Page 1

3GPP TSG RAN WG1 Meeting #92

  R1-1802373
Athens, Greece, February 26th – March 2nd, 2018
Source:
Intel Corporation

Title:
Power Saving Signal for efeMTC 
Agenda item:
6.2.5.3
Document for:
Discussion/Decision

1 Introduction

In RAN1 #90bis meeting, the following working assumption was 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 RAN1 #91 meeting, the following was further agreed [2]:
Agreements:

· In evaluating improved cell search and/or system information acquisition performance for UEs with a priori information, the following are considered based on the agreed scenarios (B, C, and D)
· Synchronization signal 
· Periodicity, duration, power boosting, bandwidth, and resource usage
· UE complexity impact, UE memory, and DSP complexity
· Combining of synchronization signals
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
Over the last few meetings, the following options have been proposed for wake-up signal.

1. WUS/DTX, UE is synchronized prior to decoding WUS using existing synchronization signals

2. WUS/DTX, UE decodes WUS without synchronization with existing synchronization signals 
3. WUS, no DTX, WUS carries 1-bit information (i.e. WUS/GTS), UE decodes WUS without using any existing synchronization signals

4. WUS/DTX, using new periodic sync signal.
In our previous contribution [3], we showed that when taking mobility into account, i.e. the UE must perform at least serving cell measurements every DRX cycle, the power savings for the option of WUS/DTX whether with or without existing synchronization signals become nullified for UEs in normal coverage as summarized from the results in Table 1. This is because the entire power savings gain for WUS/DTX is due to fewer repetitions and less complexity for WUS detection compared to MPDCCH detection for UEs in extended coverage, and thus does not try to account for the synchronization cost of reading the PSS/SSS and in some cases the cost of reading the MIB (depending on the UE’s power saving state during OFF duration and length of DRX cycle). This can be seen from the Figures 1 and 2 below. 
Table 1:  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%
	NS

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

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


Notes: 1. NS stands for Not Supported. 2. Power model and assumptions for traffic scenarios are listed in the Appendix section
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Figure 1: Baseline reference case for paging
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Figure 2:  Illustration of process flow for WUS or DTX, when taking mobility into account
Observation 1: 
· If WUS or DTX with existing synchronization signals is used, then there are no power savings for UEs in 144 dB coverage, which is the dominant use case for most UEs.
Observation 2: 
· If WUS or DTX without prior synchronization is analyzed taking mobility into consideration, the power savings due to savings in synchronization cost are nullified and become an overhead instead (as this option requires longer WUS than WUS/DTX, using existing synchronization signals).

It has been proposed that to reduce the impact of cell reference measurements, the measurements can be skipped for x DRX cycles and the WUS/DTX can still be an option without the UE using existing synchronization signals. However, this has a few very important impacts, the first being delayed detection of mobility. The problem is that since the WUS is DTX, it is very hard for the UE to detect that it has missed paging due to the WUS being DTX or due to the UE having moved to a different cell. This behavior can result in much higher rates of Paging mis-detection, as the UE may have moved to a different cell, but does not know it until it performs cell measurements. The other important impact is that as a result of delayed understanding of mobility, which can in the range of tens of seconds (assuming DRX cycle of 5.12 seconds and doing measurements every 5 DRX cycles, it would still cause UE to take an average of 10 seconds to discover change in UE coverage or mobility), the MME’s timers for detection of whether the UE successfully received paging or not would frequently time out, thus causing additional core network signaling overhead.

Observation 3: 
· Skipping serving cell measurements for WUS/DTX without using existing synchronization signals has a negative impact on both mobility detection and Paging mis-detection rates and affect other areas of the system as well. Thus, it is not considered a viable option. 
Given the above observations, we focus the rest of this contribution on what is the best way to reduce the synchronization cost i.e. using:

· WUS, no DTX, WUS carries 1-bit information (i.e. WUS/GTS), UE decodes WUS without using any existing synchronization signals;
· or WUS/DTX, using new periodic sync signal.
In either case, the assumption is that to reduce synchronization cost, a synchronization preamble is used. The question is whether it should be a part of the WUS or whether it should be a separate periodic synchronization signal (the new periodic sync signal, i.e. RSS). 

