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1 Introduction

In RAN1 #90bis meeting, the following working assumptions have been made on the objective of DL channel power efficiency for efeMTC [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’ with new periodic sync signal

· ‘Wake-up signal or DTX’ without new periodic sync signal

· Study till the next meeting how to ensure sufficient sync performance.

· Consider potential synergies with the WI objective on Reduced system acquisition time.

· Consider impacts from mobility

In this contribution, we evaluate the power-saving benefits of a Wake-up signal (WUS) or DTX, with and without a new periodic sync signal while also incorporating the impact of mobility and the resulting system overhead from both alternatives.
2 Wake-up Signal Options
In previous contributions [2], when evaluating Wake-up Signal or DTX, we have looked into whether the WUS could be decoded with existing synchronization signals and without existing synchronization signals.

From last meeting, the power efficiency evaluation must also take into account the impact of mobility. So, in this evaluation, we assume that the UE must perform serving cell measurements during the DRX cycle. In the last meeting, RAN2 made the following agreements [4]:

“UEs that apply “relaxed monitoring” need to perform neighbour cell measurements on a slow time scale, regardless if the UE considers itself to be stationary. An intention is that this shall not make it worse for any case w.r.t. power consumption.” 

From the above, the UE may skip neighbour cell measurements if the serving cell measurements were consistently at a certain range. However, the UE still must perform serving cell measurements in every DRX cycle. Thus, if the WUS or DTX option is used, then even if the WUS can be decoded without existing synchronization signals, the UE must still acquire DL synchronization and perform serving cell measurements at every DRX cycle.

In [2], the following parameters in Table 1 were agreed for the power saving model. We have broken down the total transition times for light sleep and deep sleep as to/from in Table 1 and use the Deep Sleep transition times of 180ms and 20ms from and to deep sleep respectively. 
Table 1: Power 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/[0.05]
	
	Deep sleep during PSM and eDRX,
depending on UE architecture.

	Transitions to or from

 light sleep
	50
	15(5/10)
	Boot, reload memory etc.

	Transitions to or from deep sleep
	50
	200 (20/180)/[25]
	Boot, reload memory etc.,
depending on UE architecture.


The following scenarios were evaluated:

Table 2: Evaluation Scenarios

	Scenario
	A
	B
	C

	eDRX cycle [s]
	-
	20.48
	327.68

	DRX cycle [s]
	2.56
	1.28
	1.28

	#POs/PTW
	1
	4
	4

	Paging rate [%]
	10
	10
	10

	Time Drift(us) (+/- 5ppm for LS) (+/-20ppm for DS)
	25.6
	820
	13107.2


For the reference case of Paging, we assumed the process flow as shown in Figure 1 and the assumption of time values as shown in Table 3.
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Figure 1: Baseline reference case for paging
Table 3: Time Durations for Reference case and WUS

	Assumption
	Time duration [ms]

	
	MCL 144 dB
	MCL 154 dB
	MCL 164 dB

	Synchronization and cell measurement time
	10
	40
	620

	MPDCCH Decoding and Channel Est.
	3
	20
	260

	WUS or DTX duration w/ existing sync 
	11
	21
	161

	WUS or DTX duration w/o existing sync
	1/1/NS
	10/10/NS2,4
	100/100/NS 2,4

	Time duration between WUS Reception & MPDCCH Decoding
	200
	200
	200


Notes:

1. The numbers for WUS w/ existing sync are based on Rmax/16 assumption

2. The numbers for WUS w/o existing sync are based on estimates from 144 dB simulation results and estimated using analysis for 154 dB/164dB scenarios and need further verification.

3. For Scenarios C, the timing drift was judged too large to achieve target mis-detection and false alarm rates, based on preliminary results.

4. The energy efficiency analysis shows evaluations for Scenario B i.e. 20.48s eDRX cycle, but the results are estimates based on 2.56s numbers and need to be verified.  
2.1 Wake-up Signal or DTX, without new periodic sync signal 
In Figure 2, we show the process flow when the UE receives a WUS or DTX. As mentioned above, even if the WUS can be decoded without using existing synchronization signals, the UE would still need to acquire synchronization to fulfil the serving cell measurement requirements at every DRX cycle. When no WUS is transmitted, then the WUS cannot serve as a synchronization or a reference measurement signal. Hence the UE must fall back to use existing reference signals for serving cell measurement, which means that the UE needs to perform synchronization using existing synchronization signals regardless of the sync functionality of the WUS. This means that the impact of a WUS with synchronization functionality on power savings is made much less. 
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Figure 2:  Illustration of process flow for WUS or DTX
From [3], the time duration assumptions for WUS or DTX with and without synchronization capability are given in Table 3, but for WUS or DTX without prior synchronization, we have now added the impact of cell measurements.
Table 4: Wake-up signal (WUS) design assumptions

	Assumption
	Value

	Probability of missed detection
	1%

	Probability of false alarm
	2%


Using the mis-detection probability and false alarm probability given above in Table 4, Table 5 shows the power saving results for the WUS with different options.

