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AS Access Station

BOM Bill Of Materials

DVR Digital Video Recorder
LoS Line of Sight

MAC Medium Access Control
MIMO Multiple Input Multiple Output
MRC Maximum Ratio Combining
NLoS Non Line of Sight

NOE Network Offload Engine
PCB Printed Circuit Board
PMP Point to Multipoint

QoS Quality of Service

RFFE RF Front-End

RG Residential Gateway

RS Remote Station

STB Set Top Box

TDD Time Division Duplex
VCA Video Content Analysis
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ASTRALS (Audio-visual STReaming plAtform for domestic Leisure and Security) is a 24 months-
long project focused on personalised, scalable, A/V encoding and trans-coding/trans-rating for
storage and distribution within existing households via streaming-optimised wireless links. The
ASTRALS project is organised in 7 work-packages. WP1 (Project Management) and WP7
(Exploitation, Dissemination & Standardisation) determine the project management framework and
the interaction channels with the “outside” world respectively, while the remaining work-packages
are technical work-packages.

This document concerns WP2 - Stream-Optimised Wireless Extensions, which is focused on the A/V
stream optimised wireless platform of the ASTRALS project. The ASTRALS wireless platform will
offer enhanced & optimised features, with respect to current WiFi based wireless systems, to support
mesh and real-time applications in a home environment.

This document concerns the project Deliverable D2.6 - “Cost Optimization Targeting the Mass
Market”. This document will first give a brief overview of the home network market, especially for
wireless applications and will also give an evaluation of the main functions that affect cost. It will
then focus on the different potential solutions to optimize the overall cost of the wireless platform.
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Within the ASTRALS project, the main target of work-package 2 is the realization of a wireless
platform that allows the transportation of video over a wireless link, with particular regard to the
demanding requirements of video-streaming applications. This purpose of this document is to outline
some of the approaches intended to optimize the cost of a wireless system within a home network
environment.

It will first consider the context of the ASTRALS project and the home network market in general,
before dealing in more detail with the wireless market itself for home network applications.

Then, an evaluation of the main functions affecting the cost of the actual wireless platform will be
considered. Finally, several approaches will be presented for optimising the cost and targeting the
home network market.

1.1. Astrals context and Home Network market

As previously mentioned in [1], the ASTRALS project is focused on efficient, Audio/Video
encoding, transcoding, storage and distribution in households via streaming optimised wireless links.
The target services are personalised, network aware video encoding, adaptation and distribution to
multiple heterogeneous terminals and intelligent home security/surveillance utilising a low cost in-
home network.

There is no doubt that a) the video/audio and entertainment market, b) mobile subscribers and ¢) the
broadband home access market are three key business areas in which to foster home network
innovation. ASTRALS aims to capture these markets, by implementing an innovative A/V
processing and wireless stream optimized platform able to pioneer products for the near- to mid-
market segments.

The following picture (Figure 1) illustrates a possible infrastructure for the ASTRALS home
network.
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Figure 1: Possible infrastructure for the ASTRALS envisaged home network
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Today, the wide majority of Residential Gateways (RG) is designed as multi-interface routers with
low-processing capabilities. ASTRALS however, aims to innovate by providing a home RG platform
with superior processing together with Audio/Video and wireless capabilities. The ASTRALS RG
will therefore be enhanced by two extension sub-systems:

a) An efficient, stream-optimised wireless transmission sub-system based on the IEEE 802.16d
standard [2] and
b) A powerful, fully programmable, Audio/Video optimised sub-module.

According to several studies related to the home network market such as [3], this approach is the
correct way, where it seems that different products such as Digital Set Top Boxes, PCs, Media
Servers and Games Consoles will probably converge to a “multimedia enabled networked terminal”.

1.2. Particular context of the wireless market for Home
Network applications

The wireless market for home network applications can now capitalise on several years of broad
deployment. According to [4], about 70% of home networks are now using wireless. However the
majority of these networks are intended for internet applications, where PCs can be wirelessly linked
to the gateways. Only in the last 2 years has there been a strong interest in wireless video-streaming.
This did not happen before because the technology was not mature enough. However the technology
can now cope by using 802.11n MIMO based technology, which offers a massive improvement over
802.11bg. As a matter of fact, several Wifi chipset providers are explicitly referring to video
applications, as the next Holy Grail for wireless deployments.

At the moment it is too early to say in such a new field which applications will succeed, as was the
case for in-home internet applications. Video-streaming requirements are very much more difficult
than other applications, as video is not tolerant of errors or interruptions whilst at the same time it
requires significant bandwidth.

Other different technologies also compete for in-home video-streaming. Wired media are of course
better placed in this respect for ensuring a stable and deterministic transport service. UWB is
definitively not yet mature, and will probably never be in position to compete with the same
applications, at least not on its own.

