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1 Introduction

In RAN1#90bis, the following agreements were made with respect to the detailed design of power saving signal [1].
Agreements:
· WUS signal is at least cell-specific;

· FFS scrambling of WUS including time varying scrambling

· Long ZC sequence based signal is considered as the starting point for WUS signal:

· FFS: whether the sequence can span over multiple subframes

· FFS: whether accumulated multiplication is applied between sub-sequences from the long ZC sequence to reduce the impact of frequency error;

· FFS: Support transmit diversity for NB-IoT WUS 

· FFS: NSSS like signal is used as the wake-up signal

In this paper, we provide the evaluations for the detection performance and the power consumption of the power saving signal.
2 Sequence design for IDLE mode paging

2.1 Analysis of the NSSS-like sequence
If the power saving signal is designed to support synchronization, then UE should use the power saving signal to finish the timing and frequency estimation, which is similar as the detection of NPSS. 

If WUS is designed as NSSS-like sequence, e.g. a 131-length ZC sequence occupying a subframe, the timing estimation performance relies on the correlation characteristics of the ZC sequence. Under ideal assumptions, the ZC sequence has good correlation structure. However, the correlation characteristics of the ZC sequence cannot be always kept while UE performs the sliding correlation in time domain in the receiver. As the Figure 1 shows, we use the root index 5 and 7 as examples to see the different correlation characteristics of ZC sequence. The ZC with root index 7 is good but the ZC with root index 5 generates many secondary peaks which seriously impact the performance of UE’s detection for WUS.
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 Figure 1: Correlation characteristics of NSSS-like sequence under 0 Hz CFO
The main reason of the changed correlation characteristics of ZC in the receiver is that the ZC sequence is generated in frequency domain and then mapped onto several OFDM symbols, and each OFDM symbol experiences a separate IFFT operation. That means the original ZC sequence is divided in to several segments and each segment goes through an IFFT operator, and this causes non-continuous phase rotation within the ZC sequence which impacts the correlation characteristics.
In LTE, PSS is also a long ZC sequence but has no such a problem because PSS is mapped onto only one OFDM symbol, and then the PSS sequence experiences the IFFT operation as a whole, not per segment. So there is no non-continuous phase rotation issue within the PSS ZC sequence after IFFT operation. In NB-IoT, NPSS is designed as multiple, short, ZC sequences and each ZC sequence also occupies only one OFDM symbol similar with LTE PSS. So NPSS detection also has no such problem. NSSS is designed as a long ZC sequence occupies multiple OFDM symbols, but NSSS detection is following the process of NPSS detection, i.e. NSSS detection is performed after the time synchronization. So UE does not need to perform the sliding correlation (or convolution) operation in the time domain, instead, UE can directly use the FFT operation to restore the initial ZC sequence and do the correlation operation in the frequency domain, which can keep the good correlation characteristics of ZC sequence.

Observation 1: The correlation characteristics of NSSS-like ZC sequence is affected since UE has to detect the WUS in the time domain in receiver.
According to the simulation assumptions in [2], the maximum frequency error of detecting the power saving signal is 5 PPM, which is 4.5 kHz under 900 MHz carrier frequency. This is a key challenge for UE to successfully detect the power saving signal, because it will seriously impact the timing accuracy while UE is searching for the actual position of WUS. 

For example, the ZC sequence with root index 7 has been proved with good correlation characteristics under assumption of no frequency offset in Figure 1. We can further look at its performance under real frequency offset, e.g. 1152Hz (Scenario A) and 4500Hz (Scenario B/C). It can be seen in Figure 2 that the correlation characteristics of ZC sequence is seriously degraded under real frequency offset. In the left figure, there is a correlation peak in a wrong position and with less power than 1 (normalized power of the peak under zero frequency offset), which causes UE either miss the WUS or get a wrong timing position. In the right figure, the situation is even worse due to the increased frequency offset.
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Figure 2: Correlation characteristics of NSSS-like sequence under real CFO

Observation 2: NSSS-like ZC sequence may not be successfully detected under frequency offset.

If using the two-dimensional blind search over time and frequency in the receiver, the processing complexity is large. For example, assuming the frequency error and timing error are 4.5 kHz and 4 ms (the assumption of scenario B in Table 2), and the search step in frequency and time dimension are 50 Hz and 1 sample under 240 kHz sampling rate, then the total times of blind search is about 90*960=86400, which is almost unacceptable for NB-IoT UE. Even if the operation of sliding correlation in time dimension can be replaced by the operation of FFT in the receiver, the total times of FFT is still 90 because UE should do the blind search of the possible frequency errors. The complexity is still prohibitive for NB-IoT UE.

Proposal 1: Not consider NSSS-like ZC sequence for WUS of idle mode paging.

2.2 Differential sequence
As the experience of designing the NPSS shows, the idea of auto-correlation method has been proved in Rel-13 be an effective way to eliminate the impact of the frequency error, and lead to a relatively low complexity for UE in the receiver. So the similar method of using the auto-correlation is preferred in the power saving signal design.

We choose ZC sequence as the basic sequence for the power saving signal since it has been proved the good correlation characteristics both in LTE and NB-IoT. An accumulated multiplication operation on the ZC sequence is applied in the transmitter, because with this handling, the UE in receiver can do the corresponding auto-correlation operation (i.e. differential processing) both to restore the original sequence and to eliminate the impact of the frequency error.

The detailed processing of generating and receiving the differential sequence is shown in this section.

Generation steps

The detailed steps to generate the power saving signal/sequence are shown as follows, and the standalone deployment is used for illustration purpose. Besides, it is assumed that the sequence occupies 1ms, and it can be repeated to meet the coverage requirement.
Transmitter step 1: Generate a 151-length (in this standalone deployment example) ZC sequence, denoted by d, as the equation below. The root index ‘u’ can be an integer within [1,150].
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Transmitter step 2: Extend the sequence d to 156-length through cyclic extension, and denote the new sequence as S.

Transmitter step 3: Divide the sequence S into 13 sub-sequences and each sub-sequence includes 12 consecutive elements of S in turn. Denote the sub-sequences as x1 ~ x13.

