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Introduction
The Rel-15 WI on “Even further enhanced MTC for LTE” [1].Error! Reference source not found. has the following WI objective for machine-type communications for BL/CE UEs:
Improved power consumption:
· Power consumption reduction for physical channels [RAN1 lead, RAN2, RAN4]
· Study and, if found beneficial for idle mode paging and/or connected mode DRX, specify physical signal/channel that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel.
The topics has been discussed in previous meetings, and RAN1 has made the following agreements [2]:
· A physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s) is introduced, at least for idle mode paging. Candidates for the signal/channel are:
· Wake-up signal or DTX
· Go-to-sleep signal or DTXWake-up signal with no DTX
· Downlink control information
· FFS whether synchronization to the camped-on cell is assumed for detecting/decoding WUS/GTS, depending on the (e)DRX cycle length
· Design details are FFS
· Connected mode DRX is FFS
As for the power saving signal the following agreements were made on paging reliability:
· The impact of the physical signal/channel, on Idle mode physical layer paging performance (missed paging detection and paging reception latency) should be studied and reported with the physical signal/channel design.
· The current paging mechanism is used as the baseline for evaluation.
This contribution presents some results on MPDCCH performance and a further discussion on wake-up signals for idle mode paging. 
Assumptions and scenario
[bookmark: _Ref490219401]Simulation assumptions
Evaluations the simulation assumptions in [3], reprinted here for convenience.
[bookmark: _Ref488161338][bookmark: _Ref490217989]Table 1: Simulation assumptions
	Parameter
	Value

	BS TX antenna configuration
	2 Tx

	BS power
	43 dBm per TX port

	System BW
	10 MHz

	Band (Fc)
	Band 8 (900 MHz)

	Channel model 
	ETU

	Doppler spread 
	1 Hz

	Time/frequency drift, in idle mode when
not relying on DL synchronization (f’)
	[0.05] ppm/s

	Maximum frequency error, in idle mode
when not relying on DL synchronization (fe)
	±[5] ppm

	Frequency error, 
when relying on DL synchronization
	±30 Hz

	UE RX antenna configuration
	1 Rx

	UE NF
	9 dB

	Coupling loss
	144, 154, 164 dB



[bookmark: _Hlk490217237][bookmark: _Hlk490214523]Based on the numbers in Table 1, it is possible to derive how the timing and frequency errors evolve in time. It is possible to divide the behavior in terms of timing and frequency error in two regions: the transient region, in which the maximum frequency error is not yet reached, and the saturated region, where the maximum frequency error is reached. The following frequency displacement relation exists for the transient region:

For the maximum (constant) frequency error, the timing error may be expressed as,

The transient region may instead be expressed as

where  and  is the time and frequency displacement, respectively, for an instantaneous, relative frequency drift , respectively, after a time, . The parameter values used above are given in Table 1 and results in the frequency and timing drifts as presented in Figure 1 and Figure 2, respectively.
[image: ] 
[bookmark: _Ref490229406]Figure 1: Frequency drift as function of time.
[image: ]
[bookmark: _Ref490229488]Figure 2: Timing drift as function of time.
The lower level indicated in Figure 2 correspond to when the timing drift is within a cyclic prefix, in which case the UE can still be considered to be time synchronized. The upper level corresponds to when the timing inaccuracy is more than 2.5 ms, in which case the UE needs to do a full resynchronization. In the region between these levels, the UE may restrict the timing window to look for frame sync, and the receiver may be put in light sleep outside this window.  
[bookmark: _Ref488416255]Power efficiency assumptions
Also presented in [3] were assumptions regarding power efficiency. Four modes reflecting different activity levels were defined, see Table 2.
[bookmark: _Ref490265447]Table 2: Assumed power modes.
	Mode
	Receive
	Light sleep
	Idle, deep sleep
	State transitions

	Power
	100
	1
	0.015
	TBD



Furthermore, and also presented in [3]Error! Reference source not found., in order to read MPDCCH for paging, the UE need to perform the activities as presented in Table 3.
[bookmark: _Ref488410201]Table 3: Assumed activities and their associated durations and costs.
	Activity
	Ramp up
	Sync
	Receive PDCCH
	Ramp down
	Idle (PREF)

	Cost [power units/ms]
	50
	100
	100
	50
	8100

	Duration [ms]
	15
	Variable
	Variable
	15
	???



