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1
Introduction

The R11 SI “Provision of low-cost MTC UE’s based on LTE” [1] aims to investigate the feasibility of MTC type of terminals and solutions that would permit the use of LTE radio access to become competitive with that of GSM/(E)GPRS terminals addressing the MTC use case.
In the November 2011 RAN1#67 meeting, the following 5 concepts were included into TR 36.888:

· Reduction of maximum bandwidth

· Single Rx RF chain

· Reduction of peak rate

· Reduction of Tx power

· Half-Duplex operation

For each of these technical concepts to achieve cost savings ([2]-[9]) with Low-cost UE’s, the corresponding impact analysis of the feature in TR 36.888 includes impacts onto coverage and spectral efficiency, reduction in power consumption and the amount of anticipated specifications work.
In this contribution, we discuss anticipated savings in terms of power consumption to be expected during sustained operation (Tx/Rx/Idle while connected to the LTE access network) for the above 5 techniques captured in the TR.
2
Power consumption analysis
We assume a comparison of Low-cost UE’s against a single-band single-RAT 20 MHz UE Cat 1 reference implementation. Furthermore, we assume the Low-cost UE supports a peak rate of 250 kbps. When comparing both the Low-cost UE and the reference Cat 1 UE, the comparison assumes both would be served using the same (low) data rate.
2.1
Reduction of maximum bandwidth

A reduction in the maximum supported bandwidth down to 1.4 MHz (which we deem as a somewhat extreme example) will primarily result in a reduction of power consumption due to decreased peak data rates. In consequence, we expect most benefits in terms of reduced power consumption to derive from those factors that we describe in Section 2.3.

In addition, there is several more power consumption factors directly associated with the support of a reduced maximum bandwidth.

By reducing the maximum supported bandwidth from 20 MHz to 1.4 MHz, the ADC could be run approximately 90% slower, thus reducing the dynamic power proportionally.
Correspondingly, a smaller FFT size is used for a Low-cost UE supporting reduced bandwidth only. For example, a Low-cost UE would use a 128P-FFT instead of and 2048P-FFT. The subframe buffer holding FFT output samples would decrease in size by 93%. Accordingly, power consumption would reduce proportionally for similar considerations as explained in the case of the IR buffers in Section 2.3.
2.2
Single Rx RF chain

In terms of achievable power reduction during sustained operation (Tx/Rx/Idle while connected to LTE radio access network), we expect that removal of the Dual-Rx RF chain will result in the most benefit when comparing all 5 techniques.
By eliminating the second Rx RF chain, the power consumption incurred from any component on the second Rx chain such as LNA(s), down conversion mixer, RF and analog filters, dual Rx AGC, ADC, and the digital signal processing units is removed.
Basically, the entire silicon area and power dissipation associated with the Rx diversity branch is removed.
2.3
Reduction of peak rate

When the supported per-TTI peak data rate is decreased, this essentially reduces the maximum TB size to be processed per subframe by a Low-cost UE.

Reducing the supported DL peak data rate down to 250 kbps compared to a reference Cat 1 UE supporting 10 Mbps results in a 40-fold decrease of the TB size. Once the TB size is reduced, several power-related optimizations will follow.
The IR buffer memory can be reduced by an estimated factor of 40. Accordingly, the leakage power associated with the IR buffer is reduced by a factor of 40 while the dynamic power would remain the same 
if the same clock frequency is assumed. But given the reduced processing requirements, we can assume that the clock frequency of the IR buffer can also be reduced by at least a factor of 4, and that the associated dynamic power consumption will be reduced proportionally.
Any hardware accelerators used for BB symbol rate processing can be run at a much slower clock speed. Symbol rate hardware accelerators would include the logic that performs turbo decoding, CRC checking, HARQ combining, and moving TB data.
The dynamic power consumption is the sum of the power dissipated by the load on each cell and the switching power.

The load power is proportional to the square of the supply voltage. Given that symbol rate processing logic can run at a much slower clock frequency with reduced data rates, a lower supply voltage can be used. For the example of a 40nm silicon process, 184 MHz clock rates and 5% read/5% write/90% inactive times, a decrease from 1.2V to 1.0V, the load power contribution to the dynamic power will decrease by an estimated 30%. The switching power is proportional to the operating frequency. If the operating frequency is reduced by only a factor of 4, the switching power contribution to the dynamic power will decrease by an estimated 75%.
More importantly, the amount of parrel processing required by the turbo decoder and interleaver is significantly decreased when assuming a maximum supported peak data rate of 250 kbps for low-cost UE’s.
If the architecture of the turbo decoder and the rest of the symbol rate processor takes advantage of this, the gate count will be so low that the power dissipated by symbol rate processing would become almost negligible compared to the case of a reference Cat 1 UE. A reasonable estimate would be that the overall gate count could be decreased by a factor of 3.
2.4
Reduction of Tx power