Transmitter step 4:  A 12-length sequence (x0) is predefined as the initial sequence and do the accumulated multiplication with  x0 ~ x13 to generate new sequences y0 ~ y13, which satisfies:
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Transmitter step 5: Resource mapping. The sequences y0 ~ y13 are mapped to the 14 OFDM symbols in a subframe respectively.
Transmitter step 6: Do 128-point IFFT and add CP, then get the transmitting signal STX which includes 1920 samples, denoted by
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The above steps are generally illustrated in Figure 3.
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Figure 3: Illustration of the sequence generation

Receiving steps
Receiving step 1: Receive signal during a certain time window, and denote the receiving samples as
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Note: Generally M is larger than N and is decided by the assumed maximum timing error.
Receiving step 2: Differential process, do conjugate multiplication between 
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Note: The actual CP length is 9 or 10 according to the OFDM symbol index; here we approximate with 137 for all cases with tiny impact on the performance.

Receiving step 3: Generate local sequence. Use the STX (
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, from transmitting step 6) to do the differential operation, and denote the result sequence as local.
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Receiving step 4: Use local sequence local to do the sliding correlation (or convolution) operation with the receiving signal
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Receiving step 5: If the detected peak is larger than the pre-defined threshold, then UE decides the power saving signal is WUS, and uses WUS to do the time/frequency synchronization. Otherwise, UE decides the power saving signal is DTX.

Correspondingly, the general receiver processing is shown in Figure 4.
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Figure 4: Illustration of the receiving procedure for the power saving signal
2.3 Benefit of the differential sequence
The differential sequence can keep the good correlation characteristics of ZC sequence. For example, in Section 2.1, we have found that the 131-length ZC sequence with root index 5 has poor correlation characteristics in the receiver. Now we simulate the same sequence (131-length ZC sequence with root index 5) but with the proposed differential method illustrated in 2.2 to see the correlation characteristics of ZC sequence in receiver. As shown in Figure 5, with the differential method, the ZC can keep the good correlation characteristics in receiver no matter how large the frequency offset is.
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Figure 5: Correlation characteristics of differential sequence

Observation 3: The differential sequence based on ZC can keep the good correlation characteristics of ZC in receiver, no matter how large the frequency offset is.

According to the receiving step 2 illustrated in 2.2, the differential process can eliminate the relative phase offset among samples caused by the frequency offset and the channel fading. So UE does not need to do any blind search about the frequency offset etc. Furthermore, different repetitions of WUS can be directly coherently combined after the differential process, because all repetitions have the same phase after the differential process. And this can save the processing complexity of UE because UE can firstly combine different repetitions and then do the sliding correlation operation only once.
Observation 4: Differential sequence is expected to lead low processing complexity of UE in the receiver.
Proposal 2: The WUS is generated as: 

· Step 1: Generate an L-length ZC sequence, denoted by d, as the equation below. The root index ‘u’ can be an integer within [1, L-1]. 
‘L’ is 113 (3 OFDM symbols for PDCCH) or 131 (2 OFDM symbols for PDCCH) or 139 (1 OFDM symbol for PDCCH) in in-band deployment and is 151 otherwise.
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· Step 2: Extend the sequence d to L1-length through cyclic extension, and denote the new sequence as S. 

 ‘L1’ is 120 (3 OFDM symbols for PDCCH) or 132 (2 OFDM symbols for PDCCH) or 144 (1 OFDM symbol for PDCCH) in in-band deployment and is 156 otherwise.
· Step 3: Divide the sequence S into k sub-sequences and each sub-sequence includes 12 consecutive elements of S in turn. Denote the sub-sequences as x1 ~ xk.
‘k’ is 10 (3 OFDM symbols for PDCCH) or 11 (2 OFDM symbols for PDCCH) or 12 (1 OFDM symbol for PDCCH) in in-band deployment and is 13 otherwise.
· Step 4:  a 12-length sequence (x0) is predefined as the initial sequence and do the accumulated multiplication with  x0 ~ xk to generate new sequences y0 ~ yk, which satisfies:
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· Step 5: Resource mapping. The sequences y0 ~ yk are mapped to the available OFDM symbols in a subframe respectively.

3 Sequence differentiation

If the sequence needs to be repeated, then some methods should be considered to make the repetitions different from each other to eliminate the false detection. Otherwise, if all repetitions are exactly the same, UE may wrongly detect the sequence at the start of e.g. the second subframe of the power saving signal which causes serious timing error. 
A method similar as scrambling can be considered that each repetition has a scrambling sequence which is initialized based on the subframe index. Since the sequence is generated according to the subframe index, then different repetitions carry different actual sequences (after scrambling).
Observation 5: If the WUS repetitions are not distinguished, UE may detect WUS at wrong timing position.

According to the agreement, the power saving signal should be cell-specific, then the WUS sequence should be both time-varying and cell specific. A natural way is to add a symbol-level scrambling code on the WUS sequence, and the scrambling code is generated based on both cell ID and subframe index. 
As a reference, the symbol-level scrambling mechanism of Rel-14 NPDCCH/NPDSCH can be considered. That is, the WUS should be multiplied with a scrambling sequence
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 which T represents the length of the WUS sequence. And the scrambling sequence 
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 is generated based on a binary sequence
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The binary sequence 
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is a gold sequence initialized at the start of each WUS subframe. And the initializing seed can be generated as
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In our evaluations in the section 5, we have already applied the scrambling mechanism to the WUS and proved that the scrambling mechanism can achieve a good performance.

To improve the interference randomization, different root indices of the ZC sequence can be further applied to the WUS of different cells. Supposing the sequence length is L, and then the root index of ZC in a cell can be given by:
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Proposal 3: Introduce the symbol-level scrambling mechanism of Rel-14 NPDCCH to the power saving signal. 

