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Agenda

 Introducing AIF2 Key modules
— AlIF2 clock, Serdes (SD), AIF2 Timer (AT)
— Protocol Encoder (PE), Protocol Decoder (PD)
— AlIF2 Data Buffer (DB), AIF2 DMA (AD)
— AlF2 Direct IO (DIO)
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AIF2 Clocks

AIF2 input

. PLL OBSAI ]
y x?i;ﬁsﬂ L 3.072GHz Link Rate Serdes Tx Clocks
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reference clock x12 x12.5, x15, x16, x16.5, CPRI 4x (x1)
x20, x22, x25 2.4576GHz 5x (x1.25)
2x (/2)
10
Serdes Macro B8
Serdes Macro B4
1
vy
o1/

Dual byte clock

(AlIF2 internal system clock)

Input clock are recommended to be between 122.88MHz and 800MHz.

*The dual byte clock, 307.2MHz for OBSAI or 245.76 MHz for CPRI, is
used internally for AT, TM, PE, PD...

eEach link can use different link rate.
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AIF2 SerDes

0.1 pF
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Transmitter

0.1 uF

TI SERDES CML
INPUT

« Differential AC-coupled signal, 760mv~1220mv swing.
« Current Mode Logical (CML), receivers include 100 ohm

termination and internal biasing.
* High speed, up to 6.144Gbps

« Scrambling for OBSAI 8x link (not support for CPRI)

« disable for each link to save power

« Supports internal loopback for test and debug
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SerDes Block Diagram

Receive

I avery 5%
Buffer

— ||||||||-EEE”

10bit

8bit | Transmit

XXX B T
Buffer

- SerDes stands for Serializer/Deserailizer, which transfer parallel
data byte in serial signals.

« No dedicated clock signal, receiver recovers the clock according
data transitions.

« 8b/10b Codec ensure adequate data transitions for the clock
recovery.
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AlIF2 Timer (AT) Module

—FP1 Min link[5:0] (MMR)-»
——RM frame detected link[5:0]——» Plcheck —FI error link[5:0]—»
—P1 Max link[5:0] (MMR)-» .
W trigger |
for deb
PHYT sYNg| o Coond - PHYT Frame Boundary -
(PHY Timer)
PhySyncSel . e
> DLR.ADT rame Bounaany -
RP1 S¥YNC }%' {Downlink Radio Timar} sSymbol/Slol Boundary
: *  Events
| Downlink offset Generator
s $‘ Z= RADT Frame Boundary -
SW trigger ] {R&diﬂ Timar} SymboliSlot Boundary -
for debug ™ '
' Uplink offset
Radsyncsel ] ULRADT Frame Boundary -
(Uplink Radio TiITIEI‘] Symbol/Slot Boundary -

I

* Rad Timer (RADT) supports various frame size for various radio standards.
* AT also supports separate UL and DL timers for application.
* UL and DL offset is configured by setting init value registers.
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AT PHY Timer (PHYT)

PHYT_SYNC » |oads Frame counter

clears clock counter
AIF Local function

12

SW mmr frame e

RP1 system SW load MMR
frame *—
28
SW mmr frame e 7
RP1 system 12
frame *—
N PHYT frame
o8 P_g}mdary event
Ld_frame V
Frame counter 40 bit Clock counter 22bit
Frame TC Symbol TC

ePhy Frame size must be 10 ms and clock counter TC (Terminal Count) for this
will be 3072000-1 (OBSAI) and 2457600-1 (CPRI).

eAll AIF2 internal 10ms events are generated by PHYT.
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AT Radio Timer (RADT)

loads Frame counter
Sync ————— = clears symbol and clock counters
cleards lut index

SW mmr frame (non-RP1 mode) e—<t

RP1 radio frame (RP1 mode) o .
SW mmr frame  e—<tE

RP1 radio frame o<z L —
Bl
SW selectable width in RP1 mode RADT frame RADT symhbolislot
J— boundary event b
L 32 oundary event
1 53 b
Frame counter 40 bit Symbol counter 8bit Clock counter 19bit
Frame TC symbol TC

lut index
address count 7hit

lutindex TC

*RADT period can be any value (not limited to 10ms)

Clock TC lut
19 bits wide
X
128 locations

oL UT index address terminal counter is used for various size of symbols.
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AT Events generation

Event strobe
select 3bit

timer_boundary_strobe
from selected timer
Select symbol boundary
or frame boundary from
one of 4 Timers

RADT_Symbol/Slot_Boundary ——p»
RADT_Frame_Boundary ——p»
ULRADT_Symbol/Slot_Boundary ———p»|

Event Mod terminal count
register 22 bit register

Event Offset 22 bit
register

Y

ULRADT_Frame_Boundary — pp»
DLRADT_Symbol/Slot_Boundary —
DLRADT_Frame_Boundary — p»

PHYT_Frame_Boundary ———— P

(start at strobe, reload

on stobe or TC)

L

Event modulo
counter

d

Event Offset counter
and pulse gen.

