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Agenda

« OBSAI and CPRI Overview
* AIF2 interconnection topology
» AIF2 block diagram and data flow overview
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Protocol Overview

» OBSAI (Open Base Station Architecture Initiative)

— RP3 antenna interface supports 768Mbps (1x), 1.536Gbps (2x),
3.072Gbps (4x), 6.144Gbps (8x) link rates
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OBSAI RP3 Message Format

Address Type | Timestamp Payload
; —» —>< . >
13 bits 5 bits 6 bits 128 bits = 16 bytes
>
3 bytes
g

19 bytes

« OBSAI RP3 protocol is message based:
— providing the mapping of different types of packets to the payload.
— responsible for the end-to-end delivery of the messages, which is simply routing

of messages.

— responsible for framing of messages and message (link) synchronization

« OBSAI protocol identifies different antenna stream according to
the message header (different type or address); while CPRI
protocol identifies different antenna streams according to time
slot in the frame (Time Division Multiplex).
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OBSAI RP3 1x Frame Structure

—toms—»]

,m Master Frame 1 Master Frame 2 Master Frame 3 Master Frame 4 E = =

768000 bytes

Message groupl Message group I " = = I Message group I Message group |
1 2

1919 1920

400 bytes

M1 M2 M3 M4 M5 Mé M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 M21 !

K28.7 if MG =1920,

else K28.5
Address Type | Timestamp Payload
>le—>le »>le >
13 bits 5 bits 6 bits 128 bits = 16 bytes

< g

3 bytes
¢ g

19 bytes

» 1xlink rate = 10 bits/byte * (19 bytes * 21 messages + K28.x) * 1920 message
groups * 100 frames = 768Mbps
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OBSAI RP3 1x Frame Structure

—toms—»]

,m Master Frame 1 Master Frame 2 Master Frame 3 Master Frame 4 E = =

768000 bytes ‘—""‘—————___________*____*___—~____-___-___-___-———

Message group Message group " = = Message group Message group |
1 2 1919 1920

400 bytes

M1 M2 M3 M4 M5 Mé M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 M21 !

e
@)

K28.7 if MG =1920,
. else K28.5
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16-bit I/Q data packing

10ms

<

g

'M Master Frame 1

Master Frame 2

Master Frame 3

Master Frame 4

768000 bytes

Message group

Message group

Message group I

Message group

1 2 1919 1920
400 bytes
AxC AxC AxC AxC AxC AxC AxC AxC AxC AxC AxC AxC AxC AxC AxC AxC AxC AxC AxC AxC cM
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

19bwé§**---___hRRRh____hRhhRkhhhhhRRRkhhhhhhRRkhhhhhhhhhkhhh&h&h&h&k&k&h&

Control Sample/ Sample/ Sample/ Sample/
header Chip 1 Chip 2 Chip 3 Chip 4
3 bytes 4 bytes
16-bit | 16-bit Q

7y

One Control Message
out of 21 messages
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Dual Bit Map (DBM)

> A link may carrier just multiple of AXC number, for example
WCDMA, LTE, TD-SCDMA.

» DBM is not really necessary for these cases
> For below example, X=4, bit map = 0, bit map length=1

One message group

AxXC | AxC | AxXC | AxXC | AxC | AxC | AxC | AxC | AxC | AxC | AxC | AxC | AxC | AxC | AxC | AXC | AxC | AxC | AxC | AxC
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

> For some radio standards, such as 15MHz LTE, Wimax and
GSM, the link speed is not just multiple of antenna data speed.

» DBM rules should be used to implement a “rate matching”
» For example, if the link speed/antenna data speed = 10/3= 3.33333...
> For below example, X=3, bit map= 001, bit map length =3

One message group
AXC | AXxC | AxC | AxC | AxC | AxC | AxC | AxC | AxC AXC | AXxC | AXC | AxXC | AxC | AxC | AxC | AxC | AxC
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

> DBM is defined by OBSAI specification, CPRI specificatin
g%?qsi not define it. But AIF2 implements it for both OBSAI and
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Protocol Overview

» CPRI (Common Public Radio Interface)

— 614.4Mbps (1x), 1.2288Gbps (2x), 2.4576Gbps (4x) ,
3.072Gbps (5x) , 4.9152Gbps (8x) link rates supported

— Focus on Radio Interface only, counterpart of RP3 of OBSAI

Radio Equipment Control (REC) Radio Equipment (RE)
Control & Sync. Lser Control & Sync. User
Network Mgmt. Mgmt. Air
i i
Interface A A s A A A Interface
Layer 2 Layer 2
Layer 1 5 I = | Layer 1

Digitized Hadio base Station
Internal Interface Specification

> AIF2 supports both CPRI and OBSAI RP3 (only one
mode can be used at a time).

