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Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN #75 meeting, new WID RP-170732 on Even further enhanced MTC for LTE was agreed as working agreement [1]. One of the objectives is to reduce power consumption.
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.
· Study and, if found beneficial for connected mode, specify physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL.
· Relaxed monitoring for cell reselection [RAN2 lead, RAN4]
· Enable relaxed UE monitoring for cell (re)selection e.g. by (re)configuration.
· Support efficient transition between CE mode and non-CE for non-BL UE [RAN2 lead]
· Enable CE mode operation (i.e., narrowband/wideband) for power saving purposes.
· This work is started after RAN#76 if the work is not completed already in Rel-14.
In this contribution, we discuss the support of power consumption reduction for decoding the physical downlink control/data channel.
Discussion on solutions for reduced power consumption
In RAN1# 88bis, the following agreement has been reached to evaluate the power consumptions 
· Techniques to be evaluated:
· Wake-up signal/channel (either relying or not relying on DL synchronization)
· Go-to-sleep signal/channel (either relying or not relying on DL synchronization)
· Compact DCI
· Reduced-bandwidth MPDCCH
· Dynamic USS periodicity
Wake-up /Go-to-sleep signal/channel
Wake-up signal/channel is used to indicate the presence of MPDCCH. For example, the signal can be transmitted at the beginning of the whole frame and limited to the first OFDM symbol. Or, it can be transmitted in the subframe ahead of the beginning subframe in each search space period. Upon detection of such signal the UE knows the existence of the MPDCCH , and only after that the UE will start to decode the following symbols of subframe. If no such signal is detected, the UE will turn the receiver off. When design the wake-up signal, detection accuracy, miss detection rate need to be considered.
Different from wake-up signal, Go-to-sleep signal can be used to indicate no MPDCCH transmission. Upton detection of such signal, UE can turn-off receiver. Only if UE does not detect such signal UE continue to receive MPDCCH transmission. From UE perspective both signals need to be detected before the start of MPDCCH therefore the UE power consumption for detection is similar. However wake-up signal is only transmitted when there is MPDCCH transmission. For UE in idle mode with very long time inactivity, wake-up signal will save eNB TX power significantly. 
For wake-up signal, the most stringent requirement is miss detection rate, since one miss detection will lead to miss detection of the MPDCCH. For go-to-sleep signal, the most stringent requirement is the false detection rate. From receiver point of the view, it is easier to achieve low  miss detection rate, while achieving low false detection rate require more complex detection algorithm. 
Proposal 1: From both eNB power consumption and UE receiver complexity point of view, wake-up signal is preferred to Go-to-sleep signal .
For power consumption comparison, if the wake-up signal is configured per MPDCCH search space, and the MPDCCH actual transmission probability is p=X/N (X actual MPDCCH transmission for N possible transmission opportunity).


Figure 1 wake-up/go-to-sleep with MPDCCH
PCANDIDATE/PREF =((N*T1+X* Tmpdcch)*100unit/m)/(N* Tmpdcch *100 unit/ms)
Since MPDCCH actual transmission probability p=X/N, then
PCANDIDATE/PREF = T1/ Tmpdcch + p
T1 is the required detection duration of the wake-up  signal, while  is the detection duration of MPDCCH. Link level simulation was performance to evaluate these parameters, assuming Pmiss=0.01 and Pfalse=0.1 for wake-up signal, and BLER=1% for MPDCCH. The detailed simulation assumption are given in the appendix.
Table 1 PCANDIDATE/PREF value
	MCL
	144
	154
	164

	SNR
	3.67
	-6.33
	-16.33

	RepetitionSubframe
	2

	16
	256

	MPDCCH transmission time
	2*11/14 ms
	16*11/14 ms
	256*11/14ms

	Wakeup transmission time 
	3/14 ms
	4 ms
	128 ms

	p=0.1%
	
	0.1374
	0.3192
	0.6374

	p=0.5
	
	0.6364
	0.8182
	1.1364

	p=0.8
	
	0.9363
	1.1181
	1.4364



 It can be seen with p=0.1% (corresponding to some scenarios for idle mode paging), wake up signal can reduce the UE detection power consumption; for p=0.5 (corresponding to normal scenario for connected DTX mode), the saving is marginal. If one wake up signal is configured to wake up a group of UE, then group p is the union of the actual MPDCCH transmission probability of each UEs in the group. In connected DTX mode, group p value could be even close to 1 in some scenario, as shown in the last row of the table above. In this scenario, instead of saving power, wake-up signal actually use more power. Therefore, wake up signal saving for connected DTX mode is not recommended.
Proposal 2: Wake-up signal shall not be used for connected DTX mode.