This is where wireless technology such as the one investigated in the ASTRALS project comes in
since 802.16 based technology is able to support a QoS based and efficient in-home delivery of
video-streaming, while still ensuring audio and data services.

There is no way that one can consider cost optimisation without referring to what is going on in the
WiMax field. Firstly the IC cost will depend on the volume of products which in turn will be driven
by regular WiMax applications. Secondly and importantly in our opinion, one important aspect of
the future landscape that will affect costs will be the so-called Fixed-Mobile convergence. More
precisely in our case this refers to the domestic femto base station as described in 2.3 below.
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A distinction should be drawn between the cost of the wireless platform in the short term on the one

hand and the cost of a fully integrated wireless function or platform as it will be in the longer term
on the other.

The board produced for demonstration in the ASTRALS project is a feasibility prototype. We did
not try to design for a minimal BOM for the prototype. However since niche market segments could
benefit from a reliable technology for transporting video streaming with a reasonable Quality of
Service, a first study of cost reduction has been carried out. The cost evaluation chapter below
describes the components and their associated features. Then the cost optimization chapter will
describe how each feature can be integrated in order to reduce the cost.

2.1. Cost evaluation

Today, the most expensive components of the wireless platform are the FPGAs, followed by the
standalone ADC/DAC converters, and finally the RF components.

The wireless prototype board (Figure 2) as it used in the demonstrations is depicted below.
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Figure 2: Wireless system as implemented on ASTRALS platform

The system is composed of three boards:
1) main digital board with network, MAC and PHY features
2) digital to RF conversion board embedding the ADC/DAC components

3) 2 RF boards with analogue interfaces
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The main board now includes a large number of test connectors for debugging which would be
removed in a production board. Removing the majority of these connectors would reduce the BOM
and the PCB complexity because the I/O count would be reduced. As a result the PCB cost would
also be reduced.

Two Ethernet (100 BT) interfaces have been included in order to allow two possible ways to connect
the wireless board onto an [P network:

- one directly to the MAC FPGA (not used at the moment) and
- one connected to the main external CPU (PPC 405GP)
We have implemented an external CPU (PPC 405 GP) for realising:
- all the Ethernet 802.3 features (with the IP stack running on Linux 2.4).
- the wireless MAC CS layer (classification part).
- remote control and monitoring using an embedded HTTP server.

This independent CPU component has an inconvenient feature in that it requires dedicated SDRAM.
Moreover, a complex OS such as Linux requires a powerful CPU with all its related resources. In
this particular design, it was not advisable or possible to share external memory.

To buffer the packets transported over the air and to facilitate the design, two dual port external
memories have been included between the CPU itself and the MAC layer contained in the first
FPGA. Since these types of component are very expensive, typically 90€ each, they need to be
removed from the BOM.

The most expensive components on the board are the two FPGAs. One is used for the MAC layer,
and the other one for the PHY layer. It was useful to separate these features in this project as the
designers were not the same and it has avoided the necessity to share the same FPGA compilation
resources. Because it was necessary to share a lot of information between the two FPGAs, a many
signals have been routed between them. As a consequence the PCB complexity and so the
manufacturing cost were increased.

The separate analogue to digital conversion board concept was useful because it allowed designer to
change the daughter board connected to the main digital board, but this also increased the cost.
Clearly it is mandatory to integrate all these components, both analogue and digital, onto the same
board in order to reduce the cost.

The RF component used on the 2 RF boards is an IC chip without any digital interface and with only
one Tx/Rx path. Some other chip vendors are proposing or will propose in early future, RF ICs with
several RF chains, 2Tx/2Rx, 2Tx/3Rx, 3Tx/3Rx..., or ICs with integrated ADC/DAC parts. These
components should be investigated further in order to reduce cost.

From this cost evaluation, efforts should focus on integration, on reducing the size of the main board,
on integrating digital functions in one component and on the use of more integrated RF components.
This will be discussed in more detail in the next paragraph.

2.2. Cost optimization

2.2.1. Using a more integrating board

As explained above, it is mandatory to reduce the number of components in order to reduce the
board complexity and to share the available resources at the best level possible.

ASTRALS D2.6 TMS_ V1.1 FF 200712066 Page 10 of 17



FP6-1ST- 0028097 - ASTRALS
D2.6-Cost Optimization Targeting Mass Market

The external CPU, MAC FPGA and PHY FPGA have to be integrated in a common FPGA
component to reduce cost and complexity. As regards the network feature realised by the CPU, there
are two possibilities of implementation:

- Keep Linux as a general OS and use a FPGA integrating a powerful CPU in silicon (not
software oriented)

- Reduce the network software processing by removing Linux with its IP stack and replace
it with a small OS (such as pC-OS2). In that case, a software oriented CPU proposed by
all the FPGA vendors would be sufficient for realizing board control and for monitoring
using [P protocol.

