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1. Introduction 
From RAN1#90 we have the following 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

This contribution evaluates the performances of Wake-up signal or DTX (WUS) and Wake-up signal with no DTX (Go to sleep & wake Up Signal, GUS).
2. Reliability & Repetitions
We consider a Power Saving Signal sequence described in [1], which is a ZC sequence of length 63 in the frequency domain with a PN sequence cover code.  A frequency shift is applied to every even symbol for interference mitigation and this sequence is repeated in the time domain to meet the required reliability at a specific MCL.  Different ZC roots are used in GUS to indicate “Wake Up” or “Go To Sleep” (GTS).  We perform link level simulations to evaluate the reliability of the WUS and GUS using these sequences and the simulation assumptions in [2].
The effect of time drift due to clock drift in [2] is considered in the simulations.  For WUS the time drift will accumulate across multiple POs if WUS is not transmitted and the level of accumulation depends on the paging rate.  The time drift between two PTW TeDrift and two PO TDrift used for the 3 scenarios in [2] are summarised in Table 1 for WUS and GUS.  We assume that synchronisation is maintained between UE and eNB if the time drift is less than 10% of a symbol or 7 (s and from Table 1 we observed that the UE is only out of sync between two PTWs.  We therefore performed link level simulations for time drifts between PTW, i.e. TeDrift only.
Table 1: Time drifts TeDrift & TDrift for WUS and GUS
	Item
	Parameters
	Scenario

	 
	 
	A
	B
	C

	 
	DRX & Paging
	 
	 
	 

	1
	eDRX Cycle, TeDRX (s)
	0
	20.48
	327.68

	2
	DRX Cycle, TDRX (s)
	2.56
	0.32
	0.32

	3
	PO/PTW
	1
	4
	4

	4
	Paging Rate
	0.1
	0.1
	0.1

	5
	Paging Probability in PTW
	 N/A
	0.3439
	0.3439

	 
	Drifts
	 
	 
	 

	5
	WUS PTW Drift, TeDrift (ms)
	0
	1.191
	19.057

	6
	WUS PO Drift, TDrift (ms)
	0.0016384
	0.0000256
	0.0000256

	7
	GUS PTW Drift, TeDrift (ms)
	0
	0.4096
	6.5536

	8
	GUS PO Drift, TDrift (ms)
	0.00016384
	0.00000256
	0.00000256


The miss detection rate against repetition for 144 dB, 154 dB and 164 dB MCL for Scenario A, B and C are plotted in Figure 1.  Here we use a false alarm rate of 10% and the required repetition for a 1% miss detection is summarised in Table 2.
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Figure 1: WUS miss detection rate vs repetitions

In GUS, incorrect decoding of a Go To Sleep (GTS) as WUS would reduce power saving since the UE would wake up unnecessarily whilst incorrect decoding a WUS as GTS would lead to a missed page.  Here we set the probability of incorrect decoding a GTS as WUS, P(GTS|WUS) to be equal to the probability of incorrect decoding a WUS as GTS P(WUS|GTS).  The P(WUS|GTS) against number of GUS repetitions for 144 dB, 154 dB and 164 dB MCL for Scenario A, B and C are plotted in Figure 2.  The GUS repetitions required for P(WUS|GUS) = P(WUS|GUS) = 0.01 are summarised in Table 2.
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Figure 2: GUS probability of incorrect decoding P(WUS|GUS) vs repetitions

Table 2: Reliability & repetitions for WUS and GUS

	Parameters
	Scenario A
	Scenario B
	Scenario C

	 
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB

	WUS (False Alarm Rate = 10%, Miss Detection Rate = 1%)

	Repetitions (symbols)
	2
	10
	105
	2
	15
	112
	2
	20
	128

	Detection timeƗ, TWUS (ms)
	0.14
	0.71
	8.75
	0.14
	1.25
	9.33
	0.14
	1.67
	10.67

	GUS (P(GTS|WUS) = 1%, P(WUS|GTS)=1%

	Repetitions (symbols)
	1
	7
	108
	1
	7
	111
	1
	8
	122

	Detection timeƗ, TGUS (ms)
	0.07
	0.50
	9.00
	0.07
	0.50
	9.25
	0.07
	0.57
	10.17

	NOTE: Ɨ Detection time assumes first 2 symbols in a frame are for LTE control region for repetitions > 12 symbols
	
	