»| S

L mask value
@ 64 bit register <

Y

mask shift

iy

Mask is meant to be
used in GSM when 64
events per symbol are

generated

Event_#

Event_disable[n]

Force_event_#

.
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WCDMA Events Counter Example

Symbol/
Frame Cnt ™, Slotcount -~ Clock count
gl:II-JIIIIIE.-'IIII":I."J r‘l-llggllgl TFIIIII-SSIIIIIDI
-/ =y e % “_,f' rY
R P 0 x
Terminal Count: =M S AN
TC_Frame= 4096-1 5 .
TC_Symbol/Slot= 15-1 ¥
TC_Clock= 2560*80-1= 204799 (OBSAIl), 2560*64-1= 163839(CPRI)
Event offset up to
MOD value_"““*ﬂ\* 10ms -

WCDMA slotevent: [0 [1 2|3 |4 |56 |7 |89 [10[11[12[13|14

Frame event: Slot event: 4 chips event for DIO:

eStrobe= RADT_FB eStrobe= RADT_SB eStrobe= RADT_SB

*MOD-= clocks of frame -1 *MOD-= clocks of slot -1 *MOD-= clocks of 4 chips -1

eOffset = 0~ clocks of frame -1 eOffset = 0~ clocks of slot -1 eOffset = 0~ clocks of 4 chips -1
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LTE Event Counter Example

Symbol

Frame Cnt ™, cou nt ™ Clock count
B q & WPy PLITTISITITES
C T T T T /T T T T - I *F‘_,
; " {1 (Clocks of symbol 1)-1
Terminal Count: el e |7

(

(Clocks of symbol 2)-1
i | (Clocks of symbol 3)-1
(Clocks of symbol 4)-1

(

(

TC_Frame= 4096-1 Pl
TC_Symbol= 140-1(normal), 120-1(extended) |
TC_LUT _index= 7-1(normal), 0 (extended)

For normal symbol format, 7 LUT entries are
used, the first entry corresponds to the long \
symbol, other 6 entries corresponds to short g

s

Clocks of symbol 5)-1

i
.

Clocks of symbol 6)-1

A
symbols. °
For extended symbol format, only 1 entry is 7] x
used g ! Y ‘LJQ = = :ﬁ
. = .1.—
:'r
Frame event: Slot event: Symbol Event
eStrobe= RADT_FB eStrobe= RADT_FB eStrobe= RADT_SB
*MOD= clocks of frame -1 *MOD= clocks of slot -1 *MOD= 0x3FFFFF
Offset = 0~ clocks of frame -1 eOffset = 0~ clocks of slot -1 Offset = 0 ~ clocks of short symbol
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TD-SCDMA Event Counter Example

TDSCDMA Count
for 5ms subframe
Symbol
Sub-Frame Cnt ™ ™, /countw,.- ~~~~~ ~ Clock count
> g( o—‘ ™~ Sg o & Sg ol
IIHIWIH-VH """"" N }4 5mS sub-frame >{
T |
Terminal Count {
L] TCFrame = 4095 "‘»
P N A
Terminal Count b TDSCDMAslots 0o |1 2 | 3 | 4 | 5 | 6 | 7
TColocko = 864 x 24 x10 -1 = 207359 ':;-)
TCeock1 = (96+96+160)x24x10-1= 84479 'i_) mz T
TCcIockz = 207359 ool s e = 307 s ool
TCeiocks = 207359 "D 207360Ts 84480Ts clock 207360Ts
TCcIock4 = 207359 A
TCC|OCk5 = 207359
TCC|OCk6 = 207359 g
TCC|OCk7 = 207359 w
o
N e
\

*This example is for OBSAI, for CPRI the Ts = 245.76 MHz clock period
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Antenna Interface Synchronization

Serdes reference clock
Clocks [T XX O X X X HOC X XXX >
and Serdes
Syncs >
from B Delta >
SEIC > PHYT_SYNC ™ >
Clock - P
Source » RADT_SYNC
PE1 Event
PE2 Event E
- EXT_FRAME_EVENT PHYT
(PHY Timer)
—P AD
Pi
e "M
\
1<
Gl D Gl
RADT DIO events < T
(Radio Timer) Serdes <K <X __
Gl D Gl
Event 9, 10
Event 0~7
Event 8
A A
DSP Core x EDMA TAC RAC
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AT Events