> AIF2 Timer Module supports OBSAI RP1 clocking
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CPRI Protocol Stack

Application Layer:
> User Data Plane, Radio data transported as IQ samples
> Radio Synchronization, Air interface reference frequency and frame timing

» Control and Management (C&M)
- L1 Inband Protocol: To maintain the CPRI link
- Slow C&M: Low bandwidth OAM&P channel
- Fast C&M: Higher bandwidth OAM&P channel

Layer 2: .
— Media access control Control & Radio Application
FI trol User DataPlane Managment Sync Layer
- ow contro
L
— Data protection of the control and t - [
management information flow ol = 2| e Mfap&r:g
. cPrl| | Axccontainers |[S=| 2 |2 | 8 | E
Layel’ 1 . Layer 2 E\—i E é E E ][
— Electrical characteristics Switching/ @ 2| 2 | | switching
. — Combining = Layer
— Optical characteristics ' '
F | [
— Time division multiplexing of the Time Division Multiplexing Data Link
different data flows CPRI Delay Calibration | Laver
— Low level signalin Layer 1 EB10B Serializer/Deserializer [ _
g g Clock & Data Recovery P[':S'e“'ra'
¥ Electrical PHY Optical PHY ¥ y
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CPRI 1x Frame Structure

- 10 mS —P

Radio Frame 1 Radio Frame 2 Radio Frame 3 Radio Frame 4 @ @ o
614400 bytes
HiN
Hyper | ‘rame Hyper Frame Hyper Frame Hyper Frame
o @ o
i 1 148 149
4 bytes
/ K28.5

BF BF BF BF BF BF BF BF ® ® ® BF BF BF
0 1 2 3 4 5 6 7 253 254 255

16
_ Payload, 15 bytes = 15 * 8 bit = 7 *16 bit = 16 * 7 bit = 8 * 15 bit

1 bytes \

1/Q bit
interleaving

» 1xlink rate = 10 bits/byte * (1+15) bytes * 256 basic frame * 150 Hyper frame *
100 radio frames = 614.4Mbps



CPRI 1x Frame Structure

- 10 mS —P

Radio Frame 1 Radio Frame Radio Frame 3 Radio Frame 4 [ J
614400 bytes
BEN.Isb
HiN * BFN.msb
Hyper | ‘rame Hyper Frame Hyper Frame Hyper Frame
[ J [ [ ]
1 148 149
4 bytes
/ K28.5
BF BF BF BF BF BF BF BF ® ® ® BF BF BF
0 1 2 3 4 5 6 7 253 254 255
16 bytes
@) Payload, 15 bytes = 15 * 8 bit =7 *16 bit = 16 * 7 bit = 8 * 15 bit
1 bytes
. 1/Q bit. lo Qg 11
interleaving
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LTE Sample Packing in CPRI 4x link
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LTE Sample Packing in CPRI 8x link
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Control Data Mapping

Xs=0 1 2
Ns=o AL

) 1 1 s = = index X of control word
2 > 66 P within hyperframe:
3 b3 Le7
1 A HK=HNs+o64* Xs
g (some indices X are inserted
7 as examples)
8
9 E Comma Byte (K28.5)
10 Synchronization and timing (HFN, BFN)
11 Slow C&M link (HDLC)
12 [.1 inband protocol (Version, startup, reset, LOS, LOF...)
}i ™ Reserved

_ : Vendor specific
15 [ 15 179 1143 1 307 ] Yendor o8t tnermen
! pointer to start of fast C&M

Notes:

1. Ethernet based fast C&M is supported by AlF2.
HDLC based slow C&M is not supported by AlIF2,

Pointer p

2; —————— 2. GPRI Protocol negotiation is not supported by
63 Eox o7 191|255 AIF2. Data scrambling is not supported
i3 TExas
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OBSAI RP3 vs CPRI

