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Introduction
In RAN1#92bis, the following agreements and working assumption were made on NB-IoT Wake Up Signal (WUS) design 
· 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

· When generating power saving signal in a subframe where NRS is assumed to be transmitted, the power saving signal in the subframes shall be generated and mapped in the same way as in other valid subframes where NRS is not assumed to be transmitted;
· WUS is punctured in RE-level by NRSs.

WUS signal in a subframe is as follows,
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where LZC = 131 for inband mode (FFS for SA and GB modes)
· [bookmark: _Hlk511920673]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

This contribution aims to discuss design aspects and provides some examples of design with long ZC sequence for WUS.
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WUS Max Duration 
The use of RE-level cover code with Gold sequences or Hadamard sequences is a robust solution that meets the required performance requirements in LTE and NB-IoT. Hadamard cover codes or Gold cover codes for WUS can be used with minimum impact on specifications. It was shown in [1] that use of a cover code allows differentiation with NSSS, flexibility for network configuration, and has low impact on device implementation complexity and specifications. 
A WUS using ZC sequence d(n) with  length NZC=131 mapped to 11 symbols in 1 subframe is shown in Figure 2, where d(n) is expressed as
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Figure 2 Mapping WUS with NZC=59.
A non-coherent sliding detector is used to detect the WUS. Data is buffered to accommodate the time drift. Frequency steps may be applied to accommodate the frequency drift. The WUS with sequence Nzc=131 was simulated in a Link-Level Simulator (LLS) with time offset and frequency offset at MCL=144 dB, 154 dB, and 164 dB. TD repetition was 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% assuming one WUS per UE per PO configured.

	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
	0.0
	0.2
	0.0
	0.2
	0.0
	0.1
	0.0
	0.2
	0.0
	0.0

	MCL=154 dB
	0.3
	0.8
	0.0
	0.2
	0.0
	0.3
	0.0
	0.2
	0.0
	0.1

	MCL=164 dB
	16.9
	18.3
	2.1
	2.6
	1.1
	1.5
	0.4
	0.8
	0.3
	0.5



Table 1. WUS detection performance
RAN1#92bis agreed that 3 bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS. The maximum value of Rmax is 2048. The simulations show that a maximum value of WUS repetitions of 32 or 64 will be sufficient to meet the requirements with single Tx.  A scaling factor K of at least 32 should be used, where Wmax = floor(Rmax/K).  Assuming 2 Tx transmission (i.e. Tx diversity), larger scaling factors of 64 or 128 could be considered. The value of K=1 corresponds to UE in good coverage where no repetition is needed for NPDCCH on CSS Type 1 or for WUS. 
Proposal 1: The values of scaling factor K between maximum duration of WUS and Rmax associated with type 1 CSS can be 1, 2, 4, 8, 16, 32, 64, 128, where Wmax = floor(Rmax/K).  

WUS with Time-Varying Scrambling 
Time varying subframe-specific WUS design averages worst inter-cell cross-correlation between WUS sequences across repetitions. Assuming small time drift in the order of 1 ms with maximum Rel-13 DRX of 10.24s, synchronization at subframe / symbol level can be assumed [2].  In case of eDRX, the UE can first use its cell search module to acquire synchronization parameters from legacy NPSS/ NSSS and confirm cell ID. Under these assumptions, time varying WUS design does not add to receiver complexity for averaging and early WUS detection termination. 
Observation 1: Time varying WUS design does not add to receiver complexity for averaging and early WUS detection termination. 

The UE is configured with WUS sequence parameters – i.e. ZC root, cover code sequence index, number of repetitions. Whether the WUS configuration is UE specific or UE group specific can be transparent to any UE within the UE group. There can be scenarios where inter-cell WUS configurations overlap. Linking WUS design to UE group can help reduce ambiguity. 
Observation 2: WUS design linked to UE group can help reduce ambiguity in case inter-cell WUS configurations overlap.

The ZC sequence is linked to the cell ID. The cover code multiplexed with the ZC sequence in the frequency domain is also linked to the cell ID. In case of bad cell IDs, there is inter-cell interference between the WUS. The network may not be able to guarantee lower cross correlation properties assuming the cover code is linked to group ID as the number of UE groups is relatively small. In worst case scenario, there is no UE grouping. 
Time domain varying WUS design that is subframe specific can be used to randomnize interference between WUS in case of bad cell ID pairs. A symbol-level scrambling mechanism of Rel-14 NPDCCH/NPDSCH proposed in [3] or phase shift proposed in [4] can be considered. 
Proposal 2: Time varying WUS design can be used to randomnize interference between WUS in case of bad cell ID pairs.

Conclusion
In this contribution, we discussed design aspects for the WUS. We further gave an example and provided LLS evaluation.
Proposal 1: The values of scaling factor K between maximum duration of WUS and Rmax associated with type 1 CSS can be 1, 2, 4, 8, 16, 32, 64, 128, where Wmax = floor(Rmax/K).  
Observation 1: Time varying WUS design does not add to receiver complexity for averaging and early WUS detection termination. 
Observation 2: WUS design linked to UE group can help reduce ambiguity in case inter-cell WUS configurations overlap.
Proposal 2: Time varying WUS design can be used to randomnize interference between WUS in case of bad cell ID pairs.
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