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1. Introduction

In the last RAN1 meeting, working assumption and agreements were made as follows [1]:

	Working assumption:

· 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.
Agreements:

· For idle mode,

· The power saving signal in a cell supports being applied to FFS between:

a) All the UEs associated to a PO in the cell

b) A group of more than one of the UEs associated to a PO in the cell

c) Both (a) and (b)

· How many POs the power saving signal applies to from the UE perspective is FFS between
· A single PO only
· One or more than one PO (details are FFS)
· How many POs the power saving signal applies to from the eNB perspective is FFS between
· A single PO only 
· One or more than one PO (details are FFS)
· The power saving signal applicable to a UE is sent on the same paging carrier as the associated subsequent physical channel(s)



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. Also, whether relying or not on the external existing DL synchronization signals (e.g. NPSS and NSSS) other than the wake up signal is important because it may affect signal design rule and power consumption efficiency. 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
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. Especially, 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 works, 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. However, reusing existing signal design can make impact on the legacy DL synchronization performance. So modification based on the existing NPSS and/or NSSS structure to avoid the negative impact on DL synchronization procedure should be considered carefully. In the following, we discuss the design of the wake up signal based on the NPSS and/or NSSS structure while avoiding the impact on the legacy synchronization performance.
For the wake up signal with synchronization capability, NPSS structure can be reused. However, impact on the legacy synchronization procedure based on NPSS should be minimized as much as possible. In current NPSS design, single root index and single cover code is used for the sequence. It is well-known that the different root index of ZC sequence has good cross correlation property and this kind of method is usually used for generating different sequences in LTE. Also, some cover code design can be used with low false alarm rate. Thus, changing root index and the cover code can be considered for the wake up signal. On top of these candidates, sequence mapping rule on the resource element can be considered together for the further differentiation between the wake up signal and the existing NPSS. 
Proposal 1: For the wake up signal with synchronization capability, reuse NPSS structure with changing root index, cover code, and/or RE mapping rule. 

If multiple sequences are necessary to convey some information on the wake up signal with synchronization capability which is described above, combination of the root index, cover code and RE mapping rule can be used to generate multiple wake up signal sequences as well. However, information size and its contents should be considered carefully to keep the reasonable performance of the wake up signal and to reduce the UE receiver complexity. 
Alternatively, the wake up signal without synchronization capability can be considered to convey more information on it. In general, frequency domain sequence can be used if the UE achieves the DL synchronization with existing external synchronization signals. It means that the sequence length of the wake up signal without synchronization capability can be longer than the one with synchronization capability. Likewise the NPSS case, modification of NSSS structure for the wake up signal can be considered. In case of the NSSS, root index, phase shift, and cover code can be used to represent the information for the wake up signal. Also, different RE mapping rule from the legacy NSSS can be considered together as well. Figure 1 shows on example of the RE mapping rule for the wake up signal which is different from current NSSS design. 
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Figure 1 Example of the RE mapping rule for the wake up signal based on NSSS design
Another possible candidate for the wake up signal without synchronization capability is random sequence. Especially, UL DMRS sequence can be considered for the wake up signal design which has good PAPR property which can be important to support extreme coverage level UEs. In NB-IoT, 30 different DMRS sequence can be used for 1 PRB length (12 REs). By selecting different combination of DMRS sequences, the new physical signal can convey the information on it. And also, uplink DMRS is not used for DL transmission currently, which means neither the existing DL signals nor channel will be affected by the wake up signal. 

Proposal 2: Multiple wake up signal sequences can be generated by the following methods:
· For the wake up signal with synchronization support: 
· Modify root index of the ZC sequence, cover code, and/or RE mapping rule based on the NPSS design.

· For the wake up signal without synchronization support:

· Modify root index of the ZC sequence, cover code, RE mapping rule, and/or phase shift based on the NSSS design.