Events Typical Period

Event 0~7 to DSP core Frame, Slot or Symbol
Event 8 for TAC 4 chips

Event 9 for RAC_A, Event 10 for RAC_B | 32 chips

12 DIO events to AIF2 4~32 chips

Delta, PE1, PE2 and Pi for AIF2 Frame
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Typical AlF2 delay timing

PE1->PE2 PE2->TM

TM->RM including Serdes Delay:
24 clocks for 2x
15 clocks for 4x
10 clocks for 8x

10 clocks 60 clocks
PE | PE ™ TX RX
> RM
1 2 Delta SERDES SERDES Pi PD
DB -» PE
OBSAI: 28 clocks
Packet DMA CPRI: Q clocks L
Trigger by first
Sync Frame RM -> PE1
boundary > DB SERDES 100 C|ocks

) SERDES DB
DIO triggerred
by DIO event DMA -> DB

->
PktDMA (L2): 150+30*channels T DSP 0 DSP 1
PktDMA (DDR): 150+50Fchannels
DIO (RAC/TAC): 100+10*channels
DIO (L2): 100+30*channels RM
PD . RX X ™ PE | PE
) * - -
DIO (DDR): 100+50*channels Pi SERDES SERDES Delta 5 1
DB <- PD <- RM TM->RM including Serdes Delay: TM <- PE2 PE2 <- PE1
180 clocks 24 clocks for 2x 60 clocks 10 clocks

% The above clock is dual-byte clock
rameters marked in blue need be calculated, and corresponding AIF2 timer events need be

% The timing pa
configuredg

y software.

15 clocks for 4x
10 clocks for 8x
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Timing Example

Basic time relation about Pi and Delta for Rad, Ul Rad, and DI Rad timer.

me
>
Reference times PhyT _ Frame 9 _ Frame 10 |
erArintertace gt EENFERES3 B e 34 TR |
P P
2 z T z
Received PHY link timing [ RP3 master frame [ RP3 master frame |
Received UL radio data - 5 E :
g - | e B e 5 S T

Antenna ‘carrier offset

- Physical latency related parameter, dlfferent
for dlfferent RF modules

delta: delta
— : :
Transmitted PHY link N : :
timing [ RPS master frame [ RP3 master frame
Transmitted DL radio : : :
data timing [ Frame 33 [ Frame 34 I Frame 35
Antenna carrier offset
- Physical latency related parameter, different
for different RF modules
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Agenda

 Introducing AIF2 Key modules
— AIF2 clock, Serdes (SD), AIF2 Timer (AT)
— Protocol Encoder (PE), Protocol Decoder (PD)
— AlIF2 Data Buffer (DB), AIF2 DMA (AD)
— AlF2 Direct IO (DIO)
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AlF: Protocol Decoder/ Encoder

—
- == N / \/ *Extract payload data from byte stream
—y > :
Serial ) mm o © P{ *Stores the payload data in the data
sD —» - » CPRI
RX —» RX » Input Protocol Y buffer RAM
Data SERDES | l\lMC » Format Decoder
—% ) » Convert | o
- ! : AIF2 Scr
; | DMA “—
peseck o8 s
J : —
Tx Data Buffer
Byte Clk
) . ) o | *Reads payload data from Data Buffer
Serial ¢ ) TM ¢ ¢ RT ¢ PE RAM
% ¢ «— < CPRI ¢ — .
1 | TX| | ouput «—| Re- «| Protocol €| eAppends a header to the payload data
Data | MAC | Format || Transmitter l¢| Encoder . :
) M | Convert |q Dl Inserts data into the appropriate
o] i message slot.
o - to and fi
;I:?ui o (EU _ |.L AT all mod e (Slave)
g &0 |Z|| AF | EE
5 & tmer k|| Emsa
i 1 I 2SS . Events
.......... AN S e e e e — e 4 4
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Link bandwidth allocation between
antenna streams - PE OBSAI Rules

Sax.e Rules 63
! —_ .
Rules 0 -
DBM rule ]
Modulo rule parameters |
parameters dbm_x Channel LUT 0
Frame c
ESM mod Bit map 1 Channel LUT 1
index Bit map 2
: > -
link dom_1mult | | ...
ctl_msg dbm_1size
dbm_2size Channel LUT 63

*Module rules can allocate bandwidth equally between channels. To use this
method solely, it requires that link bandwidth is multiple of the bandwidth for
a channel;

*The DBM rules actually implement rate matching by insert some dummy
data (called “bubble”) when the link bandwidth is not multiple of these radio
stream channels.
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Example Rules

