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1. Introduction
[bookmark: _GoBack]In previous RAN1 meetings, working assumption and agreements were made. For the wake up signal design, several aspects should be considered carefully such as power consumption efficiency, complexity of the UE, and information conveyed by the signal. In this contribution, we discuss the several consideration points for the wake up signal and propose the design of it.
2. Wake up signal design
NSSS like sequence design 
In general, NB-IoT UE should be a low cost and low complexity device. Thus, even if the new feature, the wake up signal, is introduced in Rel-15 NB-IoT, UE complexity and its cost should not be increased too much. However, if we introduce new sequence design for the wake up signal, increasing implementation complexity could not be ignored. Furthermore, if the wake up signal can be used to achieve the DL synchronization, detection complexity can be increased significantly depending on the design. In this perspective, reusing existing receiver algorithm which is already used for another purpose can be a good solution for the wake up signal design. Also, due to the limited time for the Rel-15 specification work, signal design that can minimize the specification work among the RAN groups is preferable. 
NPSS and NSSS is a well-known signal in NB-IoT which performance is already verified. Thus reusing existing synchronization signal design can be the good starting point. Especially, NSSS could be a starting point of wake up signal design according to the agreement in a previous meeting; long ZC sequence which spans multiple OFDM symbols. 
It is obvious that using same NSSS sequence for wake up signal should be avoided; reusing existing signal can make impact on the legacy DL synchronization performance. Therefore, modified signal design based on the NSSS structure should be considered carefully to avoid the negative impact on DL synchronization performance. In this point of view, we can consider two candidates to differentiate wake up signal from NSSS. One possible method is using cyclic shift value different from NSSS. It is well known that correlation of a ZC sequence with any cyclic shift of it is zero. In NB-IoT, only 4 different cyclic shift values is used for NSSS sequence generation; θf = α*33/132 where α={0, 1/4, 2/4, 3/4}. Thus, cyclic shift value other than used for NSSS could be used for wake up signal design. Also, RE level differentiation could be considered as well. RE mapping for existing NSSS follows frequency first and time second order. For example, time first then frequency second RE mapping rule can be used for wake up signal generation to avoid miss understanding between NSSS and wake up signal. Figure 1 (a) and (b) shows an examples of RE mapping method for existing NSSS and wake up signal respectively. According to the evaluation results in section 3, impact on the DL synchronization performance due to the modified NSSS like signal is negligible both for different cyclic shift values with α ={1/8, 3/8, 5/8, 7/8} and different RE mapping rule. These kinds of adjustment of sequence designs do not change the major features of existing NSSS sequence. Thus it could be expected that properties and performance of the wake up signal are almost same with existing NSSS sequence which is verified well during the Rel-13 NB-IoT meetings. Moreover, according to our simulation results in next section, it can be seen that impact on existing NSSS is very negligible when wake up signal design follows NSSS sequence design with simple adjustments. 
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[bookmark: _Ref498622845]Figure 1 Examples of resource element mapping rule

Operation mode
According to the agreement in the last meeting, 11 symbols are used for in-band mode while 14 symbols are used for guard-band and standalone mode. Also it was agreed that length of ZC sequence is 131 for in-band mode. 131 is a maximum prime number among the numbers smaller than 132 which is total number of REs in 11 symbols in a NB-IoT carrier. It is well known that better cross correlation property can be achieved with larger ZC sequence. In the same manner, length of ZC sequence for guard-band and standalone mode could be decided as 167 which is a maximum prime number which can be used in 14 symbols in a NB-IoT carrier. However, using different ZC sequence length for different operation mode may have impact on the receiver complexity. If different ZC sequence length is used, UE have to prepare different receiver structure for different operation mode. Thus using different ZC sequence length for different operation mode is not desirable. 
As described in the agreement in the last meeting, commonality between guard-band/standalone and in-band mode should be considered. In this point of view, using same ZC sequence length for all operation modes could be considered. To reduce the receiver complexity, it would be beneficial to reuse time domain representation of the wake up signal in in-band mode for guard-band/standalone mode. Especially, signal design within 11 consecutive symbols which are commonly used for all operation modes could be designed to have commonality. 
In NSSS sequence, sequence length of ZC sequence and orthogonal binary sequence is shorter than number of available REs. To make 132 length NSSS sequence, cyclic repetition of the sequence is applied to each sequence. For the wake up signal with 14 symbols, same principle can be reused. 
Proposal 1: For the wake up signal design for guard-band/standalone modes, the 11 consecutive symbols in a subframe have same signal design with the wake up signal for in-band mode.

