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Introduction 
The NR in mm-Wave spectrum range as being considered in 3GPP has potentially opened up the opportunity for ultra-wideband radio access technology to boost the highly demanded data capacity and communication speed. In last RAN4 meeting, the aspects of how to utilize an ultra-wideband spectrum had been brought up for discussions [1], where an associated way forward was approved [2] to initiate the study of implementation complexity and system performance between single-carrier and intra-band contiguous CA for ultra-wide carrier operations. This contribution tries to draw the comparison from UE radio receiver power consumption point of view, especially, the bandwidth dependency in A/D converter power consumption.                    
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Discussion
In modern radio transceivers for digital communications, data converters are known to have the most prominent dependency in carrier bandwidth, especially from the aspects of power, performance, and cost. These aspects are of particular important when considering UE implementation. As NR in mm-Wave may open up the opportunity for ultra-wide carrier bandwidth access, its implication to radio data converter design and performance shall be studied.

In this contribution, we compare UE receiver A/D converter power consumption against RF carrier bandwidth based on the technology already applied in commercially available LTE transceivers. For higher bandwidth not being supported in the existing design, the current consumption was estimated using the same converter architecture in achieving a constant dynamic range at 60 dB. Table 2-1 summarizes the data.

	RF BW (MHz)
	20
	40
	80
	200
	400
	800

	ADC BW (MHz)
	10
	20
	40
	100
	200
	400

	Fs (GHz)
	0.1
	0.2
	0.4
	1
	2
	4

	Power1 (mW)
	0.5
	1.0
	2.0
	6.5
	16.0
	40.0

	Note 1: Does not include digital decimation filter


Table 2-1 A/D converter power consumption versus supported carrier bandwidth
Based on the above data, it can be seen that the A/D converter power consumption scales linearly with RF carrier bandwidth up to 80 MHz. And that implies at 80 MHz and below, single-carrier would cause less power consumption than for contiguous CA (CCA) of the same aggregated bandwidth as CCA requires additional frequency synthesizer(s) to down-convert different sub-blocks to DC.

Table 2-2 compares the A/D converter power consumption between single-carrier and various CCA combinations to support RF carrier bandwidth at 800 MHz.

	RF BW (MHz)
	800
	800
	800
	800

	ADC BW (MHz)
	40
	100
	200
	400

	No. of Converter
	10
	4
	2
	1

	Total Power1 (mW)
	20.0
	26.0
	32.0
	40.0

	Note 1: Does not include digital decimation filter


Table 2-2 A/D converter power consumptions to support RF carrier bandwidth at 800 MHz 
At 800 MHz RF carrier bandwidth, though CCA would have less power consumption than single-carrier in A/D converter (for example, 10-carrier CCA only consumes half the power of single-carrier), the overall current consumption for CCA would still be higher than single-carrier, citing that each additional frequency synthesizer alone could consume more than 20 mW (RF synthesizer in general consumes more power at higher carrier frequency). 

Figure 2-1 depicts a generic radio receiver architecture comparison between the single-carrier and 10-carrier CCA to support 800-MHz RF carrier bandwidth. Apart from less favourable in power consumption for CCA, it is also expected that CCA would have higher implementation complexity and cost than for single-carrier, at least up to 800-MHz RF carrier bandwidth according to our preliminary analysis.
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Figure 2-1 Radio receiver architecture comparison between single-carrier and 10-carrier CCA
3
Conclusion
In this contribution, we provided the UE receiver power consumption comparison between single-carrier and CCA of the same RF carrier bandwidth up to 800 MHz. Based on our preliminary analysis, it is expected that CCA would be less favourable than single-carrier in both power consumption and implementation complexity.  
4
References
[1] R4-168455, “Framework for leveraging an ultra-wideband spectrum”, NTT Docomo, Inc., TSG-RAN WG4 Meeting #80bis, Ljubljana, Slovenia, Oct. 10th – 14th, 2016
[2] R4-168763, “WF on wider single channel bandwidth for NR”, NTT Docomo, Inc., TSG-RAN WG4 Meeting #80bis, Ljubljana, Slovenia, Oct. 10th – 14th, 2016
ADC
ADC
ADC
ADC
400 MHz
40 MHz
40 MHz
40 MHz
PLL1
PLL6
PLL10