[ Controx |
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| ALplication
HTTP server
| ........ i ]
rimme ai WL, o
Une Single Component
(all digital functions)
LN = /|
| L oemmaie s
MAC MAC O i
802.16 | 1 RFIC with
N ——— several
G' Tx/Tx paths
PHY 4 PHY » + ADC/DAC
- RF
Ethernet Wimax interface
interface

Figure 3: Illustration of wireless system integration for cost optimization

The first step to reduce cost may be to use a masked FPGA. The second step is to produce a
dedicated ASIC. The first step can be bypassed if the market projections are sufficient to justify an
ASIC development, which is of course the best way to reduce the unitary cost of the component, but
which requires a higher investment. If not, it is still possible to drastically reduce the cost of the
FPGA components by using the FPGA masked manufacturing process proposed by the FPGA
vendors. In this way, we can aim for a cost reduction by a factor 4. The masked FPGA is not
reconfigurable, it does not require external configuration memory and has a reduced power
consumption.

Integrating network CPU and MAC CPU in the same component would allow sharing the same
memory resource. In that case, a simple DDR2 SDRAM would be sufficient to support the network
code, buffering and MAC code.

To address the cost reduction goal, a new board should be designed. The diagram below - Figure 4 -
describes the new board configuration.
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Figure 4: Proposed architecture for cost optimized wireless board

The second option cited above has been chosen in this case. The Linux stack has been replaced by a
smaller OS (uC-OS2), where the software oriented CPU will implement both the board control
function and the monitoring function using IP protocol. The IP routing function will be realised by
the Network Offload Engine (NOE) implemented inside the component itself.

2.2.2. RF part

The RF part of the wireless system already uses an IC designed for WiFi applications on the RF
board. However, this IC has only one Tx/Rx path so we had to implement two of them on each main
board in order to be able to have the option of the MRC or MIMO enhanced functions.

As mentioned above, RF IC vendors are working with digital IC vendors to develop a very low cost
solution based on ASIC manufacturing for WiFi or Wimax applications. The trends are to integrate
ADC/DAC functions inside the RF IC and/or also to integrate several Tx/Rx paths in the same IC,
which may be useful for MIMO applications. Please refer to paragraph 2.2.3 for more information
about cost reduction on MIMO extensions.

The next step to reduce cost is to use a new RF IC with sufficient performance to support our
requirements, which integrates ADC/DAC functions and which also provides more than one Tx/Rx
path. As a first integration test, the RF function could remain on a separate daughter board before
complete integration onto a single board.

2.2.3. Particular case of the MIMO extensions

In general, MIMO has been shown to offer a significant performance enhancement over standard
(single-antenna) systems [5]. It has also been shown however that this performance cannot be
achieved in a Line-of-Sight scenario and therefore an increase on the number of antenna elements
only results in a marginal increase in performance [6]. However, the ASTRALS Line-of-Sight
optimised architecture can offer a linear increase in the capacity which is higher than the previously
thought maximum limit of i.i.d. Rayleigh capacity which occurs in rich-scattering (non-LoS)
environments. As a result, the development of the ASTRALS advance MIMO architecture offers a
very cost-effective solution for increased performance since it results in a much higher “Capacity
gain per antenna element” ratio than standard MIMO systems in LoS.

ASTRALS D2.6 TMS V1.1 FF 200712066 Page 12 of 17



FP6-1ST- 0028097 - ASTRALS
D2.6-Cost Optimization Targeting Mass Market

60

MIMO

50 A Access Point

Laptop wlzi1|
4 MIMO card |

Capacity (bps / Hz)

10 A

SISO® Normal MIMO in LoS

’ *LoS = Line-of-Sight

1 2 3 4 5 5] 7 B =]

Number of antennas

Figure 5: Capacity performance of Standard and LoS-optimised MIMO as a function of the
antenna elements

The performance increase in terms of the capacity becomes even more significant when seen from a
link-layer perspective, where standard MIMO systems fail to recover from the high correlation of the
LoS-channel and result in very poor performance (worse than SISO systems). As shown in the
following figures, a very significant SNR difference is required in order to achieve the same
throughput in standard and LoS-optimised MIMO systems [7].
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Figure 6: Link-level performance of Standard and LoS-optimised MIMO as a function of the
SNR

The results shown above, illustrate the significantly increased cost effectiveness of the ASTRALS
LoS-optimised MIMO architecture in terms of the reduced transmit power required to achieve the
same performance. The increased cost effectiveness is a product of the considerable battery power
saving and also cost savings from other components such as amplifiers.