Sequence generation
Based on discussions above, sequence used for the wake up signal can be generated according to equation in proposal 2.
Proposal 2: Sequence used for the wake up signal for all operation modes is generated according to
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As discussed in a previous section, different cyclic shift value from NSSS sequence can be used to avoid an impact on synchronization procedure. According to evaluation results in section3, 4 cyclic shift values which satisfy equation in proposal 4 can be used for the wake up signal generation. 
Proposal 3: For the wake up signal, four cyclic shift values can be used as follows.
[image: ]
For the binary sequence in the wake up signal, sequence design for the NSSS can be reused. There are 4 binary orthogonal sequences in NSSS sequence design. Note that 504 cell ID can be represented by combination of root index of ZC sequence and cyclic shift values. Thus 4 binary sequences can be used for other purpose. For example, it can be used for UE sub-grouping. However, indicating sub-group information by sequence could increase UE complexity and detection performance. If sub-grouping information is conveyed by the wake up signal, multiple hypotheses may be required to UE. Also, cross correlation property among the sequence should be considered too. It is obvious that cross correlation property becomes worse as number of sequence is increased. 
Proposal 4: Binary sequence(s) for NSSS is(are) reused for wake up signal. 
3. Evaluations
In this section, we analyze the performance of the NSSS like wake up signal. We consider evaluation assumptions which is described in [2]. The details of the evaluation assumptions can be found in Appendix. In our evaluation, NSSS like wake up signal designs are considered which are described in previous section. Specifically, we consider two alternatives as follows:
Alt. 1) Use different cyclic shift value from existing NSSS (θf= α*33/132, where α={1/8, 3/8, 5/8, and 7/8})
Alt. 2) Use Gold sequence for cover code (LTE gold sequence)
First, we evaluate the impact on the wake up signal on existing NSSS performance. If wake up signal can be detected during the cell search process using existing NSSS sequence, cell search performance can be degraded due to the miss understanding. So, we evaluated the probability where a UE detects NSSS like wake up signal as existing NSSS during the cell search procedure. As shown in Table 1, impacts on existing NSSS procedure by NSSS like wake up signal design candidates are significantly low. 
[bookmark: _Ref498629868]Table 1
	Candidates
	Detection probability

	Alt.1) Different cyclic shift values
	< 10-3

	Alt.2) Different cover code (Gold seq.)
	< 10-3


Observation 1: Existing NSSS performance is not degraded due to the NSSS like wake up signal with modified cyclic shift value.

For performance comparison among the NSSS like wake up signal design, we evaluate the cross correlation of each sequences. We assume that 2016 sequence can be used for the wake up signal. Note that number of sequence could be smaller than our simulation assumption. For more detail evaluation, we subdivide the sequence candidates as follows:
ZC sequence + Cyclic shift(16)
ZC sequence + Gold sequence(16)
NSSS design with different cyclic shift values
As shown in Table 2 and Figure 2, sequence candidates have similar cross correlation properties. Strictly speaking, correlation property which reuses NSSS sequence design shows the best correlation performance among candidates. 
[bookmark: _Ref506388108]Table 2
	Candidates
	Mean cross correlation
	Max. cross correlation

	ZC seq. + cyclic shift
	0.1618
	0.1770

	ZC seq. + Gold seq.
	0.2606
	0.2727

	ZC seq. + Hadamard seq. +cyclic shift
	0.2180
	0.2707



[bookmark: _Ref506388548]Figure 2
Observation 2: Cross correlation property of ZC sequence + Hadamard sequence + Cyclic shift is slightly better than ZC sequence + Gold sequence.