Proposal 4: The root index of ZC for WUS is associated with the cell ID, and given by: (L is the sequence length)
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4 Transmit diversity

It is well known that transmit diversity can improve the detection performance of signal/sequence by introducing more time/space diversity gain, so it should also be considered for WUS.
Same as PSS or NPSS, we prefer to not introduce additional limitation to the transmit diversity pattern of WUS and lead it to be implementation choice, with a similar specification as NPSS/NSSS. 
Proposal 5: UE shall not assume that the WUS is transmitted on the same antenna port as any of the downlink reference signals or synchronization signals. The UE shall not assume that the transmissions of the WUS in a given subframe use the same antenna port, or ports, as the WUS in any other subframe. 
5 Evaluations

According to the agreements in [2], evaluation results are provided in this section to show the benefit of the power saving signal for paging.
5.1 Evaluation of the detection performance
5.1.1 Evaluation assumptions

The evaluation assumptions and scenarios are following the agreements in [2]. We list the key assumptions here.
Table 1 Link level simulation assumptions
	Parameter
	Value

	BS TX antenna configuration 
	1 Tx for stand-alone 

	BS power 
	43 dBm stand-alone

	System BW
	180 kHz 

	Band 
	900 MHz 

	Channel model 
	TU 

	Doppler spread 
	1 Hz 

	UE RX antenna configuration
	1 Rx

	UE NF
	9 dB

	Coupling loss
	144, 154, 164 dB


The evaluation scenarios are listed in Table 2. Note that we add a new scenario which represents the option that the WUS is detected under prior synchronization through NPSS/NSSS. So in the new scenario, UE detects the WUS after time/frequency already synchronized.

Table 2 Simulation scenarios 
	Scenario 
	A (w/o prior SYNC)
	B (w/o prior SYNC)
	C (w/o prior SYNC)
	A/B/C (With prior SYNC)

	eDRX cycle [s] 
	-
	20.48 
	327.68 
	/

	DRX cycle [s] 
	2.56 
	1.28 
	1.28 
	/

	#POs/PTW 
	1 
	4 
	4 
	/

	Number of (e)DRX cycles from the previous synchronization
	10
	10
	10
	/

	Timing error (us)
	16.384
	4096
	65536
	+/- 2.08

	Frequency error (Hz)
	1152
	4500
	4500
	+/- 50


5.1.2 Evaluation results

The link level simulation results for the detection performance of the power saving signal are shown as in Table 3 to Table 5.
Table 3 MCL 144dB, Standalone operation mode
	Dimension/Scenarios
	Scenarios

	
	A (w/o prior SYNC)
	B (w/o prior SYNC)
	C (w/o prior SYNC)
	A/B/C (With prior SYNC)

	False alarm rate
	1.00%
	1.00%
	1.00%
	1.00%

	Miss detection rate
	0.00%
	0.00%
	0.00%
	0.20%

	Time estimation error (95%)
	< 2.60 us
	< 3.13 us
	< 3.13 us
	/

	Frequency estimation error (95%)
	< 38 Hz
	< 38 Hz
	< 37 Hz
	/

	Latency (50%)
	1 ms
	1 ms
	1 ms
	1 ms

	Latency (95%)
	1 ms
	1 ms
	1 ms
	1 ms

	Latency (99%)
	2 ms
	2 ms
	2 ms
	1 ms

	Average latency
	1 ms
	1 ms
	1 ms
	1 ms


Table 4 MCL 154dB, Standalone operation mode
	Dimension/Scenarios
	Scenarios

	
	A (w/o prior SYNC)
	B (w/o prior SYNC)
	C (w/o prior SYNC)
	A/B/C (With prior SYNC)

	False alarm rate
	1.00%
	1.00%
	1.00%
	1.00%

	Miss detection rate
	0.10%
	0.50%
	0.20%
	0.00%

	Time estimation error (95%)
	< 2.08 us
	< 3.13 us
	< 3.13 us
	/

	Frequency estimation error (95%)
	< 49 Hz
	< 45 Hz
	< 49 Hz
	/

	Latency (50%)
	1 ms
	1 ms
	2 ms
	1 ms

	Latency (95%)
	11 ms
	13 ms
	16 ms
	1 ms

	Latency (99%)
	24 ms
	36 ms
	35 ms
	29 ms

	Average latency
	3 ms
	4 ms
	4 ms
	2 ms


Table 5 MCL 164dB, Standalone operation mode
	Dimension/Scenarios
	Scenarios

	
	A (w/o prior SYNC)
	B (w/o prior SYNC)
	C (w/o prior SYNC)
	A/B/C (With prior SYNC)

	False alarm rate
	1.00%
	1.00%
	1.00%
	1.00%

	Miss detection rate
	0.10%
	0.40%
	0.30%
	0.00%

	Time estimation error (95%)
	< 2.08 us 
	< 2.08 us 
	< 2.08 us
	/

	Frequency estimation error (95%)
	< 26 Hz
	< 25 Hz
	< 25 Hz
	/

	Latency (50%)
	27 ms
	34 ms
	40 ms
	1 ms

	Latency (95%)
	211 ms
	252 ms
	279 ms
	89 ms

	Latency (99%)
	351 ms
	378 ms
	417 ms
	197 ms

	Average latency
	57 ms
	71 ms
	78 ms
	14 ms


Note that, in our design, UE can use the incremental combinations of WUS subframes to detect the WUS, which means UE does not need to always consume the duration provided in the above tables to successfully detect the WUS. The real latency of UE to detect the WUS is variable statistic. 
The figures of the cumulative distribution function for the WUS detection latency, time estimation error and frequency estimation error are shown in the appendix REF _Ref494357787 \h 
. 
5.2 Power consumption evaluation

5.2.1 Evaluation assumptions

The evaluation assumptions are following the agreements in [2]. To be more convenient to discuss, we list the key assumptions used in our evaluations here.

Table 6 Reference power consumption model
	Operating mode 
	Power [units/ms] 
	Total ramp up or ramp down time [ms]
	Notes 

	Receive 
	100
	
	RF and baseband circuitry

	Light sleep 
	1
	
	Corresponds to maintaining accurate timing by keeping RF frequency reference active.

	Idle, deep sleep 
	0.015
	
	Deep sleep during PSM and eDRX, depending on UE architecture.

	Transitions to or from light sleep
	50
	15
	Boot, reload memory etc.

	Transitions to or from deep sleep
	50
	200
	Boot, reload memory etc., depending on UE architecture.