Here it should be noted that the cost for sync will vary with the DTX periodicity, such that a shorter DTX implies a smaller time and frequency drift, implying lower sync search interval.
Reference scenario
Due to the relatively high sync costs presented in [3], the scenario presented here is one where the full sync cost can be partly eliminated based on the discussion in Section 2.1. This is achieved by using a short DRX cycle implying little time and frequency drift and a corresponding reduction in power consumption. Below the cost reduction due to timing drift is assumed to be linear, such that the RX ON is limited to the uncertainty interval arising from the timing drift from the previous reception, in relation to LTE’s 5 ms sync periodicity.
In order to present a relevant scenario where MPDCCH has a profound impact on power consumption, the chosen reference scenario is that of an IoT gas valve. Here the requirement is that the gas vendor should be able to turn off the gas within 5 seconds from receiving an alarm, implying an equally short gas valve DRX cycle of 5 s. Noteworthy in this scenario is that, in all likelihood, the UE will be scheduled very rarely, if at all, during its lifetime why the power gained from an improved paging configuration may be directly translated into a corresponding increased device longevity.
According to the above relation between timing drift and timing error, the maximum timing error during a 5 s DRX cycle is ±0.625 µs, corresponding to approximately 13 % of the normal CP length of 4.7 µs and is negligible in relation to LTE’s 71 µs symbol duration. Hence, a UE will suffice to correct for the frequency drift, which after 5 s may amount to maximum ~250 Hz, whereas the timing drift is discarded. Different signals or channels for tracking/recovering the frequency error and is up to UE implementation. For example, if relying on PSS/SSS for frequency sync, the UE may only to receive 2 symbols (PSS and SSS) every 5 ms. The remainder of the 5 ms period, the UE is expected to be in light sleep with a substantially lower power consumption.
[bookmark: _Ref488416292]MPDCCH performance
Given the above assumptions and scenario description the cost is assessed for performing a MPDCCH decoding based on two MPDCCH configurations – the reference case in configuration for DCI format 6-2 used for paging, and a shorter, 1 bit, MPDCCH configuration, both including a 16 bits CRC:
1. DCI format 6-2, implying 12 bits for 10 MHz system bandwidth assumed above, and
2. Compact DCI, i.e. a 1 bit MPDCCH, corresponding to a wake-up signal candidate.
Figure 3 shows the required number of repetitions for the two cases and for MCL levels of 144, 156 and 164, respectively. The selected target here is to obtain 1 % BLER for MPDCCH. As is clear in the figure, for all MPDCCH payloads, 144 dB MCL never exceeds 1 % BLER. For both 154 and 164 dB cases, MPDCCH bundling is required to various degrees to reach the BLER target.
[image: ]
[bookmark: _Ref488660599]Figure 3: BLERMPDCCH performance as depending on repetition level.
The required number of repetitions in order to achieve the 1 % BLER for different SNRs and MPDCCH payloads is presented in Table 4. The number in italic is an estimate based on performance difference for higher BLER targets.
[bookmark: _Ref488417487]Table 4: Simulated repetition levels for achieving 1 % BLERMPDCCH. 
	Repetition level
	MPDCCH payload [bits]

	
	1
	12

	MCL [dB]
	144
	1
	1

	
	154
	12
	17

	
	164
	240
	400



[bookmark: _Ref490222717]Power costs
Based on the above assumptions, there are three categories of power costs: Fixed costs, including ramping costs, variable costs w.r.t. MCL and DRX length, including sync costs, and variable costs w.r.t. MCL and MPDCCH payload size, including MPDCCH decoding. First, results for the reference scenario described above are presented, after which a more general cost function is discussed. 
[bookmark: _Ref488419820]Ramping costs
The activity ramp up and ramp down are independent of power levels and MCL. Each ramp up and ramp down cycle will incur a cost of 1500 power units, according to Table 3.
[bookmark: _Ref488419822]Sync costs
The time needed for synchronization is highly dependent on MCL but also on the size of the timing and frequency uncertainty. For the reference case we argued that the UE is time synchronized and only the frequency error may need to be ensured to be small enough to enable MPDCCH detection. How long this will take, and the associated power cost depends on the algorithm used. Here we make the rough assumption that this will require PSS/SSS for the same duration as required for the one bit MPDCCH case. Combined with the above derivation of PSS/SSS requiring only two symbols’ reception over a frame, the resulting sync power consumption is presented in Table 5.
[bookmark: _Ref488416181]Table 5: Sync power costs for different MCLs.
	Power cost
[power units]
	Receive ratio
	Idle mode ratio
	# subframes
	Total power [power units]