3. UE Energy Consumptions
The energy consumption evaluation is based on the time diagram models described in Figure 4, Figure 5, Figure 6 and Figure 7 for the Baseline, WUS, GUS and Compact DCI (C-DCI) respectively in Appendix A.  In addition to the WUS detection time, TWUS and GUS detection time TGUS in Table 2, the values for additional parameters used for energy consumption evaluations are summarised in Table 3.  Although the repetition for the WUS or GUS prior to the 1st PO of a PTW is likely to be higher than those in remaining POs in the PTW, we use the same WUS/GUS repetitions for all POs in the PTW.  As described in the previous section, the time drift due to DRX would not lead to loss of UE sync and so the sync time from light sleep TSync-Light is 0 ms.  For a 10 MHz system bandwidth, DCI Format 6-2 for paging contains 28 bits including CRC.  C-DCI contains 1 bit info and 16 bits CRC [3], i.e. 17 bits and hence the number of repetitions (TC-DCI) for the MPDCCH carrying C-DCI is assumed to be half that of MPDCCH carrying DCI Format 6-2.  For C-DCI we assume an incorrect decoding of 1%, i.e. P(WUS|GTS) = P(GTS|WUS) = 1%.
Table 3: Additional assumptions for energy evaluation
	Item
	Parameters
	MCL

	 
	 
	144 dB
	154 dB
	164 dB

	1
	Sync time from deep sleep, TSync-Deep (ms)
	10
	50
	850

	2
	Sync time from light sleep, TSync-Light (ms)
	0
	0
	0

	3
	MPDCCH repetitions, TMPDCCH (ms)
	1
	4
	64

	4
	PDSCH repetitions, TPDSCH (ms)
	2
	8
	256

	5
	Compact DCI repetitions, TC-DCI (ms)
	1
	2
	32


It was noted [1] that WUS consumes less eNB resources since it is transmitted only when required but it suffers from accumulated time drifts.  On the other hand, GUS does not suffer from accumulated time drifts but consumes more eNB resources since it is transmitted prior to every PO.  Here we consider another model where a GUS is always transmitted at the start for the first PO of a PTW and WUS are potentially transmitted prior to each of the remaining POs in the PTW, i.e. WUS Occasions Next to a GUS (WONG).  The time diagram model for WONG is shown in Figure 3.  This would prevent accumulation of time drift whilst reducing the eNB resource consumption.
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Figure 3: WONG model

The energy consumption for WUS, GUS, C-DCI and WONG relative to that of the baseline (i.e. percentage of baseline energy) are summarised in Table 4.  It is observed that Power Saving Signals are most beneficial at high MCL which is expected since they avoid unnecessary blind decodes of long MPDCCH repetitions. 
Observation 1: The amount of energy saving using Power Saving Signal increases with the increase in coverage extension.

Table 4: Energy consumption as percentage of baseline
	Method
	Scenario A
	Scenario B
	Scenario C

	 
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB

	WUS
	98.41%
	94.44%
	66.71%
	88.58%
	63.89%
	21.31%
	99.94%
	86.23%
	31.12%

	GUS
	98.04%
	93.25%
	62.93%
	87.25%
	60.71%
	19.63%
	94.97%
	80.53%
	28.71%

	C-DCI
	100.25%
	96.54%
	80.56%
	100.40%
	96.04%
	92.23%
	100.16%
	98.03%
	93.09%

	WONG
	98.41%
	94.44%
	66.71%
	87.68%
	61.72%
	20.70%
	95.14%
	80.97%
	29.48%


Among the Power Saving Signal methods, C-DCI has the worst performance and would actually lead to higher energy consumption compared to that of the baseline at 144 dB MCL. This is because in good coverage, the MPDCCH carrying C-DCI and DCI Format 6-2 (for paging) does not require repetition and so when there is no paging, in both the baseline and C-DCI methods the UE has to monitor one MPDCCH.  However, when there is a paging message, the UE has to monitor twice the number of MPDCCH in the C-DCI method (one for C-DCI and another for DCI Format 6-2) compared to that in the baseline. Hence this leads to an increase in the energy consumption whenever paging occurs.

Observation 2: Compact DCI has the worst energy saving performance compared to the other Power Saving Signal methods.