The assumptions of the latency for each processing during the paging monitoring are shown in Table 7. These assumptions are made based on the contributions [5], [6] and [7]. Note that the assumptions for NPSS/NSSS detection performance are mainly relevant to the Scenario B and C. And for the Scenario A, the NPSS/NSSS detection performance is expected to be better than the table shows due to the smaller time/frequency error. But the performance gap may be not obvious since the detection performance highly relies on the false alarm and miss-detection requirements, and the time/frequency uncertainty has less impact on the detection performance of NPSS/NSSS.
Table 7: Latency assumption during the paging procedure
	Detection Latency during paging procedure (ms)

	Paging NPDCCH Detection Latency for 1% BLER, Standalone

	144dB MCL
	2

	154dB MCL
	46

	164dB MCL
	408

	Paging NPDSCH Detection Latency for 10% BLER, Standalone

	144dB MCL
	4

	154dB MCL
	12

	164dB MCL
	192

	Total Latency of NPSS/NSSS Detection @90%, Standalone

	144dB MCL
	20

	154dB MCL
	60

	164dB MCL
	560


5.2.2 Evaluation cases
Generally we can consider the following cases while evaluating the power saving signal for paging.
· Case 1: There is no P-RNTI scrambled NPDCCH transmitted at a PO (for DRX only) or within a PTW (for eDRX).

· Case 2: There is P-RNTI scrambled NPDCCH at a PO (for DRX only) or within a PTW (for eDRX) which schedules an NPDSCH which includes the NAS identity of the UE.

· Case 3: There is P-RNTI scrambled NPDCCH at PO (for DRX only) or within a PTW (for eDRX) which schedules an NPDSCH which does not include the NAS identity of the UE.

We use the paging rate 10% as the assumptions in the evaluations, and the corresponding probability of each case above is shown in Table 8.

Table 8: Probability of each case
	Probability
	Case 1
	Case 2&3

	@ paging rate 10%
	0.9
	0.1


5.2.3 Evaluation results
The evaluation results for the power consumption reduction are shown in Table 9 to Table 14 REF _Ref497843656 \h 
. And the detailed tables for intermediate results are shown in Appendix. 
In Table 9, Table 11 and Table 13, the performance is given based on the 95% latency of WUS detection, which shows a conservative result of the power saving gain of WUS. In Table 10, Table 12 and Table 14 REF _Ref497843656 \h 
, the performance is given based on the average latency of WUS detection, which shows an average result of the power saving gain of WUS. 
Table 9: PCANDIDATE/PREF for Stand-alone, 144dB MCL, using 95% latency of WUS detection
	PCANDIDATE/PREF 
	Scenario A
	Scenario B
	Scenario C

	without prior SYNC
	62.6%
	88.3%
	90.7%

	with prior SYNC
	98.6%
	99.5%
	99.6%


Table 10: PCANDIDATE/PREF for Stand-alone, 144dB MCL, using average latency of WUS detection
	PCANDIDATE/PREF 
	Scenario A
	Scenario B
	Scenario C

	without prior SYNC
	62.6%
	88.3%
	90.7%

	with prior SYNC
	98.6%
	99.5%
	99.6%


Table 11: PCANDIDATE/PREF for Stand-alone, 154dB MCL, using 95% latency of WUS detection
	PCANDIDATE/PREF 
	Scenario A
	Scenario B
	Scenario C

	without prior SYNC
	35.7%
	66.3%
	72.3%

	with prior SYNC
	71.2%
	84.6%
	86.9%


Table 12: PCANDIDATE/PREF for Stand-alone, 154dB MCL, using average latency of WUS detection
	PCANDIDATE/PREF 
	Scenario A
	Scenario B
	Scenario C

	without prior SYNC
	30.0%
	62.9%
	68.5%

	with prior SYNC
	72.0%
	85.0%
	87.2%


Table 13: PCANDIDATE/PREF for Stand-alone, 164dB MCL, using 95% latency of WUS detection
	PCANDIDATE/PREF 
	Scenario A
	Scenario B
	Scenario C

	without prior SYNC
	29.8%
	40.9%
	45.5%

	with prior SYNC
	72.7%
	75.6%
	76.6%


Table 14: PCANDIDATE/PREF for Stand-alone, 164dB MCL, using average latency of WUS detection
	PCANDIDATE/PREF 
	Scenario A
	Scenario B
	Scenario C

	without prior SYNC
	14.7%
	25.0%
	28.6%

	with prior SYNC
	65.4%
	69.1%
	70.3%


To compare the power saving gain more clearly, the figures based on Table 9 to Table 14 are provided in Figure 6.
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Figure 6: PCANDIDATE/PREF in each case
Based on the evaluation results, we have some observations as follows.

Observation 6: In general, if the power saving signal supports synchronization function, it can reduce the power consumption of UE standby by 10% ~ 85% compared with the legacy mechanism, depending on the (e)DRX cycle and coverage. 

Observation 7: In general, if the power saving signal does not support synchronization function, it can reduce the power consumption of UE standby by 0.4% ~ 35% compared with the legacy mechanism, depending on the (e)DRX cycle and coverage.
Observation 8: The WUS supporting synchronization function provides more power saving gain than not supporting synchronization.
Observation 9: In general, the power reduction brought by power saving signal is more obvious while the (e)DRX cycle is shorter. 

6 Conclusions
In this paper, the detailed sequence design and corresponding evaluations for power saving signal are provided. The following proposals and observations are made.
Proposal 1: Not consider NSSS-like ZC sequence for WUS of idle mode paging.

Proposal 2: The WUS is generated as: 

· Step 1: Generate an L-length ZC sequence, denoted by d, as the equation below. The root index ‘u’ can be an integer within [1, L-1]. 

‘L’ is 113 (3 OFDM symbols for PDCCH) or 131 (2 OFDM symbols for PDCCH) or 139 (1 OFDM symbol for PDCCH) in in-band deployment and is 151 otherwise.
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· Step 2: Extend the sequence d to L1-length through cyclic extension, and denote the new sequence as S. 