T T One message group— | T
AOD Al A1 Al ADD Al Al Al ADD Al Al Al ADD Al Al Al ADD Al Al Al
50 50 S0 51 51 52 1 s53 52 54 52 55 S3 56 53 57 54 58 54 59

| | 1 |
Péix Antenna x Samples y belong to modulo rule O g; Samples y of antenna belong to modulo rule 1 . Control Message

RuleModulo = 2-1; RuleModulo = 2-1;
Rulelndex = 0; Rulelndex = 1;

link = 0; link = 0;

DbmX = 2-1; DbmX = 1-1;
Dbom1Map|[0] = 0x0; Dbm1Map|[0] = 0x0;
Dbm1Size= 0; Dbm1Size= 0;
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Link bandwidth allocation between
antenna streams - CPRI Rules

6x . Rules for link 5
* CER File
I Dulae far linl 4
Rules for link 0 5
DBM rule
parameters 1
dbm_x Channel LUT 0
Bit map 1 Channel LUT 1
> Bit map 2
-
dom_Tmult | | ... 11
dbm_1size
dbm_2Z2size Channel LUT 511

«  PE use same channel LUT RAM for CPRI and OBSAI.
 In OBSAI mode, it is organized as 64*64 entries.

« In CPRI mode, it is organized as 8*512 entries, but normally only 6*64
entries are used.
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Example rules

4% basic Frame

E 3

ATAIAAIAIAITAIAIAIAIAIAITAIA]IAILIA
16x o112 |3 |4 |56 |7 |89 |10[11]12 13|14 | 15
3MHz S| S| S|S|S|S|S|S|S|S|S|S|S|8|8]| S
of(o|o0o|jo}|o|jo|loOo|0}|j]0]|]O0O]J]O0]O0|O0O|0]|]O0]O0
A
CPRI control word X |Antenna x Sample y
32 bits S 30 bits
Yy
RuleModulo = 0;
Rulelndex = 0;
DbmX = 16-1;
Dbm1Map[0] = 0x0;
Dbm1Size= 0;
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Summary of bandwidth allocation rules

PE (TX) PD (RX)
OBSAI Modulo, DBM N/A
CPRI AxC slots DBM DBM

*OBSAI control slot and AxC (Antenna stream Carrier) slots must use
different modulo rule configuration entry.

*PD maps OBSAI message to a channel according to the message header.
A channel receives a message only if the information (such as type and
address) in the header matches the setup for that channel.

*For CPRI mode, DBM rules only apply to CPRI AxC slots.

«Each CPRI control words can be configured to map to a specific data
channels with separate configuration registers.
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CPRI control words mapping

& Wk = O

62
63

Xs=0 1 2 3
Used or
reser'ed
by CPRI
Unused
Ch 1
Used by
Channel 1
Ch1lchilch1 | chi
ch1|cht1|ch1|chi Ch 2
Used by
Chz | ch2 | chz | cha | Channel2
ch2 |ch2 |ch2 | ch2

eEach link has a mapping table
with 256 entries to map the 256
control words of a CPRI Hyper
frame to 4 control data channels.

eThe 4 control channels of each
link can be mapped to 128 global
data channels.
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AxC Offset

AxC Offset »
(relative to no fiber delay)
eMultiple antenna stream in
same link may have different /é\ /ég\
delay (AxC offset).
) Short Coax
BTS

*AxC offset is configurable Long Fiber
for each antenna stream.
For PD with CPRI mode,

its configuration is different
from other modes:

CPRI OBSAI

PE Dual-byte clocks refer radio timer frame boundary

PD Number of quad samples refer CPRI Dual-byte clocks refer radio
link frame boundary (K28.5+HFNO) timer frame boundary
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Symbol counter for Frame type O
(Number of Packet in Frame type 0)

PD, PE Radio Framing Counter

Frame type 0 SC index

Message type 0 Terminal Counter
(Packet Size Counter)

Frame type O TC index

Symbol counter for Frame type 1
(Number of Packet in Frame type 1)

Message type 1 Terminal Counter
(Packet Size Counter)

Frame type 1 SC index

Message type 2 Terminal Counter
(Packet Size Counter)

/'
\

Frame type 1 TC index

Message type 3 Terminal Counter
(Packet Size Counter)

Message type 4 Terminal Counter
(Packet Size Counter)

Symbol counter for Frame type 5
(Number of Packet in Frame type 5)

Message type 5 Terminal Counter
(Packet Size Counter)

Frame type 5 SC index

Message type 6 Terminal Counter
(Packet Size Counter)

Frame type 5 TC index

T

Message type 127 Terminal Counter
(Packet Size Counter)