Observation 3: In good coverage (e.g. 144 dB MCL) Compact DCI uses more energy than the baseline.
WUS has slightly poorer energy saving compared to that of GUS in all scenarios and MCL.  This is due to the larger time drift between PO and PTW in WUS as a result of accumulated time drifts where the time drift is largest between PTW (due to long eDRX cycle between PTWs).  WONG removes the accumulation of time drift between PTWs and hence it has a better energy saving compared to WUS but since time drift accumulation still occurs among POs within a PTW, it has slightly worse energy saving compared to GUS.  NOTE: For WONG, the WUS within a PO assumes repetitions without time drift since we assume the UE is in sync.
Observation 4: The accumulation of time drifts between multiple eDRX cycles in WUS leads to poorer energy saving compared to GUS.

Observation 5: GUS has the best energy savings followed by WONG and WUS.

4. eNB Resource Consumptions

The additional resource consumed due to the transmission of Power Saving Signals are calculated.  For GUS and C-DCI, eNB has to transmit additional resources prior to every PO and this is dependent upon the repetition of GUS and C-DCI.  For WUS and WONG, the eNB only needs to transmit additional resources prior to POs that have a paging occasion and hence this depends on the paging rate (for WONG, eNB has to transmit a GUS prior to the first PO of a PTW).  The number of additional PRBs used for transmission of Power Saving Signals per PO are summarised in Table 5.
Table 5: Additional PRBs per Paging Occasion

	Methods
	Scenario A
	Scenario B
	Scenario C

	 
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB

	WUS
	0.09
	0.43
	5.25
	0.09
	0.75
	5.60
	0.09
	1.00
	6.40

	GUS
	0.43
	3.00
	54.00
	0.43
	3.00
	55.50
	0.43
	3.43
	61.00

	C-DCI
	6.00
	12.00
	192.00
	6.00
	12.00
	192.00
	6.00
	12.00
	192.00

	WONG
	0.09
	0.43
	5.25
	0.17
	1.07
	17.81
	0.17
	1.18
	19.19


It is observed in Table 5 that C-DCI consumes the most resources per PO.  At 164 dB MCL, it consumes 30( to 36( more resources than WUS.  Since C-DCI also has the worst energy saving, it is not a good Power Saving Signal solution.
Observation 6: Compact DCI consumes the most resources per Paging Occasion.

Proposal 1: Compact DCI is not considered further as a Power Saving Signal solution.
As expected GUS consumes significantly more resources than WUS and WONG.  Here with a paging rate of 10%, GUS consumes about 10( more PRBs/PO than that of WUS and about 3( more PRBs/PO than that of WONG at 164 dB MCL.  Since WONG contains a mixture of GUS and WUS, the resources it consumes is between those of GUS and WUS.

Observation 7: GUS consumes significantly more PRB resources than WUS and WONG especially at high level of coverage extension.
Observation 8: The PRB resource/PO consumed by WONG is between those of GUS and WUS.

Since the energy saving between GUS and WONG is not significantly different but GUS consumes noticeably more resources than WONG, WONG is the preferred Power Saving Signal solution.  Comparing WONG and WUS, WONG does not suffer from accumulated time drifts which is a disadvantage of WUS.
Proposal 2: WONG is used as a Power Saving Signal solution for efeMTC, where a GUS is transmitted at the first PO of a PTW and WUS is monitored for the remaining POs within the PTW.
5.   Conclusion

In this contribution we evaluate four Power Saving Signal solutions, namely WUS, GUS, Compact DCI and WONG.  Observation 1: The amount of energy saving using Power Saving Signal increases with the increase in coverage extension.

Observation 2: Compact DCI has the worst energy saving performance compared to the other Power Saving Signal methods.

Observation 3: In good coverage (e.g. 144 dB MCL) Compact DCI uses more energy than the baseline.
Observation 4: The accumulation of time drifts between multiple eDRX cycles in WUS leads to poorer energy saving compared to GUS.

Observation 5: GUS has the best energy savings followed by WONG and WUS.
Observation 6: Compact DCI consumes the most resources per Paging Occasion.

Observation 7: GUS consumes significantly more PRB resources than WUS and WONG especially at high level of coverage extension.
Observation 8: The PRB resource/PO consumed by WONG is between those of GUS and WUS.
We therefore propose the following:

Proposal 1: Compact DCI is not considered further as a Power Saving Signal solution.
Proposal 2: WONG is used as a Power Saving Signal solution for efeMTC, where a GUS is transmitted at the first PO of a PTW and WUS is monitored for the remaining POs within the PTW.
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7. Appendix A

The time diagram models for baseline, WUS, GUS and Compact DCI are described in Figure 4, Figure 5, Figure 6 and Figure 7 respectively.
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Figure 4: Baseline model
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Figure 5: WUS model
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Figure 6: GUS model
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Figure 7: Compact DCI model
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