	MCL [dB]
	144
	0.0571
	0.943
	1
	6.6

	
	154
	0.0571
	0.943
	12
	80

	
	164
	0.0571
	0.943
	240
	1.6k



MPDCCH costs
Based on the assumptions in Sec. 2.2 and simulations results from Sec. 3, the PDCCH power consumption may be computed for the different MPDCCH payloads and MCL values. This is done straightforwardly as the MPDCCH repetition level, corresponding to the number of subframes required for MPDCCH decoding multiplied by the power consumption for the MPDCCH activity. The power cost for the MCL and MPDCCH payload combinations from Table 4 is shown in Table 6.  
[bookmark: _Ref488417520]Table 6: MPDCCH power costs for different MCLs and MPDCCH payloads.
	Power cost
[power units]
	MPDCCH payload [bits]

	
	1
	12

	MCL [dB]
	144
	100
	100

	
	154
	1.2k
	1.7k

	
	164
	24k
	40k



Total power savings
Provided the above assumptions hold, the relative savings by using a compact DCI format for the reference scenario is shown in Table 7.
[bookmark: _Ref490270584]Table 7: Relative savings using compact DCI.
	Power cost
[power units]
	Relative savings for 
compact MPDCCH

	MCL [dB]
	144
	0%

	
	154
	15%

	
	164
	22%



[bookmark: _Hlk490271291]As shown, some limited savings can be achieved by using a compact DCI. It should however be noted that this is a scenario where the MPDCCH is relatively dominating. For other scenarios, e.g. when sync time increases due to increased timing uncertainty, the savings will be considerably smaller.
[bookmark: _Toc490229914][bookmark: _Toc490257733][bookmark: _Toc490257745][bookmark: _Toc490271868][bookmark: _Toc490273147][bookmark: _Toc490287773][bookmark: _Toc490287798]Marginal power reductions may be achieved with a more compact DCI format compared to the present format.
If other wake-up signals are to be defined, these should show larger power savings than the Compact DCI presented here. Furthermore, the signals need also to be evaluated with respect to false detection.  
Other considerations
In order to make a decision about power consumption reductions there are also other considerations to be made. For one, in RAN4, there is an ongoing discussion about RRM requirements. The outcome of these discussions will significantly affect the above results in terms of, e.g., synchronization needs.
[bookmark: _Toc490229918][bookmark: _Toc490273148][bookmark: _Toc490287774][bookmark: _Toc490287799]RRM measurement requirements must be considered when assessing paging and connected mode DRX cycle improvements.
Another consideration to include when discussing the need for a specific wake-up signal is the number of paging opportunities (PO) and paging transmission windows (PTW). The results presented above assumes the same number of POs for both MPDCCH payloads. However, a wake-up signal would likely suffice with one PO within the PTW. By using many POs, the UE complexity requirements increase proportionally, or, introducing a wake-up signal results in a corresponding gain in complexity.
Other evaluation parameters that will affect the relative merits of a wake-up signal include: the percentage of actual pagings and how often the UE needs to read partial or full system information, etc. 
Conclusion
In the previous sections we made the following observations:
Observation 1	Marginal power reductions may be achieved with a more compact DCI format compared to the present format.

Based on the previous sections, we propose the following:
Proposal 1	RRM measurement requirements must be considered when assessing paging and connected mode DRX cycle improvements.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Hlk486505354]References
[1] RP-171427, “Revised WID on Even further enhanced MTC for LTE”, Ericsson, Qualcomm, RAN#76, June 2017.
[2] [bookmark: _Ref490273240]RAN1, Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #89, May 2017.
[3] R1-1706704, “Way forward on Downlink channel power efficiency”, Ericsson, Qualcomm, Orange, RAN1#88bis, April 2017.
	7/7	
image1.emf
0 20 40 60 80 100 120 140 160 180 200

DRX cycle length  [s]

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

F

r

e

q

u

e

n

c

y

 

d

r

i

f

t

 

[

H

z

]

Limit for PSS synchronization

Limit for PDCCH decoding


image2.emf
0 100 200 300 400 500 600 700 800 900 1000

DRX cycle length [s]

10

-3

10

-2

10

-1

10

0

10

1

T

i

m

i

n

g

 

d

r

i

f

t

 

[

m

s

]

Limit for synchronization timing ambiguity

Limit for CP synchronization


image3.png
MPDCCH BLER

10

10

10

107

10

—»—MCL=164 dB, 1+16 bits
——MCL=164 dB, 12+16 bits
—»—MCL=154 dB, 1+16 bits
—»—MCL=154 dB, 12+16 bits
—*—MCL=144 dB, 1+16 bits
—»—MCL=144 dB, 12+16 bits

10

1
10
MPDCCH repetition level

107