In Figures 3 and 4, we show different possible use cases of the sync signal. In Figure 3, the sync preamble or the RSS could be part of the WUS where the sync preamble allows the UE to gain time/frequency synchronization such that the WUS can be decoded with prior synchronization at DRX cycles up to 20.48 seconds. For example, the WUS carries information to indicate whether it’s WUS or GTS or group ID etc. Note that since we are looking to ensure that the WUS can be decoded relying on the synchronization using the RSS, the UE acquires time/frequency sync good enough that in case the signal requires the UE to wake-up, the UE does not need to perform synchronization using PSS/SSS in order to decode the MPDCCH, which also results in power savings. In Figure 4, the RSS is sent at a periodicity that is meant to serve other UEs in the system in addition to the UEs waking up to listen to the WUS. The UE wakes up first to detect the RSS and acquire time/frequency synchronization. It then goes back to light sleep state until it is the time for the UE to listen to the WUS which is sent only if there is a paging message or else it is DTX. Due to the RSS being available for all UEs in the system, this option consumes fewer resources and the WUS being DTX also consumes few resources.
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Figure 3:  Illustration of synchronization preamble (RSS) + WUS/GTS together for efeMTC
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Figure 4:  Illustration of process flow for WUS or DTX with new periodic sync signal (RSS in the figure)
For further details on the specific design of the synchronization signal, please refer to our companion contribution on system acquisition time reduction [4].
For the wake-up signal design, we used a similar sequence construction as that proposed in [4] except that it is based on a length-255 m-sequence. This sizing for the WUS is mapped to 4 symbols, which supports 1 bit to complete the cell ID address space and 6 bits of additional data that can be used to signal WUS/GTS and for group IDs. Although we used the 4 symbol construction for the WUS, we can also construct a 3 symbol WUS construction as shown in Figure 3, though our evaluations are based on the 4-symbol WUS.
A Monte-Carlo simulation was performed using the frequency domain descriptions for the RSS and WUS. Transformation to the time domain was made by way of a 72 point DFT and square root raised cosine transmit pulse shape with roll-off factor of 0.5. The ETU channel model was employed with a Doppler bandwidth of 1 Hz. Additive Gaussian noise was introduced at the receiver input at a level corresponding to an MCL of 154 dB. Table 2 captures the evaluation parameters for the simulations. 

As shown in Table 2, two DRX cycle values (scenario A and B) were evaluated at 2.56 and 20.48 seconds along with two RSS-to-WUS gaps that were evaluated at 0 and 100 milliseconds. The RSS was not power boosted, but the WUS was boosted by 3 dB. For the DTX condition of WUS, we inserted a random set of 16-QAM symbols in place of the WUS to model other DL OFDM allocations e.g. PDSCH transmissions at that time.
Table 2: Simulation Parameters 

	Parameter Name
	Units
	Subset Values

	DRX Cycle
	seconds
	2.56, 20.48

	RTC error
	Ppm
	20

	Frequency error
	Ppm
	5

	Target MCL coverage
	dB
	154

	WUS Power Boosting
	dB
	3

	RSS To WUS Gap
	msec
	0, 100


To determine the detection performance, the RSS detector performed a time-frequency search over the TOA and CFO error windows. Within that two dimensional search space a maximum RSS detector response was selected that yielded the offset estimates for the TOA and CFO along with the RSS detected power. These values were passed to the WUS detector for synchronization purposes and to provide for a detection threshold. The probability of missed detection was determined by the ratio of the number of WUS detector outputs that were below the threshold to the total number of WUS simulated. Similarly, the probability of false alarm was determined by the ratio of the number of WUS detector outputs that were above the threshold when the 16-QAM random data replaced the WUS to the total number of WUS simulated.

The results are summarized in Table 3. As can be observed, the measured probability of missed detection for all of the test cases met the 1% requirement as did the measured probability of false alarm at the 2% requirement.