Each antenna stream should use one of the 6 framing formats, and it can switch
between one frame structure to another frame structure on any frame boundary.
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Radio framing counter example for LTE

7 (LTE normal Symbols)

/

0 (SC index)

Size of Long Normal Symbol

6 (TC index)

6 (LTE extended symbols)

Size of Short Normal Symbol

7 (SC index)

Size of Short Normal Symbol

7 (TC index)

Size of Short Normal Symbol

Size of Short Normal Symbol

Size of Short Normal Symbol

Size of Short Normal Symbol

Size of Extended Symbol

LTE 20MHz, 10MHz, 5MHz need different framing counters.
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Difference between PE/PD radio framing
counters and AT counter

PD/PE simultaneously supports 6 different sets of terminal counts
(6 different frame structures); while AT supports only one set of
terminal counts (one frame structure).

« AT counts dual-byte clocks, while PD/PE counts data bytes (CPRI)
or messages (OBSAI). Below table summarize the difference.

AT Dual-byte clocks

OBSAI OBSAI messages (16 bytes payload)

CPRI Groups of 4 bytes (PE) | Groups of 16 bytes (PD)
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Agenda

 Introducing AIF2 Key modules
— AIF2 clock, Serdes (SD), AIF2 Timer (AT)
— Protocol Encoder (PE), Protocol Decoder (PD)
— AlIF2 Data Buffer (DB), AIF2 DMA (AD)
— AlF2 Direct IO (DIO)
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AlIF: Internal Interface Modules

—\
St h ?St: ?Uffer ) AIF2 (Antenna Interface Mega-Module)
— «Stores the ata T T —
Serial | «Stores the control data PD | VBUS_Clk “—
RX
— —F T~ B Thput Protocol :
Data SERDES |y l\IMC » Format Decoder I >
. p Convert :
s | AD “—
; AIF2
AlIF2 DMA \l\ DMA SCR —
*DIO control DB \gerface
*Packet DMA control Data B =
ata BVﬁer
Byfe_CIK FIFOs 44— “—
I
: “—
Seral | +128 bit interface to DMA Switch “ ) el S S
pata €| *Transfers data at high rate o e : PMA
“— nitter «— Encoder | CPPI
1 ] convert [ — : Sched. T T > QM
4 4 | <
- — .. — .. — ) < > VvC
. to and from | - 4 Rd/Wr R —
Time - . I o all modules oo ‘/\(_/SBJ;J)"S;;/‘ » SCR
nput | VBUS P ! —
o ; . . I EE
-32 bit interface with config. Fabric o :: Errors &
*Transfers config & status info 1 | Events ~ Events
e e e e e — 4
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DB (Data Buffer) Module

« 128-bit (quad word) interface

« DB Data RAM — 16K bytes for Ingress and 16KB for
egress.

« Supports up to 128 buffer channels (AxC’s and packet
mode flows)

* Ingress and egress has its own 128 buffers
« FIFO/Buffer size per channel is programmable
« Buffer channel programmable data swapping
« Buffer channel programmable 1Q ordering
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AD (AIF2 DMA) Module

« Support Packet DMA and Direct 10.
« All AXC channels must use same mode (PktDMA or DIO).

* Non-AxC channel (Control channels, generic data channels)
always use PktDMA, even AxC channels use DIO mode.

« Supports separate ingress scheduler and egress scheduler
« Supports EOP counter for both directions (useful for debug)

« Maximum DMA Burst size is 64 bytes, inefficient for
accessing DDR, recommend to put antenna data buffer in
internal memory.
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AlIF2 PKTDMA (Packet DMA) Module

« Similar as many of other Packet DMAs in the DSP.

« 128 TX channels and 128 RX channels
 Each TX channel (0~127) bind with one TX queue.
« Each RX channel (0~127) bind with one RX flow.

« DIO actually use PKTDMA channel 128 to transfer AxC data. That

is, AIF2 packet DMA must be configured and channel 128 must be
enabled for DIO mode.
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AIF2 PKTDMA (Packet DMA) features

AlIF2 PKTDMA supports host descriptor and Monolithic descriptor.

Monolithic mode is recommended for antenna data which is
timing sensitive.

Host packet requires read descriptor first then the read data
separately, the first piece of data may miss timing requirement.

Host packet may be used for generic packet transfer (CPRiI
should use Monolithic for this).

TX_AIF_ MONO_MODE

Tx AIF Specific Monolithic Packet Mode: This field, when set,
packet should be pushed with the Descriptor Size field = 3.

The FFTC pushes its output packets with a Descriptor Size
field = 1.

