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System Diagram

Figure 2 shows the Downlink Chip Rate system diagram.

Status System Based Processing Sector Based Processing
Memory
- System IRQ Tcell SCH
System Timing Timing || Generate
Status
TSTD &
STDD Combine
Data Encode
Memory
- Y
h I
. Cquge Stream Based Processing g
S Channel Spreading g
s to Stream Code 2
€ Mapping Generate N [
& =
a - Diversity read L i)
Config Selecti ramble | | Veidhting <
Memory
Sector Y T
Config C ased Processing
- PC, STTD & —
Channel FCIPiot | | Modet | | '78M9
Config Insertion Encoder
Stream Memory Pilot Phase
Config Manager Generate Adjust

ds630_02_061207

¢ gFigure 2: Downlink Chip Rate System Diagram

The FPGA is % ited for chip rate processing in both the Downlink and Uplink directions as it
offers fully parall@}gfrocessing. Since the FPGA is fully programmable, it is possible to use a single HW
release to support multiple platforms, such as a 32- or 256-Channel 3GPP DL or even other wireless
standards.

The software and hardware interface to all versions of the core is identical, thus allowing reuse of code
and reduced system integration time. By using the parallel nature of the FPGA, the System can be easily
expanded to target the most complex of end products. The efficient FPGA targeted coding methodol-
ogy also allows the solution to target the low-end cost-critical solution by using Spartan-3 DSP technol-
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System Specification

The System is based on a number of processing engines as shown in Figure 2. The Status Memory, Data
Memory, and Configuration Memory use the independent dual feature of the Xilinx block RAM. This
allows the DSP interface and the Antenna interface used to separate clocks as required. All dynamically
configurable parameters are doubled buffered and internally synchronized within the core. The Data
Buffer is a circular Slot based buffer which is dynamically allocated to minimize block RAM usage
within the core.

The System Based Processing block provides all of the Frame based timing of the System and is used to
synchronize the DSP to the Radio. It also allows the DSP to configure the frequency of the synchronous
interrupts and thus reduce the overall latency of the System. This block also provides the status of the
System to the DSP.

The Sector Based Processing block provides the generation of the SCH Channels. This includes inde-
pendent Tcgp 1 timing offsets, diversity encoding, and SCH Channel ymjghting and combining.

The Channel Based Processing block provides the Slot formattin, Channels. This includes: TPC,
TFCI, and Pilot insertion; STTD and Model encoding and ha?\/’ n; Pilot generation based on

e
Channel type and diversity mode; and one or two Frame Compgessed Mode support and symbol map-
ping based on QPSK or QAM16 symbol types. Channel Base ing Offsets are also processed within

this block. @

The Stream Based Processing block provides the regnaifing Chip rate processing functions of the Sys-
tem. This includes Channel-to-Stream Mapping a ad and Scramble Code initialization and gen-
eration. It also has the main data procesgin®, elefnents of Spreading and Scrambling, Channel
Weighting, and Channel Combining. &

Table 1 shows the overall specification& ystem. The core has three build options based on the tar-
get application and target device Qote that the maximum number of Channels, Cells, and Anten-

nas supported is a multiple o ected clock rate of the Antenna interface of the core. The core
supports all of the relevant % ents defined in the 3GPP standard except those shown in Table 2.
Table 1: System SpEcif' iC)

Specificatiog arameter Comments
A

Maximum Nu There are three standard build options based on the clock rate and
1,16, or 32 )

Antenna the required number of antenna.

Maximum Number of Only 16 cells with diversity can be supported. Diversity can be
1,8,0r16 .

Cells supported on a per cell basis.

Maximum Number of The channels can be divided into any Channel type.

32, 128, or 256

Concurrent Channels More channels can be added be using two cores.

64 x CR Virtex-4, Virtex-5 FPGAs
Maximum Clock Rate

32 xCR Spartan-3A DSP FPGAs

STTD
. . Mode1 . .
Diversity TSTD All forms of diversity are supported
None
Any Channel can be mapped to one or more Antenna allowing for
SHO Support Supported soft handover to be supported.
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Table 1: System Specifications (Continued)

Specification Parameter Comments

A
Compressed Mode B One-Frame or two-Frame Compressed Mode is supported.
OFF

HS-DSCH
HS-SCCH
DPCH
P/S-SCH
P/S-CPICH
E-HICH/E-R

Supported Channels CH
P/S-CCPCH
AICH
PICH
MICH
E-AGCH
F-DPCH

The actual number of each Channel type can be defined and
configured.

All Slot formats for all channels are supported. (see Appendix:
3GPP Downlink Channels)

To reduce the Chan
AICH Pre-Combining NA pre-combined by the
to support multiple

usageNor AICH, the symbol data can be
rnal DSP allowing a single HW Channel
annels.

Data is store to reduce the internal block RAM

requiremept the overall latency through the System.

Data Buffer Slots Therefo is d'tequirement of an external processor to service
eachgcti annel on a Slot-by-Slot basis, where the execution
of an be synchronized to a core generated interrupt.

