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The evolution of RAN
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VRAN Architecture

Midhaul Fronthaul
Connectivity between  Connectivity between
the CU and DU the DU and RRU
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gNB gNB-DU gNB-RRU
Backhaul CuU

Connectivity between
the 5GC and CU

* Centralized Unit (CU): non-real-time processing

e Distributed Unit (DU): real-time processing and
coordinates MAC, RLC and PHY

 Remote Radio Unit (RRU): amp. & sampling
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A DU has to perform many tasks

1. Receive Uplink (UL) subframe (SF) n (OFDM symbols, after FFT)
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From RU To RU
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A DU has to perform many tasks

1. Receive Uplink (UL) subframe (SF) n (OFDM symbols, after FFT)
2. Process UL data channels in UL SF n
3. Process UL control channels in UL SF n

Uplink
A
l Transport Block [CRC [ (Hard tits) | CRC check
i Code Block .'[CRCI--- Code Block ]CRgl (Hard ties) | Filler bits removal
—h
| CodeBlock |CRC] Filler bits | (Hard i) | LDPC decoding
; omn 1
| CodeBlock | CRC| Filler bits | Parity bits | @ettbits) | Filler bits addition
| me x Z |
| CodeBlock |CRC|Parity bits | ok bits) | Rate de-matching
|'iifcode Block  [CRC | Parity bi]: | senbitz) | Demodulation
O [ OFDM symbols ] O
Process Process
data ch. control ch. >
UL SF n UL SF n
From RU ToRU
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A DU has to perform many tasks

Receive Uplink (UL) subframe (SF) n (OFDM symbols, after FFT)
Process UL data channels in UL SF n

Process UL control channels in UL SF n
Prepare Downlink (DL) SF n + M (M=4)

— Prepare basic synchronization signals

I A

— Compute radio scheduling grants

Process Process Compute
data ch. control ch.=—— grants >
UL SF n UL SF n DL SF n+M

From RU To RU
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A DU has to perform many tasks

1. Receive Uplink (UL) subframe (SF) n (OFDM symbols, after FFT)
2. Process UL data channels in ULSF n
3. Process UL control channels in UL SF n
Downlink
4. Prepa re Downlink (DL) SF n + IVI (M=4) Append CRC | (Hard bits) [ Tra'?sportBlock ICRCL
5.  Process DL data channelsin DLSFn+ M cB segmenaton |ounve |Gt _[GR)|_comos_]cwe]
6. Process DL control channels in DL SF n + M Flerviseion jewes | Goroet [CRel flemie
7. Send DL SF n+|\/| to RU (to perform IFFT) LDPC encoding | (Hardbitsy | Code Block |CRc]Fi||erbits]Per1nritybeits|
Filler bits removal | (Hardbits) | Code Block [ CRC | Parity bits |
Rate matching | (Harabits) [771Code Block [CRC] Parity bi:]
Modulation | OFDM symbols \
(?) (?)
Process Process Compute | Process Process
data ch. control ch.=— grants = data ch. = control ch. =
UL SF n UL SF n DL SF n+M DL SF n+M DL SF n+M
From RU ToRU
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Dependencies

Subframe

l“ll‘ll“llr

PDSCH [ PUSCH | PDCCH carrying DCI

B UCI (multiplexed in PUSCH or carried by PUCCH)
- Feedback — Data allocation

<

'Subcarriers,

DL and UL grants -> Downlink Control Information (DCl)
« HARQ feedback -> UL Control Information (UCI)
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Dependencies (in more detail)

UL subframe (TTI n) DL subframe (TTI n+M) ‘ Dependency — »
/ A \ A l
MAC UL HARQ Feedback "From MAC MAC
A e fg';;d“"“g VY ~Control Format______ Y L P, S, 5 5
DU worker Get | |Base signals
Lowoder | FFT || PUSCH PUCCH| i p/B3Se signals | PDSCH PDCCH | PHICH | PP | e
Transport | (UL) process process grants PBCH) process process|  process (DL) m, Transport
: i \ ucb;_:DSCH — ) I 4 4 v ........ ¥
3 i Offloaded to ca = ACKINACK=— DL: Resource allocation e AGLTE onl Offloaded to 5 :
Tl RUInNO-RAN UL HARQ Feedback UL/DL: Resource allocation g RUin O-RAN T
rocessing budget = M-23-1 ms
! P ing budget = M-25-1 7