If a Low-cost UE is power de-rated, i.e. if it was allowed to operate at much less than the 23dBm reference Cat 1 UE, a proper assessment of power reduction impacts is heavily dependent on realistic assumptions for future Low-cost UE design.
With power amplifiers, cost is usually proportional to die size, and die size is proportional to output power, spectrum mask, PAR of the waveform. For example, GSM uses GMSK modulation, which is a constant envelope waveform and allows for maximum power of about 30 dBm. W-CDMA R99 has a 3 dB PAR and 24 dBm max power. Full-duplex FDD systems like WCDMA/HSPA and LTE have to account for higher front end losses from duplexers, so the size of the amplifiers are similar, and in consequence cost is similar when all other factors are left equal, such as supported bandwidth, power management, etc.

One extreme possibility is to consider a different PA Class like Class C which uses low power and constant envelope waveforms. For example, BT radio use high PAR waveforms, but at low transmit power. WLAN radio uses a high PAR waveform and moderate output power.
We think that it is un-warranted to consider such dramatic design changes given the many implications in terms of RF coexistence and development efforts (not to forget about the amount of specification work).

In consequence, when leaving fundamental assumptions regarding UE Tx side amplifiers unchanged, only a moderate amount of power consumption reduction is in reach when assuming optimization due to reduced support for UL modulation orders like QPSK.

Primarily, we see Tx path power consumption numbers driven by actual UL Tx power control settings during sustained operation, i.e. any 3G or LTE device transmitting, for example at 10dBm and not at maximum power would see its Tx path power consumption reduced by a very significant factor. Yet, there would not be any big difference to expect between a Low-cost UE and a reference Cat 1 UE as long as operating under the same conditions.

2.5
Half-Duplex operation

On a per TTI basis, the power consumption of HD and full-duplex FDD receivers can in principle be considered similar, i.e. only minor differences exist.
These minor differences in RF front-end power consumption during sustained Rx and Tx are due to slightly different front-end filtering configurations, i.e. RF components other than amplifiers placed onto the Tx and Rx path.

While a HD FDD handset would not need the operating band Tx-Rx duplexer(s) and use a switch, the design of the analog RF front-end paths will not be able to re-use an existing full-duplex Tx or Rx full-duplex FDD path “as is”. Depending on the UMTS operating band, some additional Rx filters and isolators will need to be placed to avoid Rx desensitation and other issues. On the other hand, the UL Tx side design for HD FDD devices may offer some potential for easier RF filter implementation. Both above lead to somewhat, yet not substantially different power consumption numbers.
In consequence, assuming about the same power consumption numbers while Rx or Tx a TTI, i.e. subframe for both HD FDD and full-duplex devices, resulting power consumption numbers mainly become a function of Rx (DL reception) and Tx (UL transmission) activity cycles during periods of sustained operation while connected to the LTE access network.
To consider one theoretical upper limit example: to sustain an average UL data rate of some 50 kbps, assuming an average TB size of around 250 bits, an average of 4 re-transmissions, the resulting UL subframe utilization would reach 100%, i.e. all 8 HARQ processes would be active, and every UL subframe would be used. The full-duplex FDD UE would still be able to Rx on all DL subframes, while the HD FDD UE could not. In consequence the power consumption of the HD FDD based implementation would be reduced by some 40% for the same UL data rate compared to a full-duplex based implementation.
Note that we consider above dimensioning example as a theoretical upper bound only. The reasons are that the HD FDD UE implementation would still be expected to receive at least 2 DL subframes to process subframes 0 and 5, and it would need to receive PHICH/PDCCH in support of UL transmissions. Therefore, traffic asymmetry can at most reach 4 DL:4UL.

Correspondingly, we would expect to see reduced power consumption numbers when compared to full-duplex FDD by much less than the above number of 40%.
4
Conclusions and Recommendations

In this contribution, we discuss anticipated power consumption savings for reduced maximum bandwidth, single Rx RF chain, reduction of peak rate, reduction of Tx power and half-duplex techniques for Low-cost UE’s.
Following our analysis, the use of single Rx RF and reduction of peak rates for Low-cost UE’s provides the most immediate gains in power consumption numbers when compared to the reference Cat 1 UE.
Table 1: Summary of expected power consumption reduction for low-cost UE techniques in TR 36.888
	
	Reduction in power consumption
	Notes

	Reduction of maximum bandwidth
	Significant
	Gains mostly from implicit reduction of peak rates

	Single Rx RF chain
	Highest
	Gains both from smaller silicon area size / power dissipation and implicit reduction of peak rates

	Reduction of peak rate
	Significant
	Indirect factor contributing to gains observed for other techniques

	Reduction of Tx power
	Some
	Achievable gains strongly depend on design assumptions for Low-cost UE’s

	Half-Duplex operation
	Some
	Strongly depending on expected traffic scenarios
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