 ‘L1’ is 120 (3 OFDM symbols for PDCCH) or 132 (2 OFDM symbols for PDCCH) or 144 (1 OFDM symbol for PDCCH) in in-band deployment and is 156 otherwise.
· Step 3: Divide the sequence S into k sub-sequences and each sub-sequence includes 12 consecutive elements of S in turn. Denote the sub-sequences as x1 ~ xk.
‘k’ is 10 (3 OFDM symbols for PDCCH) or 11 (2 OFDM symbols for PDCCH) or 12 (1 OFDM symbol for PDCCH) in in-band deployment and is 13 otherwise.
· Step 4:  a 12-length sequence (x0) is predefined as the initial sequence and do the accumulated multiplication with  x0 ~ xk to generate new sequences y0 ~ yk, which satisfies:
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· Step 5: Resource mapping. The sequences y0 ~ yk are mapped to the available OFDM symbols in a subframe respectively.

Proposal 3: Introduce the symbol-level scrambling mechanism of Rel-14 NPDCCH to the power saving signal. 

Proposal 4: The root index of ZC for WUS is associated with the cell ID, and given by: (L is the sequence length)
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Proposal 5: UE shall not assume that the WUS is transmitted on the same antenna port as any of the downlink reference signals or synchronization signals. The UE shall not assume that the transmissions of the WUS in a given subframe use the same antenna port, or ports, as the WUS in any other subframe. 

Observation 1: The correlation characteristics of NSSS-like ZC sequence is affected since UE has to detect the WUS in the time domain in receiver.

Observation 2: NSSS-like ZC sequence may not be successfully detected under frequency offset.

Observation 3: The differential sequence based on ZC can keep the good correlation characteristics of ZC in receiver, no matter how large the frequency offset is.

Observation 4: Differential sequence is expected to lead low processing complexity of UE in the receiver.

Observation 5: If the WUS repetitions are not distinguished, UE may detect WUS at wrong timing position.

Observation 6: In general, if the power saving signal supports synchronization function, it can reduce the power consumption of UE standby by 10% ~ 85% compared with the legacy mechanism, depending on the (e)DRX cycle and coverage. 

Observation 7: In general, if the power saving signal does not support synchronization function, it can reduce the power consumption of UE standby by 0.4% ~ 35% compared with the legacy mechanism, depending on the (e)DRX cycle and coverage.

Observation 8: The WUS supporting synchronization function provides more power saving gain than not supporting synchronization.

Observation 9: In general, the power reduction brought by power saving signal is more obvious while the (e)DRX cycle is shorter. 
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Appendix 1: Intermediate results for evaluation in section 5.2.3
Using 95% latency of WUS detection
Scenario A

	Power efficiency (standalone 164MCL), Scenario A, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	750
	750
	750
	750

	Synchronization
	56000
	0
	56000
	0

	Detect WUS
	0
	21100
	0
	21100

	Monitor Type1-CSS
	40800
	0
	40800
	40800

	Decode paging message
	0
	0
	19200
	19200

	Light sleep in the DRX cycle
	1577
	2334
	1385
	1734

	Deep sleep in the DRX cycle
	0
	0
	0
	0

	Total
	99127
	24184
	118135
	83584

	PCANDIDATE/PREF
	24.40%
	70.75%


	Power efficiency (standalone 154MCL), Scenario A, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	750
	750
	750
	750

	Synchronization
	6000
	0
	6000
	0

	Detect WUS
	0
	1100
	0
	1100

	Monitor Type1-CSS
	4600
	0
	4600
	4600

	Decode paging message
	0
	0
	1200
	1200

	Light sleep in the DRX cycle
	2439
	2534
	2427
	2476

	Deep sleep in the DRX cycle
	0
	0
	0
	0

	Total
	13789
	4384
	14977
	10126

	PCANDIDATE/PREF
	31.79%
	67.61%


	Power efficiency (standalone 144MCL), Scenario A, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	750
	750
	750
	750

	Synchronization
	2000
	0
	2000
	0

	Detect WUS
	0
	100
	0
	100

	Monitor Type1-CSS
	200
	0
	200
	200

	Decode paging message
	0
	0
	400
	400

	Light sleep in the DRX cycle
	2523
	2544
	2519
	2538

	Deep sleep in the DRX cycle
	0
	0
	0
	0

	Total
	5473
	3394
	5869
	3988

	PCANDIDATE/PREF
	62.01%
	67.95%


	Power efficiency (standalone 164MCL), Scenario A, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	750
	750
	750
	750

	Synchronization
	56000
	56000
	56000
	56000

	Detect WUS
	0
	8900
	0
	8900

	Monitor Type1-CSS
	40800
	0
	40800
	40800

	Decode paging message
	0
	0
	19200
	19200

	Light sleep in the DRX cycle
	1577
	1896
	1385
	1296

	Deep sleep in the DRX cycle
	0
	0
	0
	0

	Total
	99127
	67546
	118135
	126946

	PCANDIDATE/PREF
	68.14%
	107.46%


	Power efficiency (standalone 154MCL), Scenario A, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	750
	750
	750
	750

	Synchronization
	6000
	6000
	6000
	6000

	Detect WUS
	0
	100
	0
	100

	Monitor Type1-CSS
	4600
	0
	4600
	4600

	Decode paging message
	0
	0
	1200
	1200

	Light sleep in the DRX cycle
	2439
	2484
	2427
	2426

	Deep sleep in the DRX cycle
	0
	0
	0
	0

	Total
	13789
	9334
	14977
	15076

	PCANDIDATE/PREF
	67.69%
	100.66%


	Power efficiency (standalone 144MCL), Scenario A, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	750
	750
	750
	750

	Synchronization
	2000
	2000
	2000
	2000

	Detect WUS
	0
	100
	0
	100

	Monitor Type1-CSS
	200
	0
	200
	200

	Decode paging message
	0
	0
	400
	400

	Light sleep in the DRX cycle
	2523
	2524
	2519
	2518

	Deep sleep in the DRX cycle
	0
	0
	0
	0

	Total
	5473
	5374
	5869
	5968

	PCANDIDATE/PREF
	98.19%
	101.69%


Scenario B

	Power efficiency (standalone 164MCL), Scenario B, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	56000
	0
	56000
	0