* DL grants must be computed before PDSCH because they carry information
required to encode and modulate DL

* PUSCH and PUCCH must be processed before computing DL grants because
they carry users’ feedback (DL HARQ, channel quality, etc.) in UCI messages
(dotted arrows in Fig. 7), which is required to schedule DL data appropriately;

UL HARQ feedback can only be computed after processing PUSCH; and this
feedback is required to schedule UL grants within the same job to satisfy 3GPP
timing constraints;

* UL grants must be computed before processing PDCCH, which carries those
grants, and (in case of LTE) before processing PHICH, which carries UL HARQ
feedback.
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Timing is critical

* Tight deadline to process each DU job

ucadm

— Otherwise sync is lost

From RU

LTJ

Process

data ch. ™control ch™= grants

UL SF n

data ch. ™= control ch. =————— -

Process Compute Process Process To RU
DL SF n+M DL SF n+M

ULSFn DL SFn+M

Hard deadline: 3 ms
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VIRTUALIZING THE VIRTUAL RAN:
APPROACHES AND CHALLENGES
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Over-dimensioning

* Virtualizing a base station (eNB/gNB) is hard

— Distributed Unit (DU) pipeline has tight computing deadlines

— Violating deadlines loses UE-DU synchronization (network collapse)
* |Industry today: over-dimensioning

— Offload some tasks (FEC) to dedicated hardware accelerators
— Intel FlexRAN (FPGA) or NVIDIA Aerial (GPU)

t t+1 t+3 t+4
- ' I I
J Jobl Jf§ Job2 __Job1 M Job2 ¥
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Challenge: cost

66

66
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Dedicated custom ASIC [application-specific integrated circuit] processors that
vendors design for their base stations cannot currently be matched by general
purpose processors (GPP), when it comes to supporting advanced RAN
functions. If a chip supplier surrounds the CPU with enough accelerators -
FPGAs, GPUs (graphical processor units) or ASICs -to offload the most
demanding tasks, the solution becomes very expensive and potentially power-
hungry

Fredrik Jejdling,

Executive Vice President and Head of Business Area Networks at Ericsson
Pre-MWC 2020

They [FPGAs] give you flexibility, they give you time-to-market
advantage, but then they’re expensive.

Rajeev Suri,

CEO, Nokia (till 2020)
Q3 2019 Results Conference Call October 24
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Sharing computing resources

Sharing =» No deterministic
computing performance

t+1
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Job 2
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Challenge: timing

e Variable capacity and variable demand

3
- 1.0
From RU |Process Process Compute Process Process To RU £
s (lata ch. mecontrol chm grants == data ch. == control ch. 205
ULSFn| ULSFn DLSFn+M DL SFn+M DL SF n+M 2
3
%% 2 10
Hard deadline: 3 ms :
: SNR (dB)
Process data ch. cl(a)mfciscsh ngﬁ:jst € ‘ Process data ch. CIZIrw?c?;Scsh
UL SFn ULSFn DLSFn+M (e DL SF M

UEs won’t receive DL SF n+M
when expected (loss of synch)

vucdm | Universidad Carlos lll de Madrid 15



Toy experiment

e 5xCPUs @ 1.9 GHz, 2x vDUs sharing platform
—vDU 1 (y-axis): Max. load uplink and downlink
— vDU 2 (x-axis): Increasing load (noisy neigh.)

=2 1.00

35  vDU 1’s throughput

g~ 00 collapses

g 090 * Reason: Processing
0.25 deadlines are violated
0.00

05 10 15 20 25

Mean computing interference vDU 2 (ms/job)
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Our Approach: Cloud Awareness

* A cloud-aware re-design of the stack
— Relax the tight interactions between functions
— Support a graceful degradation

Traditional stack Pipelined stack . L
4 Computational elasticity

—— Classic approach

—— Elastic Approach

NF.