Table 5:  WUS or DTX: Power Efficiency Analysis (Pcandidate/Pref) with Mobility Impact

	eDRX Cycle

(Scenario)
	144 dB MCL
	154 dB MCL
	164 dB MCL

	
	WUS w/ existing sync
	WUS 

w/o existing sync
	WUS w/ existing sync
	WUS 

w/o existing sync
	WUS w/ existing sync
	WUS 

w/o existing sync

	2.56 sec (A)
	100%
	100%
	89%
	98%
	85%
	94%

	20.48 sec (B)
	100%
	100%
	79%
	89%
	76%
	85%

	327.68 sec (C)
	100%
	NS
	82%
	NS
	76%
	NS


Observation 1: If WUS or DTX without prior synchronization is analyzed taking mobility into consideration, the power savings due to synchronization are nullified and become an overhead instead.

Observation 2: If WUS or DTX with existing synchronization signals is used, then there are no power savings for UEs in 144dB coverage, which is the dominant use case for most UEs.
Observation 3: WUS or DTX without prior synchronization may not be able to support eDRX cycles due to large timing drifts and needs to be further verified.

If we assume that cell measurements are only performed once every 5 DRX cycles for WUS or DTX, without synchronization to existing DL signals, then the results are in the Table 6 below.
Table 6: WUS or DTX without prior synchronization: Power Efficiency Analysis (Pcandidate/Pref) with Limited Mobility Impact
	eDRX Cycle


	144 dB MCL
	154 dB MCL
	164 dB MCL

	Scenario A, 2.56 sec
	80%
	63%
	39.8%

	Scenario B, 20.48 sec
	70%
	48%
	29.8%


Observation 4: If serving cell measurements are skipped for a few DRX cycles, then WUS without prior synchronization may be an option, but this requires RAN2’ s input and we also need to further study this option to verify if it works.

2.2 Wake-up Signal or DTX, with a new periodic sync signal

In the last meeting, a new periodic sync signal was proposed for the enhancement on reduced system acquisition time and the agreed evaluation metrics include the power saving impact of using this signal. Figure 3 shows the process flow when such a signal is introduced.

For the purposes of evaluation, we used a PSS-like signal which occupies 72 subcarriers over 11 OFDM symbols and is repeated across subframes for devices in enhanced coverage conditions. We performed an evaluation of such a signal over ETU-1Hz channel for 144dB only. 
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Figure 3:  Illustration of process flow for WUS or DTX with new periodic sync signal (RSS in the figure)
Table 7: Results for New Periodic Sync signal

	Assumption
	Time duration [ms]

	
	MCL 144 dB
	MCL 154 dB
	MCL 164 dB

	New Periodic Sync Signal (Scenario A only)
	1
	3
	24


Table 8:  Power Efficiency Results for new periodic sync signal (Pcandidate/Pref)

	eDRX Cycle

Scenario A, 2.56 sec
	144 dB MCL
	154 dB MCL
	164 dB MCL

	Sync signal period = 100ms
	90%
	48%
	7.2%


Note, the evaluations here have not taken into account the estimation of timing/frequency error due to inaccuracies in detecting/decoding the new sync signal, which will also have an impact on the WUS detection performance as well.

Observation 5: From initial results, it seems that when the WUS or DTX is used with new periodic sync signal as a synchronization signal, 10% power savings are achieved for UEs in normal coverage, though this is not as good as up to 70% power savings with WUS without DTX option for normal coverage.

Proposal 1:
· The study of the new periodic sync signal should take into account its impact on detection performance of WUS or DTX. 
Proposal 2: 

· Use the new periodic sync signal for cell measurements to avoid power consumption impact of synchronizing with existing sync signals.