	Detect WUS
	0
	25200
	0
	25200

	Monitor Type1-CSS
	40800
	0
	40800
	40800

	Decode paging message
	0
	0
	19200
	19200

	Light sleep in the DRX cycle
	4152
	4868
	3960
	4268

	Deep sleep in the DRX cycle
	227.4
	227.4
	227.4
	227.4

	Total
	111179.4
	40295.4
	130187.4
	99695.4

	PCANDIDATE/PREF
	36.24%
	76.58%


	Power efficiency (standalone 154MCL), Scenario B, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	6000
	0
	6000
	0

	Detect WUS
	0
	1300
	0
	1300

	Monitor Type1-CSS
	4600
	0
	4600
	4600

	Decode paging message
	0
	0
	1200
	1200

	Light sleep in the DRX cycle
	5014
	5107
	5002
	5049

	Deep sleep in the DRX cycle
	227.4
	227.4
	227.4
	227.4

	Total
	25841.4
	16634.4
	27029.4
	22376.4

	PCANDIDATE/PREF
	64.37%
	82.79%


	Power efficiency (standalone 144MCL), Scenario B, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	2000
	0
	2000
	0

	Detect WUS
	0
	100
	0
	100

	Monitor Type1-CSS
	200
	0
	200
	200

	Decode paging message
	0
	0
	400
	400

	Light sleep in the DRX cycle
	5098
	5119
	5094
	5113

	Deep sleep in the DRX cycle
	227.4
	227.4
	227.4
	227.4

	Total
	17525.4
	15446.4
	17921.4
	16040.4

	PCANDIDATE/PREF
	88.14%
	89.50%


	Power efficiency (standalone 164MCL), Scenario B, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	56000
	56000
	56000
	56000

	Detect WUS
	0
	8900
	0
	8900

	Monitor Type1-CSS
	40800
	0
	40800
	40800

	Decode paging message
	0
	0
	19200
	19200

	Light sleep in the DRX cycle
	4152
	4471
	3960
	3871

	Deep sleep in the DRX cycle
	227.4
	227.4
	227.4
	227.4

	Total
	111179.4
	79598.4
	130187.4
	138998.4

	PCANDIDATE/PREF
	71.59%
	106.77%


	Power efficiency (standalone 154MCL), Scenario B, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	6000
	6000
	6000
	6000

	Detect WUS
	0
	100
	0
	100

	Monitor Type1-CSS
	4600
	0
	4600
	4600

	Decode paging message
	0
	0
	1200
	1200

	Light sleep in the DRX cycle
	5014
	5059
	5002
	5001

	Deep sleep in the DRX cycle
	227.4
	227.4
	227.4
	227.4

	Total
	25841.4
	21386.4
	27029.4
	27128.4

	PCANDIDATE/PREF
	82.76%
	100.37%


	Power efficiency (standalone 144MCL), Scenario B, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	2000
	2000
	2000
	2000

	Detect WUS
	0
	100
	0
	100

	Monitor Type1-CSS
	200
	0
	200
	200

	Decode paging message
	0
	0
	400
	400

	Light sleep in the DRX cycle
	5098
	5099
	5094
	5093

	Deep sleep in the DRX cycle
	227.4
	227.4
	227.4
	227.4

	Total
	17525.4
	17426.4
	17921.4
	18020.4

	PCANDIDATE/PREF
	99.44%
	100.55%


Scenario C

	Power efficiency (standalone 164MCL), Scenario C, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	56000
	0
	56000
	0

	Detect WUS
	0
	27900
	0
	27900

	Monitor Type1-CSS
	40800
	0
	40800
	40800

	Decode paging message
	0
	0
	19200
	19200

	Light sleep in the DRX cycle
	4152
	4841
	3960
	4241

	Deep sleep in the DRX cycle
	4835.4
	4835.4
	4835.4
	4835.4

	Total
	115787.4
	47576.4
	134795.4
	106976.4

	PCANDIDATE/PREF
	41.09%
	79.36%


	Power efficiency (standalone 154MCL), Scenario C, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	6000
	0
	6000
	0

	Detect WUS
	0
	1600
	0
	1600

	Monitor Type1-CSS
	4600
	0
	4600
	4600

	Decode paging message
	0
	0
	1200
	1200

	Light sleep in the DRX cycle
	5014
	5104
	5002
	5046

	Deep sleep in the DRX cycle
	4835.4
	4835.4
	4835.4
	4835.4

	Total
	30449.4
	21539.4
	31637.4
	27281.4

	PCANDIDATE/PREF
	70.74%
	86.23%


	Power efficiency (standalone 144MCL), Scenario C, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	2000
	0
	2000
	0

	Detect WUS
	0
	100
	0
	100

	Monitor Type1-CSS
	200
	0
	200
	200

	Decode paging message
	0
	0
	400
	400

	Light sleep in the DRX cycle
	5098
	5119
	5094
	5113

	Deep sleep in the DRX cycle
	4835.4
	4835.4
	4835.4
	4835.4

	Total
	22133.4
	20054.4
	22529.4
	20648.4

	PCANDIDATE/PREF
	90.61%
	91.65%


	Power efficiency (standalone 164MCL), Scenario C, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	56000
	56000
	56000
	56000

	Detect WUS
	0
	8900
	0
	8900

	Monitor Type1-CSS
	40800
	0
	40800
	40800

	Decode paging message
	0
	0
	19200
	19200

	Light sleep in the DRX cycle
	4152
	4471
	3960
	3871

	Deep sleep in the DRX cycle
	4835.4
	4835.4
	4835.4
	4835.4

	Total
	115787.4
	84206.4
	134795.4
	143606.4

	PCANDIDATE/PREF
	72.73%
	106.54%


	Power efficiency (standalone 154MCL), Scenario C, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	6000
	6000
	6000
	6000

	Detect WUS
	0
	100
	0
	100

	Monitor Type1-CSS
	4600
	0
	4600
	4600

	Decode paging message
	0
	0
	1200
	1200

	Light sleep in the DRX cycle
	5014
	5059
	5002
	5001

	Deep sleep in the DRX cycle
	4835.4
	4835.4
	4835.4
	4835.4

	Total
	30449.4
	25994.4
	31637.4
	31736.4

	PCANDIDATE/PREF
	85.37%
	100.31%


	Power efficiency (standalone 144MCL), Scenario C, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	2000
	2000
	2000
	2000