4

Scrambling Code of each Sector can be initialized to support

Sector Initialization Supporte ode within the standard.

Table 2: Omissions 'O

Omission

Comments

TDD Mode validated

ot required for FDD Mode

AP-AICH CPCH Access Preamble Acquisition Indicator Channel

CD/CA-ICH Collision Detection/Channel Assignment Indicator Channel
CSICH CPCH Status Indicator Channel
Flexibility

The FPGA inherently offers significant flexibility as it can be reconfigured in the field. Thus, future
upgrades can often be performed without the significant cost of upgrading the hardware. In addition,
the Downlink Chip Rate architecture has been designed to support virtually any combination of Sec-
tor/Channel configurations. It has also been designed to allow for future channels to be incorporated
without architectural modifications.
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Scalability

The System can be scaled by selecting alternate build options. A larger System can be created by com-
bining multiple cores with the addition of a combiner on the output and a core select on the bus input.

Core Description

The following sections describe the Downlink Chip Rate core functionality.

System Considerations

It is intended that the core be driven by an internal/external processor where the core provides an
address mapped register interface. The Downlink Antenna Interface is a high-speed streaming inter-
face that connects to the digital front end (DFE) logic. See Figure 3.

DFE

FPGA \

Antenna | /F Logic
(e.g., CPRI)

A
O Processor/DSP
0\6 ds603_03_060607

Figure 3: Intended System Design
DSP Interfac

The Downlink Chip Rate core incorporates an address-mapped set of registers for configuration and is
intended to be connected to an external processor as shown in Figure 1. These registers are classified
into four grouping types:

¢ Global Configuration
® Sector Configuration
¢ Channel Configuration

e Stream Configuration
Configuration registers are further broken into three timing related register classes:

e Static: Register is set up once before the selected function becomes operational.
e Frame Based: Register contains parameters that are applied on a Frame boundary.

¢ Slot Based: Register contains parameters that are applied on a Slot boundary.
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Frame and slot based registers are double buffered internally within the core to decouple the external
processor accesses from the timing critical switchover on a Slot/Frame boundary.

The processor is responsible for updating the alternate buffer location on a per Slot or Frame boundary
(Note that if the configuration is not updated, then the previously written configuration is used). The
core maintains the status of each double buffer with respect to its current fill state. If a new buffer is
found to be available at the switchover point, the core selects the new buffer information. If the proces-
sor writes to the currently active buffer, then the event occurs immediately. If the core writes to the inac-
tive buffer twice before the switchover point, then the last write is used by the core.

DSP Synchronization

Synchronization between the core and an external processor is obtained by the use of a configurable
interrupt generated by the core. This interrupt is used to align Channel maintenance tasks executing on
the processor to the given channels requirements. (e.g., Channel data, configuration updates).

Antenna Interface
This is a high-speed unidirectional streaming interface producifg a8DM data stream of combined
Antenna outputs. This interface also provides the Primary FSSy of the System based on Tcell=0.

Clocking Characteristics

The System requires two external clocks. These cloc: (@ asynchronous or driven from the same

source. DSP_CLK is used to clock memory mappe er accesses while ANT_CLK is used for the
internal Downlink processing and output interfac _CLK is based on a fixed multiple of the base
chip rate clock (3.84 MHz) where the rnult Q ended on the selected build option. (See Table 18)

Latency

The internal latency of the core pr epends on the build option but, in all cases, is less than 10
chips. This latency figure does pe into account the time taken to transfer the information into the
core from the external proc \Q configuration information must be written to the core at least 10
chips prior to the associate@mels Slot or Frame boundary.

OCP Compatibili

The DSP and rfaces are compatible to the OCP standard. The mission of OCP-IP is to address
problems relatin esign, verification, and testing that are common to IP core reuse in plug and play
System-on-Chip (SoC) products.

More information on OCP can be found at www.ocpip.org.

Antenna and Sector Mapping

The antennas are mapped to sectors as shown in Table 3. The Antenna data is output in a TDM fashion
starting with Antenna 0.
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Table 3: Antenna-to-Sector Mapping

Sector Main Antenna Diversity Antenna

0 0 1
1 2 3
2 4 5
3 6 7
4 8 9
5 10 11
6 12 13
7 14 15
8 16 17
9 18 19
10 20 21
11 22 23
12 24
13 26 2
14 28 29
15 30 'S 31

Channel and Stream Definitj

Channel Definition 6

A Channel refers to any 3GL al Channel.

* Asingle DPDCH a require a single Channel Resource. If multiple DPDCH channels are
, phen multiple Channel Resources are required.

e P-SCH and S-SCH use separate resources and are not counted within the Channel Resources.
* A Channel Resource provides both the Main and Diversity formatted data.

Stream Definition

A Stream refers to the resource required to map a Channel to an Antenna.

e If diversity is required on a Channel, then two Stream resources are required.

e If Soft Handover is required on a Channel Resource, then one Stream per Antenna is required.