This mode should be disabled for automatic (CPU free)
transfers from the FFTC to AlF2.
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AIF2 Packet DMA Protocol-Specific Field in Descriptor

Bits Name Description

31:16 | Reserved

15 Ingress/Egress 0: Ingress
1: Egress
14:7 | Symbol Number Symbol number (0x00 — OxFF)
6:0 AxC Number AxC number (0x00 — 0x7F)

« The Monolithic packet descriptor header for AIF2 is exactly 16 bytes (one
VBUS 128 data phase)

«  Protocol Specific field is not mandatory, but it is helpful for error checking.

I3 TEXAS
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Agenda

 Introducing AIF2 Key modules
— AIF2 clock, Serdes (SD), AIF2 Timer (AT)
— Protocol Encoder (PE), Protocol Decoder (PD)
— AlIF2 Data Buffer (DB), AIF2 DMA (AD)
— AlF2 Direct IO (DIO)
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Direct 10 (DIO)

* There are three egress DIO engines and three ingress
DIO engines. Each engine can be configured to

support:

— Uplink WCDMA antenna data format for RAC. It is also called “UL RSA”
data format in some documents for compatibility with old AIF1.

— Downlink WCDMA antenna data format for TAC.

— User defined antenna data structure. For some application, WCDMA
antenna stream may be processed by DSP core or RSA (Rake Search
Accelerator) instead of RAC or TAC. For the case, the antenna data
structure in DSP memory can be freely defined by software. A typical
structure is collect antenna data for each stream into a separate buffer
instead of interleaving antenna streams into a single buffer link RAC or
TAC buffer.
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DIO configuration parameters

DIO can be looked as a customized EDMA for AlF2

Number of quad words (at AIF2 DB buffer) ACNT
Number of AxC (at AIF2 DB bulffer) BCNT
DBCN (Dio Buffer Channel Number) table (addressing N/A
inside AIF2 DB buffer)

Number of blocks CCNT
burst size (1,2,4 QW) (at DSP memory) ACNT
Burst address stride (at DSP memory) BIDX
Block address stride (at DSP memory) CIDX

DIO base address (at DSP memory) SRC, DST
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DIO configuration for AIF2 Data buffer

1 Number of Quad word 1 Buffer Channel
3¢ per AxC per transfer % Number Table
(1,2o0r4)
Channel 0 < AXC 0 Channel number | &
Channel 1 AxC 1 Channel number
of AxC
Channel 3 per DIO
Channel4 | 7
/ AxC N Channel number

AlF2 data buffer

eEach DIO engine has a DMA Buffer Channel
Number Table (DBCNT), which is used to select
channels be serviced by this DIO engine. With
this flexible mechanism, the DIO does NOT
require the channels to be continuous in AlF2
data buffer.

H—DIO buffer length for each channel (128 or 256 bytes)—hf

eEach DIO engine is trigger by corresponding DIO events from AIF2 timer. With each
trigger event, the DIO engine transfers a block of (number of quad word) x (number of
AxC). For the next event, the DIO engine will increase the access pointer in each
channel buffer by (number of quad word), if the address reaches the end of the buffer,
the DIO will automatically wrap it to the beginning of the buffer. So, the buffer for each
channel is actually used as a circular buffer by DIO engine.
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DIO configuration for AIF2 Data buffer

Parameters Configuration |Comments

DIO buffer length | 128 or 256 bytes |For WCDMA stream, 128 bytes is OK. For LTE
stream, 256 bytes should be used.

Number of Quad|1, 2 or4 Number of quad word (16 bytes) transferred

word per AxC by one trigger.

Number of AxC <=64 Support maximum 64 antenna streams per
DIO engine.

eAll DIO channel buffer length must be same, while PacketDMA mode
support different buffer length for each channel

eSome configuration register fields should be configured with expected
value minus one. For example, if you want to support 4 AxC, the
num_axc field should be set as 4-1 = 3.
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RAC antenna data buffer structure

Chip0~7
Chip8~15
Chip16~23
Chip24~31

Stream 0  Stream 0 Stream 53  Stream 53  Stream 54 Stream 63
Sample0 Sample1 ....... Sample 0 Sample 1 Sample0  ....... Sample 1
S0S0C0~7 [ S0S1C0~7 | .--... S53S0C0~7 | S53S1C0~7 | Notused | ...... Not used
S0S0C8~15 [ S0S1C8~15 | ...... S53S0C8~15 | S53S1C8~15 | Notused | «-.... Not used
S0S0C16~23 | S0S1C16~23 | .--... S53S0C16~23 | S53S1C16~23 | Notused | «-.... Not used
S0S0C24~31 | S0S1C24~31 | ...... S53S0C24~31 | S53S1C24~31 | Notused | ...... Not used