· Combination of UL DMRS sequences
Based on the discussion above and evaluation results bellow, the wake up signal with synchronization capability and the wake up signal without synchronization capability has different features and benefits to each other. For example, the wake up signal with synchronization capability can reduce power consumption more than one without synchronization capability. Meanwhile the wake up signal without synchronization capability can provide more information, and scheduling flexibility is better. Thus each method can performs well depends on the scenario and usage. In this point of view, it might be possible to let the network selecting the wake up signal design by supporting both the wake up signal with synchronization capability and one without synchronization capability. Moreover, it might be more beneficial to make it possible using the combination of these two candidate by network choice. For example, the network can use higher layer signaling to indicate the enable/disable the wake up signal candidates separately by using two different filed. Then the network can select which method will be used for power consumption reduction or whether to use both methods in combination or not. 
Proposal 3: To support both synchronization functionality and large number of sequences for wake up signal, wake up signal with synchronization and wake up signal without synchronization above can be used in combination.
· Each method can be enable or disabled by higher layer signaling separately.
3. Evaluations
In this section, we analyze the power consumption efficiency of the wake up signal which is proposed in previous section. Also, we do evaluation of power saving DCI which is proposed in [2]. We consider power consumption model which is described in [3], to evaluate the power consumption efficiency. The details of the power consumption model can be found in Appendix.
First, we compare the performance of wake up-signal candidates for the target false alarm and miss detection rate. We use NPSS for the wake up signal with synchronization capability, and DMRS based signal for the wake up signal without synchronization capability. To compare the pros and cons of these methods, we assume different scenario for each signal candidates; NPSS based wake up signal is detected without monitoring DL synchronization signals while DMRS based signal should require monitoring DL synchronization signal beforehand. Moreover, we assume that a wake-up signal carries one bit information which indicates whether NPDCCH will be transmitted or not. Without loose of generality, we use legacy NPSS design for our evaluation. However, it should be noted that, in reality, NPSS/NSSS cannot be reused as the wake up signal directly without modification since the wake up signal should be distinguished from legacy NPSS/NSSS and the new signal may require multiple distinguishable sequences. 

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 1shows the evaluation results of wake-up signal miss detection rates with the 1% false alarm rates and the given wake-up signal repetition numbers. As shown in the table, required repetition number for the wake up signal without synchronization capability is lower than the one with synchronization capability.
Table 1 Missed detection rate and its repetition number of the wake up signals

	MCL
	Wake up signal with sync capability
	Wake up signal without sync capability

	
	Repetition
	Missed detection rate
	Repetition
	Missed detection rate

	164dB
	256
	0.72%
	80
	1.01%

	154dB
	64
	0.16%
	16
	1.12%

	144dB
	2
	0.84%
	1
	0.98%


Observation 1:
Required repetition number for the wake-up signal without synchronization capability is much shorter than the wake-up signal with synchronization capability.
Note that these repetition numbers of the wake-up signal are decided as minimum required repetition numbers which satisfy 1% false alarm rate and has missed detection ratio almost 1%. In the following, we do our evaluation based on the repetition number in Table 1. 
Table 2 shows the evaluation results of power consumption efficiency of the wake-up signal without paging message. The power consumption efficiency metric is derived by following equation, where PCANDIDATE and PREF are power consumption of the wake-up operation and power consumption of the legacy operation respectively.

Power consumption efficiency = PCANDIDATE/PREF
In our simulation, we consider multiple eDRX cycle and multiple DRX cycle which is described in [ref]. Also, we assume that the wake up signal without synchronization capability requires monitoring existing DL synchronization signals before monitoring the wake up signal, while the wake up signal with synchronization capability can support maximum 1ms timing drift. Note that even if the wake up signal with synchronization capability is used, UE should monitor existing DL synchronization signals periodically if the timing drift value exceeds the 1ms time unit. As shown in Table 2, the wake up signal with synchronization capability performs better than the one without synchronization capability in every scenario. 
Table 2 Power consumption efficiency of wake-up signals
	
	Wake up signal with sync capability
	Wake up signal without sync capability

	
	Scenario A
	Scenario B
	Scenario C
	Scenario A
	Scenario B
	Scenario C

	164dB
	26.7%
	37.4%
	36.8%
	72.8%
	73.3%
	73.1%

	154dB
	31.2%
	45.6%
	44.3%
	90.9%
	90.9%
	89.7%

	144dB
	81.5%
	92.1%
	56.9%
	107.3%
	106.2%
	98.3%


Observation 2:
Wake-up signal can save power consumption of the UE.

Observation 3:
The UE in enhanced coverage can have more benefit than the UE in normal coverage with wake-up signal.
Observation 4:
Wake-up signal with synchronization capability can save more power consumption than the wake up signal without synchronization capability. 
Table 3 shows the evaluation results of power consumption efficiency of the power saving DCI. In our simulation, we consider the power saving DCI can indicate multiple paging occasions with single DCI.  Also, we assume that the synchronization procedure with legacy NPSS/NSSS signals is required before UE starts monitoring multiple search spaces. As shown in Table 3, power consumption efficiency of the new physical channel is larger as larger number of paging occasion can be controlled by the new physical channel. Also, it is observed that power consumption efficiency of the new physical channel is larger as larger repetition level is required for NPDCCH. 
Table 3 Power consumption efficiency of power saving DCI
	Number of indictable POs
	MCL 164dB
	MCL 154dB
	MCL 144dB

	1
	53.36%
	75.02%
	97.2%

	2
	36.59%
	60.10%
	81.47%

	3
	27.96%
	50.19%
	69.7%

	4
	22.70%
	43.12%
	54.19%

	5
	19.15%
	37.83%
	48.34%


Observation 5:
Power saving DCI can save power consumption of the UE.

