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*https://www.bell-labs.com/institute/blog/in-the-6g-era-we-wont-need-to-sacrifice-sustainability-for-the-sake-of-performance
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Flexibility in the radio
Cell-free massive MIMO

MIMO

mMIMO
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+* More of the same is not a solution!

+ Diminishing returns due to correlation
s Cell-edge either suffers or consumes high

energy

+» Distributed small dense radio + coherent joint
processing = cell-free massive MIMO
+ Ideally no-cell edge users - higher EE

Flexibility in the fronthaul
Wireless fronthaul

Fronthaul
Channel

Easy flexible deployment
Fronthaul can be shared.

Wireless connectivity - coverage
issues

Higher power consumption compared
to the fiber!

Flexibility in the processing
Virtualization & cloudification

Isolated processing Pooled processing
Processing cannot be shared! Processing fully shared
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¢ Decouple proprietary hardware and
software -> easy updates, reduced
hardware footprint

** Host multiple workloads -> higher
resource efficiency

¢ Processing pooling -> higher
efficiency

Energy-aware resource allocation for radio, fronthaul and processing!!!

Ozan Topal, oatopal@kth.se, SweWIN Workshop
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! Cell-Free Massive MIMO & Open RAN

Cell-free access

* Downlink cell-free massive MIMO system realized on top

Wireless /ﬁ Of O'RAN arChiteCture.
Fronthaul UE L
y ¥ s * Only split options 8, 7.1and 7.2 are viable in cfmMIMO.

= \) « Wireless fronthaul is considered. (mmWave band)
‘ - mmWave band with TDMA/SDMA.

- LOS connectivity

- Hybrid beamforming, analog combining

 Access is sub-6GHz band

O-Cloud

i Compute cluster
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* Centralized precoding for split 7.1 and 8
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| \ y * Distributed precoding for split 7.2
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R7.2 = ZAf]\’rusedI\'rbits Z Tkl RT,I — 2AfNusedNbitsM Rg = ZAfNDFTNbitsM
k=1
Split 7.2 Split 7.1 Split 8
- Higher total power consumption - Lower total power consumption d

Ozan Topal oatopal@kth.se, SweWIN Workshop - Lower fronthal.” bandW|dth - ng her fronthaUI bandW|dth
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G odular End-to-En ower onsumptlon ode
s
Cloud processing: - IKey assumption: Turned-off part
pree + Agr;;; GOPS in the cloud— consumes no idle power
proc __ *Vy GPP
== s | MACRE | Endtoend power:
# active GPPs Processor efficiency L
Ptot - (PRUJ + P]_:f{&hl) + PCloud + P(fjrlghd
(2) Cloud fronthaul: ; |
2
L
)
Pérlgl:ld = AT Zﬁl+MCPPA+NCMCPPS+NC(Pmi)(_'_PDAC) Piot = Prixed + C{JZZPM +c Z]sz +CZZH M)
b G oo | (Y
FH transmit power #act ant. # Eek AR Eieln -

+c3 ZZH Pri +C4ZM1 (Z]I Pkl)) +652P1

for FH o mm—_——_— =1 k=1 =1
RU fronthaul: Split7.2

:«:T:)z: @ P gﬁrllth = Ppip

3:@} = RU processing: GOPS at the RU-site
pproc _ pproc 7] Split 7.1
RU,l — RU. 0 -

IC’RU,mau.x ~a
-0 for split 8 and 7.1 Processor efficiency -
= 1for split7.2 Split 8

RU hardware & transmit
PR = M.;Pst +AYP,

!

1 5
# active anten nas Transmit power

Following resources effect power
consumption in network:

Transmit power

#Active antennas

#Active RUs

RU-UE association
#Active fronthaul antennas
Fronthaul transmit power
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+ Deployment phase: Decide #RUs, #antennas per RU, fronthaul radio equipment, processors, and functional split.

* Given deployment solve end to end power minimization problem:

minimize Pioial (la)
{Mi,p1 k.P1.ti }

subject to 21 79
SINR, > v, 1ty VE SINR thresholds Fowres 82

t; BT log, (1 + Ayfy) > 071 M, VI (1c) Fronthaul rate constraints for Precoding Centralized  Centralized  Distributed
L chosen split!
Z oy < Py, Vi (1d) FH rate #Antennas #Antennas #UE
scale streams
Algorithm Group- Group- Block-
t; < . i
Z i <1 (le) >_ time, power, and sparse sparse chsacr:oél:fte
K antenna resource
ZP*'- <P, Vi (1) limitations
k=1
M, e{rs, +1,...,M*}, VL (lg) _J
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Simulation Setup

= 5G scenario, 3.5 GHz access channel, 28 GHz in wireless fronthaul

= 1km x 1km square region

= 16 RUs grid deployment each equipped with 8 antennas, cloud at the center
= UEs are uniformly distributed, SE requirement is set to 2 bit/Sc/Hz.

MTh pp, 64, 256 Nbits 12

fs, B2c, Bfrh 122.88, 100, 1000MHz | T 35.68 s
Py, Py, pilot pow. 5, 20, 0.5 W Phixed 120W
Te, .Jp 260, 6 Tcool 0.9
CEA% CRU .max 360, 180 GOPS Pet 6.8W
_\ﬁ‘{j& AT TAW by ] 20.8W
NDFT-Nused 4096, 2667 Peomp | 20.8W
Popte.PoLT. Pptp | 1.8, 20,35 W Al 4

Ppa. Pps. Phix 25, 75, 1000 mW Ppac 3.8W
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Power Consumption vs Functional Splits
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I RU Hard.
_ |l RU Proc.
I RU Frth.

I O-Cloud Frth.
[ O-Cloud Proc.

S8 S7.1 S7.2

In cFMMIMO, processing and fronthaul dominates!

RU Hardware: Split 7.2 higher radio hardware PC: Distributed
precoding is inefficient, more antennas active!

RU Processing: In higher splits, more processing is done in the
RU site --> high power consumption

RU Fronthaul: Split 7.1 and 8 should be same but in K=8, split 8
consumes less due to more strict fronthaul rate constraint.

Cloud Fronthaul: Split 7.2 consumes unnecessarily for K=8.

Cloud Processing: Split 7.2 consumes unnecessarily!

Centralized precoding pays off!
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% of Maximum Power

Benchmarking

60

(a) Wireless FH.

6 8 10 12
Number of UEs

(b) Optical FH.

90
S0 —
Tl =——t¢— Cloud-only

wn@ Radio-only, RU[8]
sosmenn Radio-only, RU&Ant

60 || —@—E2E, RU[8]

—f— E2E, RU&Ant

50

6 8 10
Number of UEs

12

O Approx. 70% energy can be saved with the
proposed method!

0 10% further gain by fronthaul postprocessing.
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Power Consumption vs Deployment

4500 \ . , |

—e— Full-on

4000 |- | —&— Radio-only
— —a— End-to-end, 10% idle-on
B 3500 | |= o~ End-to-end idle-off
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Denser deployment —> higher energy consumption

Energy
consumption trend
changes!
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Denser deployment + intelligent control —> lower power consumption
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Sustainable networks

Joint radio, fronthaul, cloud resource allocation

6 ¢ © ¢ ©" o
Network virtualization Wireless fronthaul Cell-free massive MIMO

* Split 7.1 strikes a good balance between wireless FH and power consumption.

* Further fronthaul resource allocation required to lower the rate requirements.
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Q&A

Thanks for listening!
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