Next, we evaluate PAPR of wake up signal sequence candidates which could be a critical criterion in signal design. Although the wake up signal is DL signal, good PAPR property can be beneficial In Rel-13 NB-IoT, several candidates for NSSS sequence had discussed and PAPR performance of them are already discussed well. Based on the previous discussions [3], it can be seen that current NSSS sequence design, which uses combination of Hadamard sequence and cyclic shift values, shows better PAPR performance than the sequence design which uses random sequence cover code. In Figure 3, PAPR of ZC sequence with cyclic shift and ZC sequence with random sequence are compared. As shown in this figure PAPR performance with legacy NSSS design is much better than new sequence design with random sequence. Thus, it could be beneficial to use the combination of Hadamard sequence and cyclic shift values for the wake up signal, which is already verified well in existing NSSS sequence design.
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[bookmark: _Ref506390124]Figure 3

To find a required wake up signal duration for NSSS like wake up signal design, we evaluate miss detection performance of the wake up signal itself for different MCL targets. Based on the agreement in a previous meeting, we assume that UE is synchronized prior to wake up signal. Moreover, we assume that a wake-up signal carries one bit information which indicates whether NPDCCH will be transmitted or not. However, it should be noted that wake up signal may require multiple distinguishable sequences if we want to carry more information than that via wake up signal. 
To evaluate a false alarm and miss detection rate, we assume that the wake-up signal is transmitted on continuous subframes. The details of simulation assumptions are described in Appendix. Table 3 shows the evaluation results of wake-up signal miss detection rates with false alarm rates and the given wake-up signal repetition numbers. As shown in the table, required number of repetition of wake up signal depends on target MCL, target false alarm rate and miss detection rate. 

[bookmark: _Ref498633620]Table 3
	164dB
	Repetition number
	32
	64
	128
	256

	
	Miss detection rate
(FAR 1%)
	12.96%
	5.30%
	1.40%
	0.04%

	
	Miss detection rate
(FAR 10%)
	3.08%
	0.66%
	0.08%
	0.02%

	154dB
	Repetition number
	2
	4
	8
	16

	
	Miss detection rate
(FAR 1%)
	10.06%
	5.56%
	2.30%
	0.78%

	
	Miss detection rate
(FAR 10%)
	1.42%
	0.48%
	0.30%
	0.16%

	144dB
	Repetition number
	1
	2
	4
	8

	
	Miss detection rate
(FAR 1%)
	0.30%
	0.16%
	0.06%
	0.04%

	
	Miss detection rate
(FAR 10%)
	0.04%
	0.00%
	0.00%
	0.00%


Observation 3: To satisfy the false alarm 1% and miss detection rate under 1%, 
256 repetition is required for 164dB MCL target
16 repetition is required for 154dB MCL target
Repetition is not required 144dB MCL target
Observation 4: Relaxing target false alarm rate can reduce the number of repetitions.
4. Conclusion
In this contribution, we discussed wake-up signal design and shows evaluation results of it. The proposals of this contribution are summarized as follows.
Proposal 1: For the wake up signal design for guard-band/standalone modes, the 11 consecutive symbols in a subframe have same signal design with the wake up signal for in-band mode.
Proposal 2: Sequence used for the wake up signal for all operation modes is generated according to
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Proposal 3: For the wake up signal, four cyclic shift values can be used as follows.
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Proposal 4: Binary sequence(s) for NSSS is(are) reused for wake up signal.

Observation 1: Existing NSSS performance is not degraded due to the NSSS like wake up signal with modified cyclic shift value or RE mapping rule.
Observation 2: Cross correlation property of ZC sequence + Hadamard sequence + Cyclic shift is slightly better than ZC sequence + Gold sequence.
Observation 3: To satisfy the false alarm 1% and miss detection rate under 1%, 
256 repetition is required for 164dB MCL target
16 repetition is required for 154dB MCL target
Repetition is not required 144dB MCL target
Observation 4: Relaxing target false alarm rate can reduce the number of repetitions.
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6. Appendix.
Table 4
	Parameter
	Value

	Operation Mode
	In-band mode

	Antenna Configuration
	2Tx in BS, 1Rx in UE

	BS Power
	35 dBm

	System BW
	180 kHz

	Operating SNR
	{-16.6, -6.6, 4.6} dB

	Couple Loss
	{164, 154, 144} dBm

	Noise Figure
	9 dB

	Carrier Frequency
	900 MHz

	Channel Model
	TU

	Doppler Spread
	1 Hz

	CRS
	On

	NRS
	On


Table 5
	Operating mode
	Power [units/ms]
	Latencies
	Value (ms)

	Receive
	100
	Synchronization
	{100, 400, 1000}

	Light sleep
	1
	NPDCCH
	{4, 64, 512}

	Idle, deep sleep
	0.015
	NPDSCH
	{4, 64, 512}
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