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Why BBE64? 4G Wireless, especially LTE-Advanced
Quantum Step in Required Performance
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Web browsing

Text E-mail
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User-specified DSPs

ConnX 
VectraLX DSP

Tensilica Meets a Breadth
of DSP Design Requirements

mm (28nm)

Xtensa µDSPs
As small as  ~0.01 

mm2 (28nm)

ConnX BBE64-128
100 GMACs/sec-UE
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ConnX
Turbo16MS

ConnX
BSP3

ConnX
SSP16

ConnX BBE16

ConnX D2
Dual-MAC DSP

ConnX BBE64

Core Size
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Atlas System Block Diagram
Fully Software Programmable LTE Cat4 Reference Design
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DSP Computation Requirements 
of LTE Advanced

Application LTE (designs completing today) LTE-Advanced (designs starting)

User Equipment • 2x2 MIMO
• 150Mbs Peak
• 20MHz Bandwidth

• 2x2 MIMO
• 1Gbs Peak
• 100MHz Bandwidth

Infrastructure • 2x2 MIMO
• 150Mbs Peak
• 20MHz Bandwidth

• 4x4 MIMO
• 1Gbs Peak
• 100MHz Bandwidth
• Iterative Receivers

Performance 
per area/power

Performance

ConnX
BBE16

ConnX
BBE16

A range of solutions is required to meet the needs of LTE Advanced

ConnX BBE64

5 x performance increase5 x performance increase

BBE64-UE

Key: Strong 
ops/W on 

complex tasks

10~15 x performance increase10~15 x performance increase

BBE64-128

Key: > 100 billion 
multiply-add 

ops/sec
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BBE64 Family Design Goals and Philosophy
World-leading DSP performance for 
baseband PHY in terminals and 
infrastructure
Combine SIMD, VLIW and 
configurable instruction set features 
for large applications “sweet-spot”. 
Leverage extremely high memory 
system bandwidth of Xtensa LX4 –
1024b per cycle

96 bits Wide

4 Way VLIW Instruction Decoder

Load
Store

Data Memory 
Interface

Local Memory

512 bits Wide

512 bits Wide

Instruction 
Memory 
Interface

Local Memory 
or Cache

x 32 bits

Data Load/Store Unit 0
(16/32/128 /512 bit to 640 bit)

Data Load/Store Unit 1
(16/32/128 /512 bit to 640 bit)

Vector Register File

16 x 640 bits 

32 x 20 real

16 x 20 complex
64 x 10 real

32 x 10 complex

Computation Unit

32b ALU

64 Way MAC

32 Way SIMD 
ALU

8 x 640 bits 

16 x 40 real

8 x 40 complex

4 x 64 bits 

64 x 1 boolean

32 Way SIMD 
ALU32 Way SIMD 

ALU64 Way MAC

Load
Store
ALU

MAC
ALU

MAC
ALU

Align/Pack

Pack

64
0 

bi
ts

32 bits

32
 b

its

640 bits

32b ALU
32b ALU

General Register 
File

Boost control code performance with multi-issue base ops
Leverage state-of-the-art vectorizing compilers, C scalar/vector data-types, 
operator-overloading and optimized intrinsics to eliminate need for assembly
Full ConnX BBE16upward compatibility
Fully synthesizable RTL, with complete system modeling, verification and back-
end flows environment
Register-file port and instruction packing optimizations to minimize area/power
Foundation for further customer optimization by configuration and TIE
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ConnX BBE64 – for LTE Advanced

96 bits Wide

4 Way VLIW Instruction Decoder

Load
Store

Data 
Memory 
Interface

Local 
Memory

512 bits Wide

512 bits Wide

Instruction 
Memory 
Interface

Local 
Memory or 
Cache

x 32 bits

Data Load/Store Unit 0
(16/32/128 /512 bit to 640 bit)

Data Load/Store Unit 1
(16/32/128 /512 bit to 640 bit)

Vector Register File
16 x 640 bits 

32 x 20 real 16 x 20 complex
64 x 10 real 32 x 10 complex

Computation Unit

32b ALU
64 Way MAC

32 Way 
SIMD ALU

8 x 640 bits 
16 x 40 real 8 x 40 complex

4 x 64 bits 
64 x 1 boolean

32 Way 
SIMD ALU32 Way 

SIMD ALU64 Way MAC

Load
Store
ALU

MAC
ALU

MAC
ALU

Align/Unpack/Pack

Unpack/Pack

64
0 

bi
ts

32 bits

32
 b

its

640 
bits

32b ALU32b ALU

General Register File

Dual 512b 
load/store

Pack & unpack to 
extended precision

Full mem BW 
to unaligned & 
variable sized
vectors

Parallel register 
files for greater 
data BW without 
“port bloat”

Up to 3 base 
ops in parallel 
with DSP ops

4-way VLIW with 
flexible op:slot
mapping

16b, 24b and 96b 
instruction lengths

64 or 128 18x18 MACs: 
with complex, FIR, 
Matrix,Mul optimizations

32-say SIMD operations 
in up to 4 slots

Guard-bits on all 
vector data for 
numerical robustness: 
8+2, 16+4, 32+8

32-say SIMD 
operations in 
up to 4 slots

Full protected pipeline for 
robustness (interlocks) 
and min latency (bypass)

Native DSP C types: 
real & complex, vector 
& scalar, integer & 
fractional
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Performance Boost for LTE Advanced
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BBE64 Connectivity in Wireless Baseband 
Systems

Proc 0 Proc 1 Proc 2

Shared 
memory

Local banks

Shared 
memory

Local banks

Shared  mem I/F

Global shared memory 
interconnect

Streaming links to global shared memory interconnect @ 13GB/s: [up to 1 per processor]
Streaming links to locally shared memory @ >50GB/s: [up to 2 per processor]
Streaming data and control queues @ >64GB/s: [up to 4 per processor]

Shared  mem I/F

Local banks

Three complementary processor-processor interconnect types
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New Directions in DSP Memory Systems
Two or more wide memory operations per cycle
Full bandwidth on unaligned data streams
High-efficiency, tightly-coupled DMA support to/from local data memory
Multiple references per cycle to data cache
Direct connect data queues: blocking/non-blocking
DSP data cache coherency – possible, but is it an efficient approach?

Base-station: cross-bar + message mesh

BBE6
4-128

BBE6
4-128

BBE6
4-128

BBE6
4-128

5x5 crossbar interconnect

Handset: DSP + specialized engines

BBE64ue

FFT
FIR

Soft Stream
Bit Stream

Turbo

Streaming links to global shared memory interconnect @ 13GB/s
Streaming links to locally shared memory @ >50GB/s
Streaming data and control queues @ >64GB/s