Elasticity
gains

Min.
footprint

Performance

NF

— Strict latency requirements Resource Shortage

-------- > Loose latency requirements

P. Serrano, "The path towards a cloud-aware mobile network protocol stack,"
Transactions on Emerging Telecom. Tech. Technologies, Vol. 25, Issue 5, May 2018
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Nuberu

* "The Clouder”: the divinity of clouds (and storms)
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“Their appearance changes from region to region but they are
usually elderly, winged, dark and terribly ugly.”
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A resilient pipelined stack

Baseline
FromR_Um Traditional stack Pipelined stack
NF,

NF-

To RU

I-»I

>
F A A q
| * i
1
Fr OF control cr T
ULSFn ) Strict latency requirements To

RU

A
c

-------- > Loose latency requirements
PDSCH

Cmm———
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A resilient pipelined stack

* Decouple heavy tasks (PUSCH, PDSCH), which
alleviates head-of-line blocking)

* Hard deadline for data processing workers

— This guarantees sufficient residual time to build a
minimum viable SF (MVSF), which preserves sync

Budget to build a MVSF

Process ——#

PUSCH | :

| 1

Process I Compute Place bGPSr:gels']SGB :

F mm ~~ntrol ch. ﬁ grgn‘l‘g m PDSCHDL = 8. PD(?CH q:
rom  ~Uisen SF n+4 SF n+4 To
_U DL SF n+4 ,
Process Rti,

PDSCH

{ Hard deadline

|
|
|
|
|
|
|
| for data workers
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Approach: Three families of workers

. Hard time constraint (k=M-1 TTis)
h : Budget to build an MVSF

: UL HARQ |
UL-Data : MY feedback ' MVSF deadline: Hard
worker(s) ] PUSCH : deadline for data workers

- | Process || Compute : Place Process base signals :

snnwTRan

forethread :~control chy  grants 5 PDSCH 2 & PDCCH
: [ULSFn |DLSFn+M ;e | L DLSFn+M DLSFn+tM |
: Process DL SF n+M: Deadline to f"
DL-Data iy UL SF n: Wireless=g5 g0 : deliver wireless samples  :

worker(s) : samples arrive

DU forethread

— (i) building the MVSF;

— (ii) coordinating the remaining workers
 DL-Data DU workers: process PDSCH tasks

 UL-Data DU workers: process PUSCH tasks
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Approach: Two phases

Baseline

UL subframe (TTI n) DL subframe (TTI n+M) Dependency — »
s A — .
MAC  ULHARQFeedback From MAC MAC S
A E gt Sggeqmmg | V /‘ﬁBﬁGE}:F;_r;\;t B \ 4 - 77"”"’“'\_ 777‘77”:""'\ 5
Get | |Base signals
FLI;I:I’ -~ PUSCH PUCCH > DL/UL (PSS/SgSS, ~ PDSCH PDCCH > PHICH IFDIT_T _________________________________
(UL) process process grants PBCH) process process|  process (DL) M‘
: i . UCI\ PDSCH /‘\ I A 4 | H
}=n+ 1 Offloaded to TR _ AcKiNpcie== oL Resource aﬂocauon - P , 4G UTEony Offoaded o e n+M
RUiniO-RAN : UL HARQ Feedback UL/DL: Resource allccatioq 7 . RU in O-RAN B
Processing budget = M-25-1 ms i
UL subframe (TTIn DL subframe (TTI n+M
74l A ‘ —~
C‘vo‘ﬂt;?sa‘a by , Decode J | «~~MVSF deadline Dependency —»
"""""""" Offiadedto TR = TBs 4 ULHARQULHARQ
o By ;)-RAN i ———— UuL:Sched Requeg R vfeedback ,\ UUDaL"o'z::g:me ‘ Feedback 4 6
DL | B ignal
forethread | FFT PUCCH ase signals PDCCHY|_ iPCFICH iPHICH:_|IFFT|—*~—
temp > (PSS/SSS, [gmemai-a E-HAR > > L it R e
(uL) process ranr:s ( Sl Wit § Q process| process: process: |(DL)
v el PDSCH e 'DL: Da}faa(,;xgacaltlion (inc. future ‘ '
NDL-DataDU  Demitblex ackmack— e v Offloaded to
WOTKEIS e ) k| Encode ¢ ";;:.'...... A s A T
TBs ¢ -
T=n+l Phase | Erom MAC T=0On:=n+M-1 Phase Il . T=n+M
Processing budget = M-26-1 ms i
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DL: Two stage scheduling

