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Mobile internet: cost in US$/GB
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Mobile internet is fueled by a steady decrease in cost per GB:
0.1x /5 years, ...
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Cellular downlink [Mbit/sec] K %

A GLOBAL INITIATIVE
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... and by a matching steady increase in (peak) downlink data rate of
10x /5 years, ...
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CMOS feature size [nm] @
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... enabled by a steady decrease in (CMOS) feature size of “only”
0.5x /5 years, ...
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X versus LR

~

A GLOBAL INITIATIVE
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X versus LR

A GLOBAL INITIATIVE
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Can ITRS keep up with 3GPP ?
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Plan: “GMAC[16b]/200m)J” (= GMAC/s/200mW )

Focus on “Multiply-ACumulate” (MAC) part of baseband processing
Assume power budget of 200 mW for “MAC part”

Quantify:
* available GMAC/200m] [16Db] for “ITRS year”
° required MAC/b (16b-MAC/received bit) for “3GPP year”
— required GMAC/s for high-end data rate for “3GPP year”
With Dennard scaling: /5 year
Robert H. Dennard [1974]:
CMOS o 0.5
L x o, Ve o (“constant field”)
— Energy o3 0.125
— Cx a, / «a (constant|/u)
= GMAC/]J o3 8x
— delay = CV/] x a .
3GPP bit rate 10x
— energy = CV? «xo3 -
... the outlook seems promising!
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Dennard scaling? Does “V o« [77?
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No! Feature size/voltage: we have lost an order of magnitude!
... and the gap is widening
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GMAC[16b]/200m]Joule
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However, Dennard scaling lasted only 1 decade: 1991 - 2002

ye ST
MPSoC 2011 -- Beaune, 2011, July 6 —— Kees van Berkel TU/e O&u;. ERICSSON

@



Baseband (simplified): MAC/bit
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* *MAC part”: mostly complex numbers, 2x16b:
FIRs, lIRs, FFTs, correlators, M xV, MxM, M-7, data selection, ...

* WCDMA: a rake receiver also uses “1bx16b” complex MAC (additions)
° total: 100 <= 300 MAC/bit (simple <= advanced algorithms)

° trend: towards more advanced algorithms, to mitigate interference
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3GPP versus ITRS: an increasing GMAC gap
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° 2010 - 2020: modem power up 13x (more with heavier algorithms!)
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Closing the gap 1: increase power budget

14 10000

* power of MAC part will increase 12 - relative power
13x in the current decade: 10 | —10x/5year 1000

° unlikely for smart phones, but 8 7

6 4
* some increase likely for tablets , . - 100

2 .

0 —- 10

e 2010 2012 2014 2016 2018 2020

« OEeips

Larger surface area of tablets:
®* more room for batteries
® larger area to emit heat

° more room for antennas
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Closing the gap 2: peak rate for bursts only

120% 10000
keep average bit rate 100% -
@ constant power of 200mW
80% - — duty cycle -~ 1000
relative power
allow peak rate for bursts only g - bt rate

(throttling the DL stream)

40% - - 100
period << 20%
thermal time constant handset

0% 10
period < wuser response time 2010 2012 2014 2016 2018 2020

(content dependent)

This results in a decreasing duty cycle of the baseband processing.
Bonus: fewer DSP resources needed.

This requires a standardized protocol with the base stations.

oo ST
MPSoC 2011 -- Beaune, 2011, July 6 —- Kees van Berkel TU/e ‘u a‘.. ERICSSON

@



Closing the gap 3: optimize algorithms

350 10000
Equivalent algorithms may 300 - required MAC/bit
require fewer MACs/bit, e.g 250 — 10x /5 year 1000
* Fast FIR 200 -
= = . 150 |
* frequency-domain filtering 100 - - 100
° .. 50 -
0 —- 10

.- but unlikely to provide 13x 2010 2012 2014 2016 2018 2020

Simpler algorithms for high bit rates: (scalable algorithms, adaptation):
° high bitrates only feasible when channel is “clean”;
* .. allowing for simpler algorithms that require fewer MAC/bit.

That is, high MAC/bit algorithms only when channel is challenging.
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Closing the gap 4: more parallelism at low Vdd

1. scale Vdd with /load increase 1.2 - — Vdd (ITRS 2009)
to keep dynamic power constant 1.0 - VE(ITRS 2009)
P ay P 1.0 — Vdd required
0.8 -
2. calculate f . slow down 06 |
04 -
3. compensate lower f .
by increase in parallelism 0.2 4
0.0

i !
4. calculate area & watch in horror! 2010 2012 2014 2016 2018 2020
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Closing the gap 5: optimize HW architecture

. . 16 words wide . _1word wide _
Conflict: ° - :
vector memory I
°* multi-standard, multi-channel !

vector registers [16] scalar regs[32]

E[‘_

Load/Store U

push: HW — SW

g T —
% 5 Load/Store Unit I .
* to close the power gap SR ___av [ av j |5
pUSh: SW — HW E’ % ___MAC/Shift Unit MAC U !
S - M

Intra-Vector Unit

Code-Generation Unit '

Efficiency of DSPs [GMAC/J] is improving relative to HW
SIMD, SIMD width, complex number support, special instructions, ...
... historically a few % per year, likely to continue.

share of load on DSP to decrease over time?

DSP flexibility often overkill; more tailored flexibility needed

(how to quantify flexibility, versatility ...?)
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#accumulators, area [3 scenarios]
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- conclusion

X versus

~

A GLOBAL INITIATIVE

In the decade 2010-2020:

° the cellular peak downlink data rates will increase 100x
(the associated baseband workload may grow even more)

* whereas CMOS feature size will decrease by only 4X
and, as a result, MAC/200m]J will increase by only  8x

To close this >13x gap between available and required GMAC/200m],
we need to:

1. allow for a somewhat higher power budget for modems in tablets,

restrict peak rates to a controlled duty cycle,

optimize baseband algorithms & adapt them to channel conditions,

operate at a (slightly) lower Vdd by using more parallelism (?),

vrT b W N

optimize the hardware: by (less?) usage of more efficient vector DSPs.
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