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1 Introduction
Power consumption difference of wideband and narrow band DL transmission has been discussed on previous meetings. [2][3] suggest UE receiver structure with multiple RF ends and multiple narrowband ADCs, while [4] presented theoretical analysis of power consumption of UE receiver with a single RF end and a single wideband ADC. But viewpoints provide by [2~4] are different. And no quantitative evidence was given in the above mentioned contributions. This contribution estimates the power consumption of wideband and narrowband transmission with some hardware implementations based on the published chips data of UE. Some conclusions are obtained.
2 Scenarios of Carrier-Aggregation and possible UE receiver structures

In general, CA(Carrier-Aggregation) can be classified into three scenarios [1]:

· continuous carrier-aggregation

· non-continuous intra-band carrier-aggregation

· inter-band carrier-aggregation

As it is well agreed that a LTE-A UE should be able to support both wideband and narrow band reception, a structure may be needed to deal with both of the two kinds of reception, where different power consumption may be resulted. 

Although some possible candidate structures can be deduced from [2][3][4], no convincing evidence was provided about which mode of  wideband versus narrowband is more power saving for a certain structure. This contribution tries to evaluate the power consumption of wideband and narrowband transmission of three potential UE receiver structures which are described by the following figures (Fig. 2.1a-c):
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Fig. 2.1a-structure A
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Fig. 2.1b-structure B
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Fig. 2.1c-structure C

Structure A consists of multiple RF ends, an anti-aliasing filter and a single wideband ADC.

Structure B consists of multiple RF ends, multiple anti-aliasing filters and multiple narrow-band ADCs.

Structure C consists of a single RF end, an anti-aliasing filter, and a single wideband ADC.

A common UE receiver structure mainly consists of RF front-end, ADC and base-band module. As the base-band processing module consumes a relatively smaller part of the total power of DL receiver, and it is agreed that no significant variation in power consumption can be seen here when dealing with wideband or narrowband. So the concern is focused on the power consumption of RF end and ADC.

3 Comparison of UE receiver power consumption under wideband and narrowband transmission
First, data of common chips including LNA, Down-converter and ADC that fulfil the requirements of mobile receiver usage is collected and their power consumption statistics are taken as a reference for the evaluation as listed in ANNEX A.1- ANNEX A.5 [5][6][7]. 

Then, several example implementations of the UE receiver will be built with some of these chips and the energy needed to receive a certain amount of bits, e.g. 134.4M bits corresponding to bits that can be transmitted with 80MHz bandwidth in 1 S, will be calculated on the basis of these examples in wideband mode and in narrow-band mode of different scenarios of CA. The comparison mainly focuses on the difference of energy consumption between the two modes of a given receiver structure. 
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Fig. 3.1 Corresponding to ANNEX A.1
As an LTE-A UE should be able to support continuous CA as well as intra-band CA and inter-band CA, structures consisting of multiple RF-ends may be probable choice, as structure A and structure B demonstrated in Fig.2.1-a and Fig.2.1-b. In this case, there is no significant difference in energy consumption of RF module for wideband and narrow transmission, which can be seen from the histogram of Fig.3.1. In scenario 1 and 4, results of several different combinations of RF end chips are provided.
However, it is not the same with structure C, described in Fig.2.1-c, it can be seen from Fig.3.2 and Fig.3.3 that more energy will be consumed by ADC module with narrowband DL transmission; the reason for this phenomenon is that it will take a longer time to transmit the same amount of data in narrowband mode, while the power of a chip almost remain the same regardless of dealing with wideband or narrowband signal. Similarly, the same conclusion holds true for the RF end module. 
[image: image5.emf]Energy consumption of ADC module(TI) in structure A&C in different CA scenarios
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Fig 3.2 Corresponding to ANNEX A.5.1
[image: image6.emf]Energy consumption of ADC module(TI) in structure B in different CA scenarios
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Fig. 3.3 Corresponding to ANNEX A.5.2

4 Conclusions

1) For the RF end module, wideband DL transmission is more power efficient to the structure with a single RF end, while there is no significant difference between wideband and narrowband DL transmission for multiple RF ends structure.