. Hard time constraint (k=M-1 TTis)

Budget to build an MVSF

Process PUSCH from UL SF n ¢
: UL SF n: Wireless

UL HARQ
feedback

I UL/DL ‘ Place Process :
Job Sched. data ch. Hcontrol ch. [
LU L SF n+M) DL SF n+M::

E + : i .
for data workersrv; DL SF n+M: Deadline to (>-

eliver wireless samples
Process TB
fOl’ DL SF n+M % Ready for

*s+ next job

Process TB for DL SF n+M 5 |
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UL: Early Hybrid-ARQ (E-HARQ)

Hard time constraint (k=M-1 TTis)
Budget to build an MVSF

|
4

Process TB from UL SF n UL HARQ

’ » " W\ - feedback
::‘ samples arrive

: UL/DL Place Process
Job n Dlé Sched. Ky mNE SCULTA  data ch. Hcontrol ch.
4 Stagel LU DL SE n+M/ DL SF n+M:

fHa(:dtdeadli(ne r" T DL SF n+M: Deadline to (-N
or data workers : é]deliver wireless samples :

fOI‘ DL SF n+M E . Ready for

, hextjob
.....

Process TB for DL SF n+M
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Adapt DL/UL grants to capacity

Hard time constraint (k=M-1 TTis)
Budget to build an MVSF

|
v

Process TB from UL SF n

 Process TB from UL SF n

UL HARQ
feedback

: UL/DL Place Process
DL Sched. Sched. data ch. Hcontrol ch. :
St'age | SIEGCY B DL SF n+M DL SF n+M"

Hard deadline ) i :
for data workers( : T DL SF n+M: Deadline to ¥

g]deliver wireless samples
Process TB (
for DL SF n+M % Readyfor

- next job

Adapting a flow of requests
(encoding) to a server
capacity (computing
platform): cong. control
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Two Congestion Control Algs.

* Predict & schedule DL/UL grants that can be
processed in time
 Simple AIMD approach with a CW that limits the

size of grants

— DL: if the buffer of encoded grants @imes the
BS’s bandwidth -> reduce CW

— UL: Failed E-HARQ predictions -> reduce CW

vucdm | Universidad Carlos lll de Madrid
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It works!

* Same toy experiment as before

52 1.00 [
Qs . = Nuberu  Baseline
— O
av 075 Baseline vDU 1 loses
S | connectivity with computing
8 interference from vDU 2
= :

0.25

0.00

05 10 15 20 25

Mean computing interference vDU 2 (ms/job)
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Evaluation: Multiple DUs

 We emulate the presence of competing vDUs

— A small test program with a thread pool that
spawns instances of Intel FlexRAN decoding TBs

Baseline
© 1.0 © 1.0
808 808
=0.6 =06
204 204
%az goz
£ 0.0 < 0.0
=) 2 4 6 8 10 a 2 4 6 8 10
Number of competing vDUs Number of competing vDUs
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Throughput-delay trade-off

 Artificially slow down the CPU processor

| Baseline

100 —— @ 3
075 ‘\f\: S
5 050 N—_ &
£0.25 3 10 -~
= 0.00 0 —— -+

1/5 1/40 1/80 1/120 16 1/40 1/80 1/120

Encoder computing capacity (b/ns) Encoder computing capacity (b/ns)
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Summary

* The success of vRAN depends on the ability to use
shared computing platforms

* The Distributed Units (DU) of vRANs are sensitive to

non-deterministic performance due to hard time
constraints

* Nuberu: a re-design of the baseline DU pipeline for
VRANS over clouds of shared resources

— Preserves synchronization with the users to provide
reliability regardless of computing fluctuations

— Congestion control, predictive HARQ, and jitter-
absorbing buffers to maximize performance
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