the current NPDCCH is given in Table 1. 

[bookmark: _Ref494275220]Table 1 Performance of NPDCCH
	
	Stand-alone
	In-band

	Number of Reps
	1
	8
	128
	1
	4
	32
	256

	Supported Coupling Loss (dB)
	147.6 
	154.7
	165.2
	139.5
	145.8
	155.3
	164.6



From the results given in Table 1 and the traffic model in [TR 45.820], we can observe that the by using 1 repetition, the NPDCCH can cover around 90% of the UEs in a cell for the standalone case, and around 80% of the UEs for the inband case.  From the RAN1 discussions, it was clear that by UE implementation, a UE does not need to always monitor up to the Rmax. This is because the UE can do early termination based on the measured RSRP and the decoding performance of other channels. Therefore, if the WUS length is long, it would increase the UE monitoring efforts. 
Observation 1: A long WUS increase the UE monitoring efforts and cannot achieved the expected power saving for the WUS. 
[bookmark: _Ref494280664]Wake-up Signal Design
Based on the design criteria discussed in Section 2.1, we would like to have a WUS that should be as short as possible. Follow the discussion in [3], if the WUS needs to support synchronization function, it needs to be significantly longer (around 20 times longer).  
If the WUS does not support synchronization, the ZC sequence based design can be considered as a baseline. The ZC sequence is defined as


[bookmark: OLE_LINK11][bookmark: OLE_LINK12]where the ‘L’ denotes the sequence length. However, it is expected that the WUS should be sent prior to the PO in a continuous manner, it is not necessary to use a short sequence that map to the available REs in one subframe, as discussed in [3]. A longer ZC sequence offers more benefits, e.g., easy to detect, and more roots of the ZC sequence are available for the purpose of interference randomization. The reason that a short ZC sequence is used for NSSS is that there are no continues subframes available for NSSS, but this is not the case for the WUS.  
Proposal 1: [bookmark: _Ref494518010]Consider using a long ZC sequence as the WUS.
Conclusions
In conclusion, we propose that 
Proposal 1: Consider using a long ZC sequence as the WUS.
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