	Detect WUS
	0
	100
	0
	100

	Monitor Type1-CSS
	200
	0
	200
	200

	Decode paging message
	0
	0
	400
	400

	Light sleep in the DRX cycle
	5098
	5099
	5094
	5093

	Deep sleep in the DRX cycle
	4835.4
	4835.4
	4835.4
	4835.4

	Total
	22133.4
	22034.4
	22529.4
	22628.4

	PCANDIDATE/PREF
	99.55%
	100.44%


Using average latency of WUS detection 

Scenario A

	Power efficiency (standalone 164MCL), Scenario A, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	750
	750
	750
	750

	Synchronization
	56000
	0
	56000
	0

	Detect WUS
	0
	5700
	0
	5700

	Monitor Type1-CSS
	40800
	0
	40800
	40800

	Decode paging message
	0
	0
	19200
	19200

	Light sleep in the DRX cycle
	1577
	2488
	1385
	1888

	Deep sleep in the DRX cycle
	0
	0
	0
	0

	Total
	99127
	8938
	118135
	68338

	PCANDIDATE/PREF
	9.02%
	57.85%


	Power efficiency (standalone 154MCL), Scenario A, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	750
	750
	750
	750

	Synchronization
	6000
	0
	6000
	0

	Detect WUS
	0
	300
	0
	300

	Monitor Type1-CSS
	4600
	0
	4600
	4600

	Decode paging message
	0
	0
	1200
	1200

	Light sleep in the DRX cycle
	2439
	2542
	2427
	2484

	Deep sleep in the DRX cycle
	0
	0
	0
	0

	Total
	13789
	3592
	14977
	9334

	PCANDIDATE/PREF
	26.05%
	62.32%


	Power efficiency (standalone 144MCL), Scenario A, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	750
	750
	750
	750

	Synchronization
	2000
	0
	2000
	0

	Detect WUS
	0
	100
	0
	100

	Monitor Type1-CSS
	200
	0
	200
	200

	Decode paging message
	0
	0
	400
	400

	Light sleep in the DRX cycle
	2523
	2544
	2519
	2538

	Deep sleep in the DRX cycle
	0
	0
	0
	0

	Total
	5473
	3394
	5869
	3988

	PCANDIDATE/PREF
	62.01%
	67.95%


	Power efficiency (standalone 164MCL), Scenario A, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	750
	750
	750
	750

	Synchronization
	56000
	56000
	56000
	56000

	Detect WUS
	0
	1400
	0
	1400

	Monitor Type1-CSS
	40800
	0
	40800
	40800

	Decode paging message
	0
	0
	19200
	19200

	Light sleep in the DRX cycle
	1577
	1971
	1385
	1371

	Deep sleep in the DRX cycle
	0
	0
	0
	0

	Total
	99127
	60121
	118135
	119521

	PCANDIDATE/PREF
	60.65%
	101.17%


	Power efficiency (standalone 154MCL), Scenario A, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	750
	750
	750
	750

	Synchronization
	6000
	6000
	6000
	6000

	Detect WUS
	0
	200
	0
	200

	Monitor Type1-CSS
	4600
	0
	4600
	4600

	Decode paging message
	0
	0
	1200
	1200

	Light sleep in the DRX cycle
	2439
	2483
	2427
	2425

	Deep sleep in the DRX cycle
	0
	0
	0
	0

	Total
	13789
	9433
	14977
	15175

	PCANDIDATE/PREF
	68.41%
	101.32%


	Power efficiency (standalone 144MCL), Scenario A, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	750
	750
	750
	750

	Synchronization
	2000
	2000
	2000
	2000

	Detect WUS
	0
	100
	0
	100

	Monitor Type1-CSS
	200
	0
	200
	200

	Decode paging message
	0
	0
	400
	400

	Light sleep in the DRX cycle
	2523
	2524
	2519
	2518

	Deep sleep in the DRX cycle
	0
	0
	0
	0

	Total
	5473
	5374
	5869
	5968

	PCANDIDATE/PREF
	98.19%
	101.69%


Scenario B

	Power efficiency (standalone 164MCL), Scenario B, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	56000
	0
	56000
	0

	Detect WUS
	0
	7100
	0
	7100

	Monitor Type1-CSS
	40800
	0
	40800
	40800

	Decode paging message
	0
	0
	19200
	19200

	Light sleep in the DRX cycle
	4152
	5049
	3960
	4449

	Deep sleep in the DRX cycle
	227.4
	227.4
	227.4
	227.4

	Total
	111179.4
	22376.4
	130187.4
	81776.4

	PCANDIDATE/PREF
	20.13%
	62.81%


	Power efficiency (standalone 154MCL), Scenario B, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	6000
	0
	6000
	0

	Detect WUS
	0
	400
	0
	400

	Monitor Type1-CSS
	4600
	0
	4600
	4600

	Decode paging message
	0
	0
	1200
	1200

	Light sleep in the DRX cycle
	5014
	5116
	5002
	5058

	Deep sleep in the DRX cycle
	227.4
	227.4
	227.4
	227.4

	Total
	25841.4
	15743.4
	27029.4
	21485.4

	PCANDIDATE/PREF
	60.92%
	79.49%


	Power efficiency (standalone 144MCL), Scenario B, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	2000
	0
	2000
	0

	Detect WUS
	0
	100
	0
	100

	Monitor Type1-CSS
	200
	0
	200
	200

	Decode paging message
	0
	0
	400
	400

	Light sleep in the DRX cycle
	5098
	5119
	5094
	5113

	Deep sleep in the DRX cycle
	227.4
	227.4
	227.4
	227.4

	Total
	17525.4
	15446.4
	17921.4
	16040.4

	PCANDIDATE/PREF
	88.14%
	89.50%


	Power efficiency (standalone 164MCL), Scenario B, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	56000
	56000
	56000
	56000

	Detect WUS
	0
	1400
	0
	1400

	Monitor Type1-CSS
	40800
	0
	40800
	40800

	Decode paging message
	0
	0
	19200
	19200

	Light sleep in the DRX cycle
	4152
	4546
	3960
	3946

	Deep sleep in the DRX cycle
	227.4
	227.4
	227.4
	227.4

	Total
	111179.4
	72173.4
	130187.4
	131573.4

	PCANDIDATE/PREF
	64.92%
	101.06%


	Power efficiency (standalone 154MCL), Scenario B, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	6000
	6000
	6000
	6000