Table 3: Results for WUS following the RSS
	Assumption
	Time duration [ms]

	
	MCL 144 dB
	MCL 154 dB
	MCL 164 dB

	New Periodic Sync Signal (Scenario A and B)
	1
	1
	Not done


Table 4:  Power Efficiency Results for new periodic sync signal (Pcandidate/Pref)

	DRX Cycle

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

Scenario B, 20.48 sec
	144 dB MCL
	154 dB MCL
	164 dB MCL

	RSS+WUS Sync signal period = 100 ms
	90%
	48%
	Not done
	RSS+WUS Sync signal period = 100 ms
	80%
	32%
	Not done

	WUS Preamble +WUS/GTS
	80%
	43%
	Not done
	WUS Preamble +WUS/GTS
	60%
	30%
	Not done


The evaluations included the impact of the timing/frequency estimation error due to inaccuracies in detecting/decoding the new sync signal, which will also have an impact on the WUS detection performance as well. Note that here we assumed light sleep for the UE between DRX cycles, however if we assume deep sleep and a separate WUR then the savings for WUS Preamble + WUS/GTS become much higher as shown in previous contributions [5]

 REF _Ref498692389 \n \h 
[6] which can be up to 70% savings for UEs in 144 dB and 154 dB coverage.
Observation 4: 
· Evaluation results show that when the WUS or DTX is used with new periodic sync signal as a synchronization signal, up to 40% power savings may be achieved for UEs in normal coverage, depending on the DRX cycle.

Observation 5: 
· Evaluation results show that WUS/GTS with a WUS preamble shows double the power savings at 144 dB than WUS +RSS for both scenarios A and B, but the savings are not as significantly higher at 154 dB coverage level.

Proposal 1:
· For the new power saving signal, use a periodic sync signal either in conjunction with the WUS or as a separate signal to achieve power savings for efeMTC UEs. 

Proposal 2: 

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

2.1 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 5 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 5:  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
	0.19
	18.59


Observation 6: 
· The absolute overhead of WUS even without DTX option is small for coverage levels up to 154 dB, 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 system bandwidth of 1.4 MHz, Table 6 captures the overhead of new periodic sync signal.
Table 6: 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 50 ms periods, but is low at periods of 200 ms 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.
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 proposals:
Observation 1

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

Observation 2: 

· If WUS or DTX without prior synchronization is analyzed taking mobility into consideration, the power savings due to savings in synchronization cost are nullified and become an overhead instead (as this option requires longer WUS than WUS/DTX, using existing sync).

Observation 3: 
· Skipping serving cell measurements for WUS/DTX without using existing synchronization signals has a negative impact on both mobility detection and Paging mis-detection rates and affect other areas of the system as well and and is not considered a viable option.

Observation 4:
· Evaluation results show that when the WUS or DTX is used with new periodic sync signal as a synchronization signal, up to 40% power savings may be achieved for UEs in normal coverage, depending on the DRX cycle.

Observation 5:

· Evaluation results show that WUS/GTS with a WUS preamble shows double the power savings at 144 dB than WUS +RSS for both scenarios A and B, but the savings are not as significantly higher at 154 dB coverage level.

Observation 6: 

· The absolute overhead of WUS even without DTX option is small for coverage levels up to 154 dB, 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 50 ms periods, but is low at periods of 200 ms 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:
· For the new power saving signal, use a periodic sync signal either in conjunction with the WUS or as a separate signal to achieve power savings for efeMTC UEs. 

Proposal 2: 

· Use the new periodic sync signal (if introduced) for cell measurements to avoid power consumption impact of synchronizing with existing sync signals.
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Appendix A: Simulation assumptions
Table 7: 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.


Table 8: 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


Table 9: 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
	1/1/NS2
	100/100/NS 2

	Time duration between WUS Reception & MPDCCH Decoding
	200
	200
	200


Notes for table 3:

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 assumption of no DTX. If the WUS is DTX, then due to the higher uncertainty windows at longer DRX cycles, the results are likely to be much worse.
3. For Scenarios C, the timing drift was judged too large to achieve target mis-detection and false alarm rates, based on preliminary results.

Table 10. 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

	Max RTC error
	±20ppm

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