OBSAI RP3 CPRI

Link 1x 768Mbps 614.4Mbps,
Speed 2X 1.536Gbps 1.2288Gbps,

4Ax 3.072Gbps 2.4576Gbps

8x 6.144Gbps 4.9152Gbps
Data precision 8 bits, 16 bits 7 bits, 8 bits, 15 bits, 16 bits
WCDMA Streams | 16 (8/16 bits precision) 15 (8/16 bits precision)
Supported by 4x 16 (7/15 bits precision)
link
Packet Efficiency 81 g/1 9)*(399/400)*(20/21)= | (15/16)= 0.9375

OBSAI offers more flexibility but more overhead and higher link rates
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Supporting Radio Standards

Radio Standards Sample AxC per Link (Typical case)
Rate 2X 4x 8x
TD-SCDMA 1.28MHz 24 48 96
WCDMA 3.84MHz 8 16 32
LTE 5MHz 7.68MHz 4 8 16
LTE 10MHz 15.36MHz 2 4 8
LTE 20MHz 30.72MHz 1 2 4

*\WCDMA is CPRI and OBSAI originally designed for.

eSample rate of TD-SCDMA and most LTE bandwidth is multiple of WCDMA,

so they fit into OBSAI and CPRI very well (Do not require DBM).

¢15MHz LTE, GSM and Wimax sample rate is not multiple of WCDMA, DBM

(Dual Bit Map) is required for rate matching.

13 TEXAS
INSTRUMENTS



Agenda

 OBSAI and CPRI Overview
* AIF2 interconnection topology
» AIF2 block diagram and data flow overview
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AlF: Daisy Chain Topology

BACKPLANE | BUFFER |
I L e O i I ]
- = |
«—»{S2 41 SO —» 52 #9 S = .
<3 S6 le———{ 53 SO —— 1
: -
ror
o
I :
>l DSP >4 >1 DSP ST
_____ .
$2 o SO IS2 L S| I
53 56 | 4————s3 S0 - m -

Antenna streams automatically forwarded by AIF hardware

Delayed streams may be buffered in the memory of a DSP.
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AlIF: U-Daisy Chain Topology

BUFFER
-S| . S4 | ¢——>lq] . S| ——————n
-« -
—p S2 H1 SH S2 19 SH (- I :
<« S3 S6 [ —— (33 S6 [ —— : :
|
|
BACKPLANE o |
| |
P
-S| - S4 | e—>5] hop S4re——4 1
«—>»{S2 .V SHlea————- .
—p S2 B\ SH S2 N1 SH - :
«—»{S3 SO [—»S3 SOt ———————
" BUFFER |

Similar as “Daisy Chain” for redundant connections

—_— e ——_— ——a
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AlF: Star Topology

S4 S5 S6 S4 S5 S6 S4 S5 S6
[ (I -
! ] N
| o= | [ oz |
DSP 1=k DSP IS DSP | 1=
o [ 5! w2 [ 5] N
182 Tl Rl
| | | | I |
SI S2 S3 SI S2 S3 SI S2 S3
BACKPLANE — [€— o
EXTERNAL =2
> DEVICE 5
[— =

- External device aggregates, formats data, drives the backplane
« Delayed streams: Faraday memory or external device memory

13 TEXAS
INSTRUMENTS



SINFAMALSN]
Svxdl §J

]‘ S)I ¢ dIV

(]
c

d vOdd
Ul ¢ JIY

S)Ull ¢ dIY
d -

ABojodo) pauiquod e : |y

AlF 2 link

-

aue|dxoeq 0]

AlF 2 links

AIF 2 links




Agenda

« OBSAI and CPRI Overview
* AIF2 interconnection topology
* AIF2 block diagram and data flow overview
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AIF2 Module Architecture