2.2.3.1 Further issues on the cost effectiveness of the MIMO extension

The key features that we need to be implemented in order to achieve maximum benefit at the lowest
possible cost is to provide for adapting the antenna configuration to cater for different
communication scenarios such as line of sight and non line of sight communications. By assessing
the number of individual components that we need to implement this and the required
communication strategy, we can both reduce the overall component cost and simplify stock control
and issue.

The cost of manufacture is approximately evenly divided between radio frequency (RF) parts, digital
parts and mechanical assembly. As for the RF part, Mitsubishi Electric will incorporate its advanced
chipsets specially designed for WiMax equipment. Since these are internally impedance matched
they are both efficient and stable and capable of delivering high output power for those products that
require it. Gallium Arsenide Field Effect Transistors (GaAs FETs) for 2.5 GHz and 3.5 GHz band
WiMAX equipment are currently available and 5 GHz versions are due to be ready at the end of this
year.

RF devices for the pre-WiMax base transceiver stations of the proprietary systems used in some
American and European markets have been produced. These devices have the lowest current and
distortion in the industry so requiring lower energy consumption in base transceiver stations and
access points. This has the effect of reducing the total cost of ownership for the end user, i.e. reduced
energy consumption, reduced installation costs and reduced operating costs. The good linearity
results in reduced adjacent channel leakage power by using a FET chips optimized for each
frequency band so giving improved spectral efficiency which will be important for consumer
equipment.

Due to their low energy consumption, the mechanical size of the new RF assembly can be reduced
allowing a reduction in the size of the power supply circuit and in the number of components as well
as simplifying the heat-sink design. This leads to low installation and operating costs for residential
gateways and small base stations.
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Cost optimisation will be achieved by using the novel technology developed, by using quality
controlled materials and by focussed cooperation with partners in the supply chain. Although we will
aim to reduce the cost of the components we will also aim to enter into collaborative agreements
with the suppliers to optimise the design to fit their capabilities.

2.3. Femto Base Station Concept

The domestic femto base station concept envisages putting a reduced base station in the gateway and
using licensed bands at much reduced power, in order to link any communication in the femto base
station’s vicinity with the user’s devices. A handover is therefore required between the regular
cellular base station and the domestic base station to ensure seamless communication services for
those user devices which are mobile. When femto base stations are deployed, it is envisaged that
communication will not just be restricted to voice communications but will be able to be generalised
to include video as well.

As such, the wireless home network would form a tiny 802.16¢ cell, such as that investigated in the
ASTRALS project. Total throughput is not likey to be huge, but sufficient to deliver audio and
video-streams such as those delivered in ASTRALS demonstration.

IDATE believes that 10 million UMTS femto cells will be shipped in 2010, rising to 18 million in
2011. A study from ABI Research also forecasts about 100 million users of femto cell products
corresponding to about 30 million access points worldwide by 2011. Those last figures are related to
wireless cellular technologies in general, i.e. 3.5G and Wimax / 802.16e. It is likely that if the femto
base station concept proves a success in one technology, it will be further expanded to include
others.

Note that Femto BS — should they be Wimax or 3.5G — need to be in the initial price range of around
200$ BOM, decreasing to around 100$, in order to be viable.

It is interesting to refer to the roadmap for the 802.16e chipset. Although prediction is difficult
because it is dependant on so many factors, several analysts suggest that the 802.16¢ chipset should
be available at 10$ close to 2012.

This chipset cost decrease relies on different factors:
e New 60nm CMOS technology,

e Combination of RF and digital on the chip : combining the same technology, or on the same
module thanks to SIP (System In Package)

o Integration with Wifi (i.e. dual Wifi-Wimax chipset)

e And, most important of all, a high volume ramp-up in demand

More precisely, evolution and volume may itself be driven by different implementation and market
segmentation as follows:

¢ Fixed implementation CPE (Consumer Premise Equipment) and residential gateways,

e PC market: 802.16¢ chipset embedded in PCMCIA or Expresscard, USB dongle, mini PCI
and related form factor devices,

e Mobile / CE devices to be present in mobile handset, smart-phone, portable multimedia
player, portable gaming devices.
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Note that the future acceptance 802.16e will be further enabled if it succeeds as a standard for 4G in
the IMT-advanced group as in 3G in the IMT-2000 group.

All in all a target 1008 cost for the gateway and 10$ cost per wireless node would make for a
reasonable global solution which in terms of cost would be comparable with current WiFi
implementations.

, H

From a mid term perspective, the wireless module, as it is defined today, has the prospect of being
able to be very significantly reduced in cost thanks to the availability of the FPGA mask process and
the usability of RF ICs available in volume.

From a longer term perspective, thanks to IC availability, the expected deployment in volume of
802.16¢ devices and the expected deployment of reduced cost domestic femto base stations, allows
us to think that the total cost of an integrated wireless solution — such as the one demonstrated in
ASTRALS - is completely in line with consumer expectations.
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