Receiving frequency (dynamically adjusted MPDCCH periodicity)
In MTC system, the starting subframe of the searching space is configured by higher layer signalling, i.e. semi-statically. Therefore, the detection period cannot be adjusted dynamically based on actual data transmission status, which will adversely affect the terminal power consumption. As shown in figure 2, in data transmission region, UE’s MPDCCH detection period is configured to T. When no data transmission(BSR=0 and No DL data), there are two possible outcome.
1) eNB modifies MPDCCH detection period via high layer signalling, however, significant signalling cost could be expcted. Also , UE power consumption is increased due to reception and feedback.
2) No change for the MPDCCH detection period, i.e , detection period remains as T. As can be seen this will also increase UE power consumption , as more detection process will be wasted.

As can be seen, both scheme are not ideal. 
Figure 2
If the MPDCCH detection period can be dynamically adjusted based on the actual data transmission status, the terminal power consumption will be reduced. As shown in figure 3, based on DCI indication, UE can use T1 as the MPDCCH detection period when no data transmission happens(BSR=0 and No DL data); based on SR+UL grant/DL grant,  UE can use T as the MPDCCH detection period (T1>T) during data transmission. T and T1 will be configured by higher layer.



Figure 3
Dynamically adjusted detection period can be used under many traffic scenario with on-off  characteristics, with longer detection period T1 configured to the period of  ‘off’ data transmission period. Besides, it is also useful for signaling setup and transmission. For example, during RRC release, there is up to 10 seconds delay from the moment RRCConnectionRelease message is received, while UE is still required to monitor MPDCCH during this period. Deployment data also demonstrates for MTC service in a typical RRC session 80%~95% could be spent on RRC release waiting period. Significant power saving is expected if dynamically adjusted detection period can be used.
As shown in figure 1, assume  K possible MPDCCH transmission opportunity  and the detection period for two different dynamically adjusted detection period are T mpdcch1 and Tmpdcch2 respectively, with Tmpdcch2=T mpdcch1*M.  So within K times MPDCCH detection, L times are based on period  Tmpdcch1 and the rest (K-L times)  are based on Tmpdcch2
PCANDIDATE/PREF =((L*T mpdcch1+((K-L)* T mpdcch1/ Tmpdcch2)* Tmpdcch1*100unit/m )/(K* Tmpdcch1*100unit/m)
Let k=L/K；,Tmpdcch2=T mpdcch1*M, then
PCANDIDATE/PREF =k+(1-k)/M;
In table 2 below, PCANDIDATE/PREF value corresponding to different p, M combinations are listed.
Table 2 PCANDIDATE/PREF value
	PCANDIDATE/PREF
	M

	
	4
	8
	16

	k=0.01
	0.2575
	0.13375
	0.071875

	k=0.25
	0.4375
	0.34375
	0.296875

	k=0.5
	0.625
	0.5625
	0.53125


[bookmark: _GoBack]
DC power consumption of Power Amplifier / PA efficiency  
In the study of  TR 36.888, it was agreed that reducing the maximum bandwidth provides a reduction in power consumption due to the lower baseband processing requirements in some of the components, possibly including ADC/DAC, FFT, buffering and DL/UL processing blocks. Exactly which components are affected depends on the options being chosen. With reduced maximum bandwidth, the terminal power consumption will be reduced. Currently the largest MPDCCH bandwidth is 6PRB, therefore PRB based MPDCCH can be considered. As shown in figure 4, narrowband MPDCCH can be used to schedule PDSCH. 1PRB can be considered for MPDCCH, and with reduced MPDCCH bandwidth, UE power consumption will be reduced. Note at the same time, to maintain the same transmission time, power boosting maybe needed. 


Figure 4 narrowband MPDCCH
The effectiveness of the solution depend on the ratio of the power consumption of the reduced bandwidth receiver vs original bandwidth receiver. The ratio varies with receiver implementation but in most cases, 20% ~30% saving can be achieved.
Proposal 3: For UE power consumption, dynamic adjusted MPDCCH period, reduced bandwidth MPDCCH  can be considered. 

Conclusions
In this contribution, we have discussed the power consumption reduction for MTC. We make the following proposals:
Proposal 1: From both eNB power consumption and UE receiver complexity point of view, wake-up signal is preferred to Go-to-sleep signal.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 2: Wake-up signal shall not be used for connected DTX mode.
Proposal 3: For UE power consumption, dynamic adjusted MPDCCH, period reduced bandwidth MPDCCH can be considered. 
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Appendix

Table 3 Simulation Assumption
	Parameter
	Value

	BS TX antenna configuration
	2 Tx

	BS power
	43 dBm per TX port

	System BW
	1.4 MHz

	Band
	Band 8 (900 MHz)

	Channel model
	ETU

	Doppler spread
	1 Hz

	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

	Wake up signal
	Based on 71-ZC sequence
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