16 Bytes

Chip 8n+0 Chip 8n+1 Chip8n+3 | ...... Chip 8n+6 Chip 8n+7
2 bytes
8 bits | 8 Bits Q

eThe RAC input buffer is a circular buffer which can hold 32 chips of data for
each stream.

eThe RAC supports 54 streams, but the buffer is organized for the size of 64
streams, the location for stream 54~63 are not used.

eDIO is triggered every 8 chips for antenna data transferred to RAC. DIO
transfers 8 chips for multiple streams with each trigger event.
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DIO transfer to RAC

Chip0~7

Block address stride

= 64x2 qw

Chip8~15

Chip16~23

Chip24~31

Burst length = 4 quad words

Trigger event, each event transfer 8 chips for all available streams

S e

Stream 0 Stream 0 Stream M-1 | Stream M-1 A
............ Stream 63
Sample 0 Sample 1 Sample 0 Sample 1
Num_qw =2

B for 8 chips >

Trigger event
Stream 0 Stream 0 Stream M-1 | Stream M-1 Stream 63
Sample 0 Sample1 | 7 Sample 0 Sample1 | 7

Trigger event Number of

\‘/\‘ block =

Stream 0 Stream 0 Stream M-1 | Stream M-1 Stream 63
Sample 0 Sample1 | 7 Sample 0 Sample1 | "7

Trigger event
Stream 0 Stream 0 Stream M-1 | Stream M-1 Stream 63
Sample 0 Sample1 | 7 Sample 0 Sample1 | 7 \ /
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DIO configuration for RAC

Parameters Configuration Comments

Number of Quad word | 2 Corresponding to 8 chips

per AxC

Number of AxC <=54 Support maximum 54 antenna streams per
RAC.

Number of blocks 4 4 x 8 = 32 chips this is the size of RAC
input buffer.

DMA burst length 4 quad words One burst include data of two antennas

burst address stride |4 quad words

block address stride |64 x 2 quad words

ePlease note, the read and write operations of DIO engine are independent.
Actually, num_qgw specifies the minimal size of DIO accessing AlF2 buffer;
burst length specifies the minimal size of DIO accessing RAC buffer. So, with
above configuration, num_qw = 2 and burst length = 4, the DIO operations
include:

*DIO reads 2 quad words from the first AIF2 antenna channel buffer
*DIO reads 2 quad words from the second AIF2 antenna channel buffer
*DIO combines the 4 quad words and writes them to the RAC buffer.
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TAC antenna data buffer structure

Chip0~3

Stream 0 Streeam1 ... Stream 62 Stream 63
S0C0~3 S1C0~3 | ae...n S62C0~3 S63C0~3
16 Bytes
Chip 4n+0 Chip 4n+1 Chip 4n+2 Chip 4n+3
4 bytes
16 bits | 16 Bits Q

eThe TAC supports 64 streams.
eThe TAC buffer is a circular buffer which can only hold 4 chips of data for

each stream.

eDIO is triggered every 4 chips for antenna data transferred from TAC.
DIO transfers 4 chips for multiple streams with each trigger event.
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DIO configuration for TAC

Trigger event, each event transfer 4 chips for all available streams

Burst length = ﬂ%‘ /\‘

Chip0~3 Q Stream 0 Stream1 | ... Stream M-1 | ... Stream 64
Bloc ‘4 num_qw = 1
address for 4 chips
stride =0
Parameters Configuration | Comments
Number of Quad word | 1 Corresponding to 4 chips
per AxC
Number of AxC <= 64 Support maximum 64 antenna streams per TAC.
DMA burst length 4 quad words | One burst include data of 4 antennas

burst address stride 4 quad words

block address stride 0

Wrap around to the beginning after every transfer

Number of blocks 32

Since block stride =0 any value for this field should be
OK. But a relative larger number may reduce average
DIO overhead.
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Customized antenna data buffer in DSP memory

For antenna stream be processed by DSP core or RSA (Rake Search

Accelerator), the antenna data structure in DSP memory can be freely defined
by software. Above buffer structure for RAC and TAC can also be used, but
those structures interleave antenna streams, which is not good for DSP core
to process them efficiently. A typical structure is to collect antenna data for
each stream into separate buffers.

Trigger event , each event transfer 16 chips for all available streams

Stream 0

Burst address stride =
Size of the buffer per AxC

Stream 1

Stream M-1

Burst length =
block stride =
4 quad words

Trigger event

Trigger event

Trigger event

Trigger event

num_axc =M

Chip 0~15/ | Chip 16~3y"| Chip 32~47 | Chip48~63 | ..... A
P / num_bIKs depends on buffer size / o

Chip 0~15"| Chip 16~3"| Chip 32~47"| Chip 48~63 | ...