2) For the ADC module, similar conclusion is available, which means wideband DL transmission is more power efficient to the structure with a single ADC and there is no significant difference between wideband and narrowband DL transmission for multiple ADCs structure

3) On the basis of the above analysis, it can be seen that wideband transmission is preferred by structure A and structure C, while the consumption of wideband and narrowband transmission are almost the same for structure B.

As a result, when a UE preferring wideband DL transmission is assigned with a narrowband transmission, power wasting occurs. To avoid this, it’s reasonable to match the UE with its most favourite DL transmission bandwidth.
Proposal: It is recommended that the resource scheduling of DL transmission should take the power saving of UE into consideration as possible as is allowed, for example, when the service is NRTT (Non-Real Time Traffic), which allows longer interval between discontinuous receptions, narrowband DL transmission may be avoided by delaying the scheduling.
5 References

[1] R4-090963, Prioritized Deployment Scenarios for LTE-Advanced studies, NTT DOCOMO, T-Mobile Intl., CMCC, Orange, Vodafone, Telecom Italia

[2] R1-084405, Spectrum Aggregation Operations - UE Impact Considerations, Motorola  

[3] R1-083225, LTE-A Spectrum Aggregation Scenarios and Impact of UE, Motorola 
[4] R1-090310, Views on Downlink Reception Bandwidth Considering Power Saving Effect in LTE-Advanced, NTT DOCOMO 

[5] http://www.maxim-ic.com
[6] http://www.analog.com
[7] http://www.ti.com
Annex A:
A.1 Energy consumption of LNA&Mixer(Maxim) of structure A&B under diifferent CA scenarios
	Scenario No.
	Deployment Scenario
	Transmission BWs of LTE-A carriers
	No of LTE-A component carriers
	Bands for LTE-A carriers
	Energy consumption (mW*s)
	LNA/Mixer

IC Type

	
	
	
	
	
	narrowband DL transmission mode
	wideband DL transmission mode
	

	1
	Single-band contiguous spec. alloc. @ 3.5GHz band for FDD
	UL: 40 MHz

DL: 80 MHz
	UL: Contiguous 2x20 MHz CCs

DL: Contiguous 4x20 MHz CCs
	3.5 GHz band
	(30.36+15)*4 = 180
	(30.36+15)*4 = 180
	MAX2645+MAX2680

	
	
	
	
	
	(30.36+26)*4 = 225
	(30.36+26)*4 = 225
	MAX2645+MAX2681

	
	
	
	
	
	(30.36+45)*4 = 301
	(30.36+45)*4 = 301
	MAX2645+MAX2682

	4
	Single-band, non-contiguous spec. alloc. @ 3.5GHz band for FDD
	UL: 40 MHz

DL: 80 MHz
	UL: Non-contiguous 20 + 20 MHz CCs

DL: Non-contiguous 2x20 + 2x20 MHz CCs
	3.5 GHz band
	(30.36+15)*4 = 180
	(30.36+15)*4 = 180
	MAX2645+MAX2680

	
	
	
	
	
	(30.36+26)*4 = 225
	(30.36+26)*4 = 225
	MAX2645+MAX2681

	
	
	
	
	
	(30.36+45)*4 = 301
	(30.36+45)*4 = 301
	MAX2645+MAX2682

	5
	Single-band non-contiguous  spec. alloc. @ Band 8 for FDD
925 MHz –960 MHz
	UL: 10 MHz

DL: 10 MHz
	UL/DL: Non-contiguous 5 MHz + 5 MHz CCs
	Band 8 (900 MHz)
	55*16 = 880
	55*8*2 = 880
	MAX2320/MAX2321/Max2326/MAX2322/MAX2324/MAX2327

	7[2]
	Multi-band non-contiguous  spec. alloc. @ Band 1, 3 and 7 for FDD
	UL: 40 MHz

DL: 40 MHz
	UL/DL: Non-contiguous 10 MHz CC@Band 1 + 10 MHz CC@Band 3 + 20 MHz CC@Band 7
	Band 3 (1.8 GHz)
Band 1 (2.1 GHz)
Band 7 (2.6 GHz)
	55*4 = 220
	55*2*3 = 330
	MAX2320/MAX2321/Max2326/MAX2322/MAX2324/MAX2327