Observation 6:
Power consumption efficiency of the power saving DCI is larger as larger number of search spaces can be controlled by single DCI.

Observation 7:
The UE in enhanced coverage can have more benefit than the UE in normal coverage with the power saving DCI.
In idle mode case, paging for another UE should be considered for power consumption efficiency evaluation. If there are paging message for another UE which shares same paging occasion, UE should decode NPDCCH and NPDSCH even a UE that does not need to wake up. In this evaluation, we assume the case when MCL is 164dB. 

Table 4 shows the evaluation results on the power consumption efficiency of wake-up signal when another UE paging is considered. As shown in following tables, paging for anther UE decreases the power consumption efficiency of the wake-up signal. In these tables, “X” denotes a probability paging for another UE. It is observed that larger X leads smaller power consumption efficiency.
Table 4 Power consumption efficiency of wake-up signal with 10% paging for another UE
· With synchronization capability
	X (%)
	Number of NPDSCH subframes for paging message before repetition

	
	1
	2
	3
	4
	5
	6
	8
	10

	10%
	40.7%
	44.9%
	48.5%
	51.7%
	54.5%
	57.0%
	59.2%
	61.3%


· Without synchronization capability
	X (%)
	Number of NPDSCH subframes for paging message before repetition

	
	1
	2
	3
	4
	5
	6
	8
	10

	10%
	74.7%
	76.5%
	78.0%
	79.4%
	80.6%
	81.7%
	82.6%
	83.5%


Table 5 shows the evaluation results on the power consumption efficiency of power saving DCI when another UE paging is considered, where it is assumed that DCI contents in a wake up channel can identify 3 UE groups in a same paging occasion. Similar with wake-up signal result, paging for anther UE decrease the power consumption efficiency of the power saving DCI. However, it is shown that the power saving DCI can have more robust performance for another UE paging than the wake-up signal due to the capability of the UE group identification.
Table 5 Power consumption efficiency of new physical channel with X% paging for another UE

	X (%)
	Num.

PO
	Number of NPDSCH subframes for paging message before repetition

	
	
	1
	2
	3
	4
	5
	6
	8
	10

	10%
	1
	54.66%
	55.34%
	56.00%
	56.64%
	57.26%
	57.87%
	59.03%
	60.13%

	
	3
	29.04%
	29.60%
	30.15%
	30.70%
	31.23%
	31.76%
	32.79%
	33.79%

	
	5
	19.98%
	20.41%
	20.83%
	21.25%
	21.67%
	22.08%
	22.89%
	23.68%


Observation 8: Paging for another UE can cause undesired UE power consumption.

Observation 9: Power saving DCI can be more robust than the wake-up signal for another UE paging considering the capability of UE group identification.
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 with synchronization capability, reuse NPSS structure with changing root index, cover code, and/or RE mapping rule. 

Proposal 2: Multiple wake up signal sequences can be generated by the following methods:

· For the wake up signal with synchronization support: 

· Modify root index of the ZC sequence, cover code, and/or RE mapping rule based on the NPSS design.

· For the wake up signal without synchronization support:

· Modify root index of the ZC sequence, cover code, RE mapping rule, and/or phase shift based on the NSSS design.
· Combination of UL DMRS sequences

Proposal 3: To support both synchronization functionality and large number of sequences for wake up signal, wake up signal with synchronization and wake up signal without synchronization above can be used in combination.
· Each method can be enable or disabled by higher layer signaling separately.
Observation 1:
Required repetition number for the wake-up signal without synchronization capability is much shorter than the wake-up signal with synchronization capability.
Observation 2:
Wake-up signal can save power consumption of the UE.

Observation 3:
The UE in enhanced coverage can have more benefit than the UE in normal coverage with wake-up signal.
Observation 4:
Wake-up signal with synchronization capability can save more power consumption than the wake up signal without synchronization capability. 
Observation 5:
Power saving DCI can save power consumption of the UE.

Observation 6:
Power consumption efficiency of the power saving DCI is larger as larger number of search spaces can be controlled by single DCI.

Observation 7:
The UE in enhanced coverage can have more benefit than the UE in normal coverage with the power saving DCI.
Observation 8: Paging for another UE can cause undesired UE power consumption.

Observation 9: Power saving DCI can be more robust than the wake-up signal for another UE paging considering the capability of UE group identification.
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6. Appendix.
Table 6
	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 7
	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}