	Detect WUS
	0
	200
	0
	200

	Monitor Type1-CSS
	4600
	0
	4600
	4600

	Decode paging message
	0
	0
	1200
	1200

	Light sleep in the DRX cycle
	5014
	5058
	5002
	5000

	Deep sleep in the DRX cycle
	227.4
	227.4
	227.4
	227.4

	Total
	25841.4
	21485.4
	27029.4
	27227.4

	PCANDIDATE/PREF
	83.14%
	100.73%


	Power efficiency (standalone 144MCL), Scenario B, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	2000
	2000
	2000
	2000

	Detect WUS
	0
	100
	0
	100

	Monitor Type1-CSS
	200
	0
	200
	200

	Decode paging message
	0
	0
	400
	400

	Light sleep in the DRX cycle
	5098
	5099
	5094
	5093

	Deep sleep in the DRX cycle
	227.4
	227.4
	227.4
	227.4

	Total
	17525.4
	17426.4
	17921.4
	18020.4

	PCANDIDATE/PREF
	99.44%
	100.55%


Scenario C

	Power efficiency (standalone 164MCL), Scenario C, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	56000
	0
	56000
	0

	Detect WUS
	0
	7800
	0
	7800

	Monitor Type1-CSS
	40800
	0
	40800
	40800

	Decode paging message
	0
	0
	19200
	19200

	Light sleep in the DRX cycle
	4152
	5042
	3960
	4442

	Deep sleep in the DRX cycle
	4835.4
	4835.4
	4835.4
	4835.4

	Total
	115787.4
	27677.4
	134795.4
	87077.4

	PCANDIDATE/PREF
	23.90%
	64.60%


	Power efficiency (standalone 154MCL), Scenario C, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	6000
	0
	6000
	0

	Detect WUS
	0
	400
	0
	400

	Monitor Type1-CSS
	4600
	0
	4600
	4600

	Decode paging message
	0
	0
	1200
	1200

	Light sleep in the DRX cycle
	5014
	5116
	5002
	5058

	Deep sleep in the DRX cycle
	4835.4
	4835.4
	4835.4
	4835.4

	Total
	30449.4
	20351.4
	31637.4
	26093.4

	PCANDIDATE/PREF
	66.84%
	82.48%


	Power efficiency (standalone 144MCL), Scenario C, without prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	2000
	0
	2000
	0

	Detect WUS
	0
	100
	0
	100

	Monitor Type1-CSS
	200
	0
	200
	200

	Decode paging message
	0
	0
	400
	400

	Light sleep in the DRX cycle
	5098
	5119
	5094
	5113

	Deep sleep in the DRX cycle
	4835.4
	4835.4
	4835.4
	4835.4

	Total
	22133.4
	20054.4
	22529.4
	20648.4

	PCANDIDATE/PREF
	90.61%
	91.65%


	Power efficiency (standalone 164MCL), Scenario C, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	56000
	56000
	56000
	56000

	Detect WUS
	0
	1400
	0
	1400

	Monitor Type1-CSS
	40800
	0
	40800
	40800

	Decode paging message
	0
	0
	19200
	19200

	Light sleep in the DRX cycle
	4152
	4546
	3960
	3946

	Deep sleep in the DRX cycle
	4835.4
	4835.4
	4835.4
	4835.4

	Total
	115787.4
	76781.4
	134795.4
	136181.4

	PCANDIDATE/PREF
	66.31%
	101.03%


	Power efficiency (standalone 154MCL), Scenario C, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	6000
	6000
	6000
	6000

	Detect WUS
	0
	200
	0
	200

	Monitor Type1-CSS
	4600
	0
	4600
	4600

	Decode paging message
	0
	0
	1200
	1200

	Light sleep in the DRX cycle
	5014
	5058
	5002
	5000

	Deep sleep in the DRX cycle
	4835.4
	4835.4
	4835.4
	4835.4

	Total
	30449.4
	26093.4
	31637.4
	31835.4

	PCANDIDATE/PREF
	85.69%
	100.63%


	Power efficiency (standalone 144MCL), Scenario C, with prior SYNC by NPSS/NSSS

	　
	Case 1
	Case 2&3

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up/down
	10000
	10000
	10000
	10000

	Synchronization
	2000
	2000
	2000
	2000

	Detect WUS
	0
	100
	0
	100

	Monitor Type1-CSS
	200
	0
	200
	200

	Decode paging message
	0
	0
	400
	400

	Light sleep in the DRX cycle
	5098
	5099
	5094
	5093

	Deep sleep in the DRX cycle
	4835.4
	4835.4
	4835.4
	4835.4

	Total
	22133.4
	22034.4
	22529.4
	22628.4

	PCANDIDATE/PREF
	99.55%
	100.44%


Appendix 2: Figures of the evaluation results in section 5.1.2
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Figure 7: CDF of the detection latency for WUS under 144dB MCL
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Figure 8: CDF of the detection latency for WUS under 154dB MCL
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Figure 9: CDF of the detection latency for WUS under 164dB MCL
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Figure 10: CDF of the time/frequency estimation error after detecting WUS under 144dB MCL

[image: image60.png]Standalone

——Scenario A,154dB

2 4 6
Timing error (us)




[image: image61.png]Standalone

——Scenario A,154dB

50
Frequency error (Hz)

100




[image: image62.png]Standalone

——Scenario B,154dB

0 2 4 6 8
Timing error (us)



[image: image63.png]Standalone

——Scenario B,154dB

0 50

Frequency error (Hz)

100




[image: image64.png]Standalone

=——Scenario C,154dB

0 2 4 6
Timing error (us)



[image: image65.png]Standalone

——S8cenario C,154dB

0 50 100
Frequency error (Hz)




Figure 11: CDF of the time/frequency estimation error after detecting WUS under 154dB MCL
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Figure 12: CDF of the time/frequency estimation error after detecting WUS under 164dB MCL
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