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Introduction
In RAN1#91, the following agreements and working assumption were made on NB-IoT Wake Up Signal (WUS) design 
WUS sequence is based on ZC-sequence
· When designing WUS sequence, negative impact on legacy NSSS detection should be avoided.

Working assumption
· WUS sequence is a sequence mapping within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage.
· Prioritizie to minimize impact on UE synchronization performance.
· FFS: detailed design on time-varying of the WUS signal

This contribution aims to discuss design aspects and provides some examples of design with long ZC sequence for WUS.

Design for WUS
Figure 1 illustrates the pre-synchronization and WUS detection operations. Legacy NPSS and NSSS can be used to do pre-synchronization and confirm device is in same cell for idle paging UE. In case cell ID has changed since device last awake, a typical implementation will determine device is not in the same cell during the NPSS and NSSS detection stage and cell re-selection will be triggered. Further aspects of synchronization and configurations for WUS were addressed in other contributions to this meeting in [1] and [2] respectively.
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Figure 1. Pre-synchronization and WUS detection operations

[bookmark: _Ref481671177]Design of WUS is based on long ZC sequence within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage. As legacy NSSS uses ZC sequence length 131, it is preferable not to re-use the legacy NSSS sequence for ZC sequence to avoid impact from WUS transmission to legacy NSSS detection or avoid impact of legacy NSSS transmission to WUS detection.  A WUS using ZC sequence d(n) with  length NZC=59 mapped to 5 symbols and repeated twice in 1 subframe is shown in Figure 2, where d(n) is expressed as


The mapping of the WUS within the subframe is done as follows
· FD resource mapping : first to resource elements  (k,l)  in sequence starting with d(0)  in increasing order of first the index  k=0,1,..,11 over the 12 assigned subcarriers
· TD resource mapping: then to symbols staring index l=3,4,..,7 and 8, 9, .., 12  over assigned symbols in 1 subframe
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Figure 2 Mapping WUS with NZC=59.
A non-coherent detector is used to detect the WUS as illustrated in Figure 3. A sliding correlator is used with buffered data to accommodate the time drift. In case it is needed, frequency steps may be applied to accommodate the frequency drift. It is assumed that the received BB signal is roughly synchronized from the pre-sync stage using the legacy NPSS and NSSS.  
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Figure 3 Non-coherent WUS detector.
The WUS design example with sequence Nzc=263 and repetitions at high MCL has been simulated in a Link-Level Simulator (LLS). Time offset of several OFDM symbols and frequency offset of several kHz were simulated. The time offset can be in a range of  ± 1 OFDM symbol duration; the frequency offset (normalised to subc=15 kHz) can be in range ±0.4 . TD repetition of WUS design was simulated for 1, 8, 16, 32, 64 repetitions. Channel profile with EPA 3Hz for fast fading was used. The WUS detector threshold was set to achieve a WUS false detection probability << 0.1%.
 
	WUS Missed Detection probability [%]

	TD Repetitions
	1
	8
	16
	32
	64

	Frequency offset
	0
	4.5 kHz
	0
	4.5 kHz
	0
	4.5 kHz
	0
	4.5 kHz
	0
	4.5 kHz

	MCL=144 dB
	0.7
	0.9
	0.6
	0.7
	0.6
	0.6
	0.6
	0.7
	0.6
	0.6

	MCL=154 dB
	1.2
	1.8
	0.6
	0.7
	0.7
	0.8
	0.6
	0.7
	0.6
	0.6

	MCL=164 dB
	20.2
	22.0
	2.8
	3.5
	1.8
	2.3
	1.1
	1.4
	0.8
	1.0



Table 1. WUS detection performance
Proposal 1: WUS design is based on ZC sequence d(n) with  length N=59 mapped to 5 symbols and repeated twice in 1 subframe is adopted for the WUS design.
Proposal 2: The maximum WUS duration is 32 ms

Impact of WUS transmission on legacy NSSS detection
The CDF of inter-cell cross-correlation properties of Nzc x Nzc pairs of cells are given in Figure 4. The WUS with Nzc =59 repeated twice in 1 subframe has same CDF slop as Nzc =131. The max inter-cell cross-correlation for ZC=59 is -7.42 dB, and for ZC=131 it is -7.92 dB.
[image: ]
Figure 4 CDF of inter-cell cross-correlation
 It is desirable not to re-use the ZC sequence with length 131 as used in NSSS to limit impact on legacy device. Using a difference ZC sequence length of 59 is first step to minimize impact on legacy NSSS which uses sequence length of 131.
[bookmark: _GoBack]WUS design based on ZC sequence length of 59 mapped to 5 symbols and repeated twice in 1 subframe can use a cover code with the length-31 Gold sequence.
Observation 1: WUS design based on ZC sequence length of 59 mapped to 5 symbols and repeated twice in 1 subframe can use a cover code with the length-31 Gold sequence. 

Conclusion
In this contribution, we discussed design aspects for the WUS. We further gave an example and provided LLS evaluation.
Proposal 1: WUS design is based on ZC sequence d(n) with  length N=59 mapped to 5 symbols and repeated twice in 1 subframe is adopted for the WUS design.
Proposal 2: The maximum WUS duration is 32 ms
Observation 1: WUS design based on ZC sequence length of 59 mapped to 5 symbols and repeated twice in 1 subframe can use a Gold cover code. 
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