Chip 0~15 | Chip 16~31 | Chip 32~47 | Chip 48~63 |  ...... v
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DIO configuration for antenna buffer in DSP memory

» For this case, the period of DIO trigger event can also be freely configured.
The largest period, 16 chips, can be used to improve the throughput because
the largest burst size can be utilized.

Parameters Configuration Comments

Number of Quad word |4 Corresponding to 16 chips

per AxC

Number of AxC <= 64 Support maximum 64 antenna streams per
DIO.

Number of blocks <= 8192 num_blks is a 13-bit field. So, the maximum

buffer size is limited to 8192*16= 131072
chips= 3.4 frames

DMA burst length 4 quad words One burst include data of 4 antennas
burst address stride Size of the buffer |brst_addr _stride is a 12-bit field. So the
per AxC maximum buffer size is limited to 4096*4=

16384 chips= 6.4 WCDMA slots= 0.43 frames

block address stride 4 quad words
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Q&A
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Ten multiple choice questions from Part-2

1. Choose all true statements for AIF2 Serdes:
A. Internal loopback is supported
B. Scramblingis supported for 8x OBSAI link and 8x CPRI link
C. receivers integrate100 ohm termination and internal biasing of 0.7*VDDT
D. Each link can use different link rate
2. With 122.88MHz reference clock input, how to configure Serdes PLL
and rate scale to achieve CPRI 8x link rate
A. 122.88 x 10(MPY) x 4(Rate scale) = 4915.2Mbps
B. 122.88 x 20(MPY) x 2(Rate scale) = 4915.2Mbps
C. 122.88 x 25(MPY) x 2(Rate scale) = 6144Mbps
D. 122.88 x 40(MPY) x 1(Rate scale) = 4915.2Mbps

3. Choose all true statements for AIF2 Timer:
A. Both PHYT and RADT can be triggered by PHYT_SYNC pulse

B. PHYT includes 22-bit clock counter and 40-bit frame counter; RADT includes 19-
bit clock counter, 8-bit symbol counter, and 40-bit frame counter

C. Thetimer events for DSP core interrupt must be triggered by RADT
D. Timer event offset can be larger then event MOD (period)
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Ten multiple choice questions from Part-2

4. AIF2 Timer clock TC LUT (Terminal Count Look up Table) is really
required to generate timing events for:

A. WCDMA slot events

B. TD-SCDMA slot events

C. LTE normal symbol events
D. LTE extended symbol events

5. Choose all true statements for AIF2 synchronization:

A. Synchronization pulse should be generated from the same source as the AlF2
Serdes reference clock.

B. Delta is downlink timing offset when TM begins transfer; Pl is uplink timing offset
when RM begins receiving.

C. Downlink AxC offset is timing offset when PE begins transfer valid antenna data
and, uplink AxC offset is timing offset when PD begins receive valid antenna data.

D. Reference point of AxC offset is PHYT frame boundary
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Ten multiple choice questions from Part-2

6. Choose all true statements for AIF2 PD/PE:

A.

B.

C.

D.

Modulo rules can be used with AIF2 CPRI mode. So, one link can carrier both
WCDMA streams and LTE streams.

Each link uses separate DBM rules. So, one link can carrier WCDMA streams,
while the other link supports LTE streams.

AIF2 support up to 6 radio frame formats. So, one channel can carrier a WCDMA
stream, while the other channel supporis a LTE stream.

Each link has a mapping table with 256 entries to map the 256 control words of a
CPRI Hyper frame to 4 control data channels.

7. Choose all true statements for AlIF2 DB/AD:

A.

B.

16KB DB RAM shared by up to 128 channels, buffer length of each channel can
be different with Packet DMA mode.

One AxC channel can use PacketDMA, while the other AxC channel use DIO
mode.

Non-AxC channel (Control channels, generic data channels) always use PkiDMA,
even AxC channels use DIO mode.

Maximum AIF2 DMA burst size is 64 bytes.
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Ten multiple choice questions from Part-2

8. How many channels supported by AIF2 packet DMA:

A. 64
B. 128
C. 129
D. 256
9. How many channels supported by one AIF2 DIO engine:
A. 32
B. 54
C. 64
D. 128

10. Choose the true statement for AIF2 DIO:
A. DIO burst size must be same as number QW per AxC

B. Each DIO engine is trigger by corresponding DIO events from AIF2 timer. With
each trigger event, the DIO engine transfers a block of (humber of quad word) x
(number of AxC).

C. The trigger event period for TAC and RAC is 8 chips.
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