DS630 August 8, 2007
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Channel-to-Stream Mapping

Any Channel can be mapped to any or multiple streams. See Figure 4, Figure 5, and Figure 6.

1 Channel Resource

1 Stream Resource

DPDCH Channel > <«

~ |
/;| Channel |

Stream

I— Main Antenna

DPDCH Channel }”

ds630_04_061107

Figure 4: Stream and Channel Example without Diversity

1 Channel Resource 2 Stream Resources
DPDCH Channel \/ 4(:haT|«" Stream — Antenna
DPDCH Channelf” Stream igersity
ds630_05_061107
Figure 5: Stream and Channel Exam ith Diversity

Stream Resources

— Main Antenna
— Diversity

—— SHO Antenna

1 Channel Resource

DPDCH Channel | ~

s

7
DPDCH Channel }/

Channel Stream

2

N

Figure 6: Stream and @I Example with Diversity and Soft Handover (SHO)

Stream

ds630_06_061107

Setting up the Cor
Initializing the §y

To initialize the 8% ystem must be enabled and the interrupts configured. This is described in
Main System \'@ ation Space.

Resetting the System

The core can be reset via the DSP OCP interface. However, this does not clear all registers to a known

state as many of the registers are held in memory space. These can only be cleared by writing zeroes to
all used memory locations within the core. After this has been done, the System is in a fully reset state.

Resetting via the OCP bus clears the System Enable and, thus, the outputs will be disabled.

System Timing and Interrupts

The timing of the System is created from within the core from a multiple of the Chip Rate.
64 x CR = 245.76 MHz
32 x CR =122.88 MHz
8 x CR =30.72 MHz
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A Primary Synchronization pulse is output on the Antenna interface if required.

The Interrupt controller can be configured to output an interrupt up to 10 times per slot (providing an
interrupt every 256 chips). This can be used to read the System status and determine the current Frame,
Slot, and Sub-Slot number. This is described in IRQ_REGISTER.

Setting Up a 3GPP Sector

A Sector requires a minimum of a primary scramble code, scramble code group, P-SCH and S-SCH
channels, Tcgr, and an Antenna map. The P-SCH and S-SCH channels require gain and diversity
information.

These parameters are all configured via the Sector configurations registers as described in
SECTOR_CFG and SECTOR_CFG_PER_FRAME.

After all sectors have been configured, the scramble code generator must be initialized. This is done by
writing to the SECTOR_INITIALIZE bit in the main System configuration register, as described in Main

System Configuration Space.
Sector Configuration \

Set up Primary Scrambling
Setup Tog L

Set up Antenna Map
Enable Sector _

@‘

No

Initialize Sectors

S Set up S-SCH Gain
Set up P-SCH Gain

Set up Diversity Modes

ds630_07_061107

Figure 7: Section Initialization

Tearing Down a 3GPP Sector

Once configured, sectors can be disabled by simply clearing the Sector enable bit as described in
SECTOR_CFG.

Reconfiguring an Active 3GPP Sector

Sector Reconfiguration Commands

The following configuration parameters are required to be reset to ensure valid operation of the system:
¢ Primary Scrambling Code

Antenna 1 ID

Antenna 2 ID

Tcrir
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Frame Based Sector Configuration

The Frame Based Configuration parameters can be applied at any point during the Frame. The Down-
link core applies the update at the next Frame boundary of the associated Sector (i.e., taking into
account any timing offset applied to the associated Sector (Tcgy1)).

All Frame Based Configurations parameters are double buffered. The control of the buffers is done by
the external processor. If the current active buffer is written to, this event occurs in hardware instanta-
neously. If the alternate buffer is written to, the event is synchronized to the Frame boundary.

These parameters are described in SECTOR_CFG_PER_FRAME.

Sector Reconfiguration

Sector based Sync?

Yes

Reconfigure S-SCH Gain
Reconfigure P-SCH Gain

Reconfigure Diversity Modes

Figure 8: Sect@n igure
Setting up a 3GPP Channel 0

Any UMTS Channel (except SCH) ca: 1 igifred using Channel and Stream resources. Each Chan-
nel Type requires a different set of con{¥graon parameters. Those parameters that are not required by
a particular Channel Type are ign )

dary by the hardware so that all parameters must be configured
his can be determined by monitoring the IRQ_REGISTER register
e Frame Number, Slot Number, and Sub-Slot Number for the System.

which provides informgapiig

*
Once configured % PC information must be sent every slot (as necessary). Gain and Phase
information ¢

prior to the appropriate bo

ed every slot if necessary.

These parameyff are described in CHANNEL CFG, CHANNEL CFG_PER_FRAME,
CHANNEL_CFG_PER_SLOT, CHANNEL_CFG_PER_SLOT, STR_CFG, STR_CFG_PER_FRAME,
STR_CFG_PER_SLOT, and CHANNEL_DATA.
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