2.3 System Overhead Analysis

From TR 45.820, the traffic model for network command shows the total number of DL-initiated sessions generated per sector per day as expressed below:
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= 52547 * 2.24 = 117706 sessions/day = 117706/86400 = 1.36 sessions/second,
where 
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 is the number of MSs configured per sector (see Annex E.1 of TR 45.820).
Given the average rate of paging message is 1.36 messages/second, the wake-up signal needs to be transmitted at an average rate of 1.36/seconds. Taking the duration of WUS from Table 3, Table 9 captures the absolute overhead of using a WUS or DTX option, with and without prior DL synchronization. It also captures the overhead of a WUS without DTX assuming a DRX cycle of 5.12 seconds and assuming WUS is distributed over 7 different POs in that interval (5.12 seconds * 1.36 = 6.9 messages over 5.12 seconds).

Table 9:  Absolute resource overhead due to wake-up signal at different MCLs

	Type of wake-up signal
	Absolute wake-up signal overhead [%]

	
	MCL 144 dB
	MCL 154 dB
	MCL 164 dB

	WUS with prior DL synchronization
	0.14
	0.28
	2.20

	WUS without prior DL synchronization
	0.14
	1.36
	13.6

	WUS no DTX without prior DL synchronization, 5.12 seconds
	0.19
	1.86
	18.59


Observation 6: The absolute overhead of WUS even without DTX option is small for coverage levels up to 154dB, but rises sharply for the 164 dB MCL use case. 

For the new sync signal, the system overhead is constant at a given period and depends on the periodicity of the new sync signal. It can also be made configurable, depending on the number of UEs configured with wake-up signalling capability in the system. For a 1.4 MHz system bandwidth, Table 10 captures overhead of new periodic sync signal:

Table 10: Absolute Overhead of new periodic sync signal for 1.4 MHz bandwidth
	Periodicity
(ms)
	New Periodic Sync Signal (164 MCL)

	50
	7.91%

	100
	4.17%

	200
	2.1%

	500
	0.8%


Observation 7: The absolute overhead of the new periodic sync signal is dependent on the periodicity and is high at periods of 50ms periods, but is low at periods of 200ms and above. There is a trade-off between this periodicity of the sync signal and power savings, particularly for eDRX cycles, which must be compared to get a fair comparison.
Proposal 3: 

· The system overhead and power savings trade-off of the new periodic sync signal should be further studied, particularly for long eDRX cycles

3 Conclusion

In summary, we discussed the impact of taking cell measurements for mobility into account on WUS/DTX, particularly with the synchronization functionality and have the following observations and conclusions. 
Observation 1:
· If WUS or DTX without prior synchronization is analyzed taking mobility into consideration, the power savings due to synchronization are nullified and become an overhead instead.

Observation 2:
· If WUS or DTX with existing synchronization signals is used, then there are no power savings for UEs in 144dB coverage, which is the dominant use case for most UEs.

Observation 3: 

· WUS or DTX without prior synchronization may not be able to support eDRX cycles due to large timing drifts and needs to be further verified
Observation 4: 

· If serving cell measurements are skipped for a few DRX cycles, then WUS without prior synchronization may be an option, but this requires RAN2’s input and we also need to further study this option to verify if it works.
Observation 5:
· From initial results, when the WUS/DTX is used with  new periodic sync signal as a synchronization signal, 10% power savings are achieved for UEs in normal coverage compared to no savings with WUS/DTX, though this is not as good as up to 70% power savings with WUS, no DTX option for normal coverage.
Observation 6: 

· The absolute overhead of WUS even without DTX option is small for coverage levels up to 154dB, but rises sharply for the 164 dB MCL use case. 

Observation 7: 

· The absolute overhead of the new periodic sync signal is dependent on the periodicity and is high at periods of 50ms periods, but is low at periods of 200ms and above. There is a trade-off between this periodicity of the sync signal and power savings, particularly for eDRX cycles, which must be compared to get a fair comparison.
Proposal 1:
· The study of the new periodic sync signal should take into account its impact on detection performance of WUS or DTX. 
Proposal 2: 

· Use the new periodic sync signal for cell measurements to avoid power consumption impact of synchronizing with existing sync signals.
Proposal 3: 

· The system overhead and power savings trade-off of the new periodic sync signal should be further studied, particularly for long eDRX cycles.
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Appendix A: Simulation Assumptions
Table 11. Simulation assumptions 
	Parameter
	Value

	System bandwidth
	10 MHz

	Frame type
	FDD

	Band
	Band 8 (900 MHz)

	Carrier frequency
	900 MHz

	Antenna configuration
	1Tx, 1Rx

	Channel model
	ETU-1Hz

	Max freq. error
	±[5] ppm (4.5kHz)

	BS power
	46 dBm

	UE noise figure
	9 dB

	CFI
	3

	Performance metric
	Misdetection probability of 1%, and false alarm probability of 2%
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