=== N AIF2 (Antenna Interface Mega-Module)
: > Cl L_ e — —
- RM » PD - VBUS_Clk —)
SE;'(aI SD : » CPRI ' |
IRX » Input Protocol : “—
Data SERDES MAC |/ Format Decoder |
. p Convert ;
= | AD >
! : AIF2
Rx | I DMA SCR H
L Byeck op || e
J . —
Tx Data BPffer
Byte_Clk FIFOs |4 +“—
I
4 4 4 co 4 ‘7 | H
SR ¢ ™ | ¢ ¢ RT < PE : I
Serial ; ) ) CPRI « k ) I L .| cPPl | .| CPPI |
X < < TX | ¢ Output ¢ Re- & Protocol [Y : 7 WF R "| DMA |°
Data " MAC| |¢ Format ¢ Transmitter l¢| Encoder | CPPI
p p p Convert g — : Sched. T 1 > QM
4 4 | <
-
A S -, 4 > vc
i to and from | VBUSP ¢ Rd/Wr M SCR —
. all modules :
Time .9 K| AT < i » (Slave)
Input S (é S |g : —
¥ S° |g|| AF ol 5 ) EE
) o || Timer n:%n(}j os - Errors &
: 1 | »  Events Events
| : )
.......... AN T - - - - - - - ’
. PHY layer {SD, RM, Cl, RT, CO, TM, AT}
* Protocol layer {PD, PE}
. DMA layer {AD , DB, DMA}
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AlIF: Internal Interface Modules

Data Buffer A
| .Stores the 1Q dat: 2 X AIF2 (Antenna Interface Mega-Module)
— \ PR il
Serial | «Stores the control data PD | VBUS_Clk «—
Dr\:t(a — ¥ M~ P Input Protocol :
SERDES |y l\lMC » Format Decoder | —
N . » Convert :
I N | AD —
: AIF2
AlIF2 DMA \l\ DMA SCR —
*DIO control D%: \gerface
*Packet DMA control : A
Data BVﬁer
Byte_CIK FIFOs ¢ —
|
Serél | +128 bit interface to DMA Switch M ) ey &P
. N Vi
pata ¢ *Transfers data at high rate - [ Protocol : I DMA
“— nitter «— Encoder | CPPI
1] —] | _Convert [ — : Sched. T T > am
. 4 4 | <
T —— — < J ve
: to and f : ,  Rd/Wr |
Time - | o a?larll?odlz(ljgn; l : /(YSBlg)o‘Sel;/‘ » SCR
Input | l — |
VBUS P - -
an g . . . I
-32 bit interface with config. Fabric o ; Errors &
*Transfers config & status info 1 | Events ~ Events
e e e e e — 4
i3 TExas
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AlF: Protocol Decoder/ Encoder

—
- == N / \/ *Extract payload data from byte stream
— p :
Serial - RM b “l P{ *Stores the payload data in the data
SD —r - » CPRI
RX —» RX » Input Protocol Y buffer RAM
Data SERDES |y MAC | 3| Format Decoder
) : ) » Convert | o
Rx : | S:\:i SCR —
__By_te._.q}( _ | D%Z Interface
; —
Tx . Data Buffer
Byte Clk
) . ) o | *Reads payload data from Data Buffer
Serial ¢ e ™)« ) RT ¢ PE RAM
T ¢ “«— «—| CPRI “ )
1 | TX| | ouput «—| Re- «| Protocol €| eAppends a header to the payload data
Data p | MAC | Format ¢ Transmitter ¢—| Encoder ‘I t d t . t th . t
p — 1 4 Convert ¢ — ) NSerts data INto the appropriate
I . message slot.
: to and f]
. I all mod
Time .9 || AT «—T————»] (Slave)
Input 5 (é S |g l \—‘
g &0 E TA|F com all B 22
) imer roma o Errors &
. modules .
i 1 I 2SS . Events
.......... - - - — ’
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AlIF: CPRI Protocol Translators

*Only used in CPRI protocol
= N\ 0 0
-y o -De-interleaves the alternating IQ data
Serial sD : ) CPRI " | bits f
RX | 4 - .
—» 'RX » Input Protocol | e -
Data seroEs | ) whe [ emeut, Protocol | eFQr 7 .bl’[ format, 1IQ Qata sign b
! » Convert extension to yield 8 bits |
- | *For 15-bit format, 1Q data sign
Byte Clk | extension to yield 16 bits (
J
Tx Data Bi,lffer
Byte Clk FIFOs +“— +—>
)
< “—— < co_# -
Serial ¢ ™ m Rt ¢ PE | Only used in CPRI protocol
DTa>t<a N | TX|le— Output ¢ Re- ¢ Protocol *Interleaves the alternating 1Q data bits
¢ «— MAC ¢ Format ¢ Transmitter ¢ Encoder | «Provides ‘I' or ‘Q’ saturation for the 7-bit,
‘ A )y S 15-bit format
| : >
Time .2 |l ar
Input (%; %g 3 B : —
S5 B e ot L erena
; 1 I 2SS . Events
.......... AN e e e e e — 4
i3 TExas
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AlF: RX/TXMACs