	8
	Multi-band non-contiguous spec. alloc. @ Band 1 and Band 3 for FDD
	30 MHz
	Non-contiguous 1x15 + 1x15 MHz CCs
	Band 1 (2.1 GHz)

Band 3 (1.8GHz)
	55*5.3 = 293
	55*2.7*2 = 293
	MAX2320/MAX2321/Max2326/MAX2322/MAX2324/MAX2327

	9
	Multi-band non-contiguous  spec. alloc. @ 800 MHz band and Band 8 for FDD
	UL: 20 MHz

DL: 20 MHz
	UL/DL: Non-contiguous 10 MHz CC@UHF + 10 MHz CC@Band 8
	800 MHz band
Band 8 (900 MHz)
	55*8 = 440
	55*4 *2=440
	MAX2320/MAX2321/Max2326/MAX2322/MAX2324/MAX2327


A.2 LNA/Mixer integrated on single chip(Maxim)
	Part Number
	Freq. (MHz)
	Typical Supply Current(mA)
	Typical Supply Voltage(V)
	Power consumption
(U*I)(mW)

	MAX2320
	800-1000
1800-2500
	20
	2.75
	55

	MAX2321
	800-1000
1800-2500
	20
	2.75
	55

	Max2326
	800-1000
1800-2500
	21
	2.75
	57.75

	MAX2322
	800-1000
1800-2500
	20
	2.75
	55

	MAX2324
	800-1000
1800-2500
	20
	2.75
	55


A.3 Maxim LNA chips

	Part Number
	Freq. (MHz)
	Isupply (mA)
	Typical Supply Current(mA)
	Typical Supply Voltage(V)
	Supply Voltage Range(V)
	Power consumption
(mW)

	MAX2645
	3400 to 3800
	2.7 ,9.2
	9.2
	3.3
	3.0V to 5.5V
	30.36


A.4 Maxim DC Mixers

	Part Number
	Applicable Freq (MHz)
	IF range(MHz)
	Vsupply(V)
	Isupply (mA)
	Power consumption (mW)

	MAX2680
	10 to 500, 400 to 2500
	10 to 500
	3
	5
	15


A.5.1 ADC module(TI) Power consumption of structure A&C in different CA scenarios[1]
	Scenario No.
	structure A & C
	Power  consumption per chip (mW)
	IC type(TI)

	
	Narrowband Energy consumption(mW*S)
	Wideband Energy consumption(mW*S)
	
	

	CA scen 1
	4400=1*1100*4
	1100=1*1100*1
	1100
	ADS5525

	CA scen 4
	4400=1*1100*4
	1100=1*1100*1
	1100
	ADS5525

	CA scen 5
	4320=1*270*16
	2160=1*270*8
	270
	ADS801

	CA scen 7
	1272=1*318*4
	636=1*318*2
	318
	ADS6123

	CA scen 8
	1510=1*285*5.3
	760=1*285*2.7
	285
	ADS6122

	CA scen 9
	3120=1*390*8
	1560=1*390*4
	390
	ADS800


A.5.2 ADC module(TI) Power consumption of structure B in different CA scenarios[1]
	Scenario No.
	structure B
	Power  consumption (mW)
	IC type(TI)

	
	Narrowband Energy consumption(mW*S)
	Wideband Energy consumption(mW*S)
	
	

	CA scen 1
	1340=1*335*4
	1340=4*335*1
	335
	ADS807

	CA scen 4
	1340=1*335*4
	1340=4*335*1
	335
	ADS807

	CA scen 5
	2880=1*180*16
	2880=2*180*8
	180
	ADS804

	CA scen 7
	1140=1*285*4
	1650=4*285*1
	285
	ADS5231

	CA scen 8
	896=1*168*5.3
	896=2*168*2.66 
	168
	THS1230

	CA scen 9
	2400=1*300*8
	2400=2*300*4
	300
	ADS805


Note[1]: energy_consumption = number_of_chips*power_consumption_per_chip*work_time

Note[2]: No suitable ADC @ 2.6GHz available, therefore ADC @ 2.5GHz is used as a substitution.
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