I — <
7 sreceiver state machine
Serial — RM > PD . —
RY sD M CPRI *Pi measurement
-y RX » Input Protog
Data SERDES | ) MAC » Format Decod r_’
— l p Convert : D
- I— | “—
! : AlIF2
Rx . I DMA SCR H
__E_By_te._.gk _ | D%: Interface
J +“—
Tx
Byte_Clk —
) — 1 co ¢ i stransmitter state machine —
Serial ¢ 1 TM ¢ < RT 4 PE
Iy 4 ] SR e *TM CPRI L1 Inband Control
[ utpu = 0 q q
Data | | | MAC [ | Fommat | Transmitier | Eneodd TM L1 inband configuration
¢ | Convert g - register allow to choose the
R — — source of L1 Inband data from
| any of 6 RM link or TM itself —
ITimi oo 5| AT LOF, LOS, SDI, RAl is
nbd SE8 2| ar supported
) of Timer
| C L nts
i3 TEXAs

INSTRUMENTS



AlF: AT and RT
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AlF: Daisy Chain Downlink Data Flow
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AlF: Daisy Chain Uplink Data Flow
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What modules need to be configured

« Configure AT to generate events to drive other
AlIF2 modules and application.

« Configure PD, PE to allocate bandwidth
between antenna streams, and split stream
data into packets.

« Configure AD/DB to transfer data to/from DSP
memory.

« CIl, CO, RT, TM, RM, SD are relative simple for
configuration.
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Ten multiple choice questions from Part-1

1. Choose all TRUE statements about the relationship or difference
between CPRI and OBSAI:

A.

B.

C.
D.

CPRI and OBSAI can be supported at the same time, that is, we can have one AIF2 link
transfer data with CPRI format and another link transfer data with OBSAI format.

OBSAI offers more flexibility with the cost of more overhead; CPRI is simple from
implementation’s point of view

OBSAI protocol is message based, CPRI protocol is TDM (Time Division Multiplex) based.

Typical data width of CPRI format is 7 or 15 bits, while typical data width for OBSAI format is
8 or 16 bits.

2. K28.5 identifies:

A.
B.
C.

OBSAI master frame boundary
CPRI Hyper frame boundary
CPRI Basic frame boundary

3. How many Hyper frames in one CPRI Radio Frame

Oow2>

256
150
140
10
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Ten multiple choice questions from Part-1

4. CPRI 8x link rate is

A.
B.
C.
D.

5. The sample rate of WCDMA antenna stream is:

A.
B.
C.

2.4576 Gbps
3.072 Gbps
4.9152 Gbps
6.144 Gbps

3 times of TD-SCDMA
Same as 3MHz LTE
Same as 5MHz LTE

6. CPRI 4x link can carry:

Oow2>

4 LTE 20MHz antenna streams
2 LTE 20MHz antenna streams
2 LTE 15MHz antenna streams
16 WCDMA antenna streams
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Ten multiple choice questions from Part-1

7. DBM (Dual Bit Map) is really necessary for what Radio standards?

A. GSM
B. WCDMA
C. LTE15MHz
D. LTE20MHz
8. How many links are implemented with AIF2
A 2
B. 4
C. 6

9. Choose the TRUE statement about the CPRI implementation in AlF2:
A. Ethernet based fast C&M and HDLC based slow C&M are supported by AlIF2 CPRI mode.

B. CPRI Protocol negotiation is not supported by AIF2.

10. Choose all TRUE statements about the functions of AIF2 modules:
AT is the heart drives the whole AIF2

PD, PE allocate bandwidth between antenna streams, and split stream data into packets.
AD, DB transfer data to/from DSP memory

Cl, CO are used for both CPRI and OBSAI.

RT is the key module implement the daisy chain or forwarding feature of AIF2

moow»
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