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Introduction

Even after the invasion of television and satellite channels, radio still remains to be one of the preferred entertainment media for most people. Its qualities like portability, accessibility, cheapness and easy availability are yet to be challenged by any other media. The purpose of this document is to propose a new system for making this media a more interesting one.

As of now we can just receive the signals (programs) that were transmitted by the nearest tower using the receiver (radio set). We have no choice over the programs of our interest. Imagine a hand-held receiver similar to a radio with which you could choose the songs of your interest and your neighbor listening to another song of his choice being transmitted from the same station! This is the goal of the UN Receiver proposed with this document. It is a hand-held device with which you can choose what you want to listen whenever you want to, wherever you are – whether you are traveling or you are at a picnic spot far away from your home.

This system also helps us to define the market value of timings in a precise way when compared to the conventional radio. Since we are able to identify a user connecting to one of our transmitting tower, we can say the total number of users tuned to our station at any point of time. This feature holds much importance for calculating and fixing the airtime rates for commercial breaks, which are the major revenue source of any media.

Concept Overview

The system being proposed in this document is a wireless audio transceiver. It is not just a radio, nor is it just an audio player. It is not a mobile phone either. While similar results may be achieved using mobile cellular phones working on either General Packet Radio Service or High Speed Circuit Switched Data, the quality of the music that this system delivers is very high.

When the user subscribes to the system being proposed in this document, he is given a username and a password, along with a SIM card. With the username and password, he can login to a nominated web site and create his preferred list of songs – play lists, in other words. Along with play lists, he can also designate the time of a day when he would like a particular play list to be played. For example, when a person is returning home from a hard day at work, he would like to listen to refreshing music. A play list containing the songs that he would like to hear on his way back home after work can be created and designated to play at the particular time of the day – say 5.30 pm every working day. At 5.30 pm every working day, the system will broadcast the preferred songs over the air to the hand-held device of the specific user. The user will receive this broadcast on his very own hand-held device, which will be referred to as UN Receiver in this document.

UN Receiver is a hand-held device similar to the mobile cellular phones currently in use, containing a contact type smart card reader. This handset reads the information needed to identify the user from the SIM card (supplied to the user during registration) and communicates it to the nearest transmitting-receiving tower (T/R tower) that will delegate the signal received from this hand-held device to the base station. The base station identifies the user from whose handset the request has been received, and processes this request by looking up the play list corresponding to this user from the web server, where the user has created his play lists earlier. The system finds the play list that needs to be played at that time of the day, finds the song to be played, converts this song into digital stream and sends the digital stream to the TR tower nearest to the user. The TR tower in turn modulates this digital stream into the corresponding RF frequency and begins the transmission. The handset receives this modulated signal, separates out the music from the carrier, and plays the music.

This communication is much similar to the way a mobile cellular phone connecting and receiving signals from another cellular phone through the interlinked tower network. The transmitting station will also have transmitting-receiving towers similar to the GSM towers installed over a region. All these towers will connect to the base station through physical network, while a UN Receiver and the towers communicate using the frequency spectrum similar to the existing mobile cellular phones. 
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Overview of UN Receiver

Technical Feasibility

Technical feasibility of UN Receiver relies mainly on the transmission technology that makes it possible to handle large number of listeners at any point of time with different programs being transmitted to each of their hand-held terminals. Transmission in telephony means sending information on electricity or light from one point to another. Voice or data makes up the transmission. We call the matter that the information travels on as the transmission media, be it wires, cable, or radio waves. For radio frequency (or wireless) transmission we have to use the electro magnetic spectrum as the transmission medium. 

Transmission Technologies

FDM, TDMA, and CDMA are different transmission technologies. Wireless folks call them transport mechanisms or access technologies. They make up the transmission control, the crucial part, of the overall operating system a wireless system uses. 

American PCS operating systems may use either TDMA or CDMA, two different transmission technologies. Analog cellular might use conventional frequency multiplexing division. GSM only works in TDMA.

Here are some wireless systems that use these three ways to transmit information. 

1. Frequency division multiplex or FDM, used in analog cellular; where calls are separated by frequency 

2. Time division multiple access or TDMA, used in digital cellular and PCS; where calls are separated by time 

3. Code division multiple access or CDMA, used mostly for PCS; where calls are separated by code 

Frequency Division Multiplexing

Analog cellular phones use frequency division multiplexing or FDM. It's much simpler than its name suggests. A carrier's assigned radio spectrum is divided into specific frequencies, each separated by space. Like AM radio, which is divided into 10 KHz chunks. Radio station 810, 820, 830, and so on. That's all FDM is. Think of FDM as a single train running on a single track, pulling just one freight car. This is how a current one-way radio system works. For using this technology for our proposed system we need to assign a particular frequency (dedicated stream) for every listener. But what if you've run out of frequencies to handle your listeners? What if you need more capacity? You can either separate your existing frequencies by narrower amounts or you can separate your calls over time.

Time Division Multiple Access

TDMA first digitizes transmission data, and then combines those conversations into a unified digital stream on a single frequency channel. Time division multiple access or TDMA divides each channel into three time slots. In FDM a single listener will take up 10Khz. In TDMA based D-AMPS or digital AMPS, three listeners’ transmission data can be put on that single frequency, tripling a carrier's system's capacity. GSM, D-AMPS, and D-AMPS 1900 (IS-136), and Motorola's iDEN, the famous cellular transmission technologies, all use or can use TDMA. This scheme assigns a specific time slot, a regular space in a digital stream, for each call's use during a conversation.

Think of a train pulling three freight cars. In a TDMA analogy, the transmission system puts each listener’s supplies or payload, their requested program, on every third boxcar in a long train. No need for three separate frequencies like in FDM. With TDMA a single channel is not monopolized, rather, it efficiently carries three calls at the same time.

In cellular transmission, TDMA tripled the capacity of cellular frequencies by dividing a 30-kHz channel into three time slots, enabling three different users to occupy it at the same time. Currently, systems are in place that allow six times capacity. 

Code Division Multiple Access

CDMA is another transmission technology. Rather than separating frequencies by space as in FDM, or by time as in TDMA, CDMA separates calls by code. Every bit of every voice or data transmission gets tagged with a specific code. The UN Receiver receives a program and reassembles the voice data from the coded bits. Think of shipping companies filling every boxcar with packages seemingly at random. Their order doesn't really matter since they each have a unique label on them, like a shipping number, and thus can be sorted out accordingly at the other end.

In cellular technology, CDMA's greatest benefit is that it can use all cellular frequencies in every cell. Similarly every UN Receiver in our proposed system can use all frequencies. We saw how TDMA and FDM carefully assign channels to each cell in advance to prevent interference. But CDMA codes are so specific that interfering radio frequency signals are treated like noise and disregarded. So you can increase capacity, theoretically, by making all frequencies available at all times. 

The third generation radio frequency communication technology in CDMA has evolved to Wideband CDMA (or WCDMA). By using WCDMA we can realize our proposed UN Receiver. Let us have a detailed look at W-CDMA.

Wideband CDMA

Operating Band Structure

W-CDMA operates in the 1920-1980MHz band for the uplink and 2110-2170MHz for the downlink. These are the main bands for IMT-2000 and are designated as Band A for the uplink and Band A’ for the downlink. These two bands are in the 230MHz global spectrum identified by the ITU World Administration Radio Conference (WARC-92) for a worldwide standard – IMT-2000. Figure 1 shows the frequency plan of the 230MHz
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Figure 1. Frequency plan for IMT-2000

MSS: Mobile Satellite Service

PHS: Personal Handy phone System

A (1920-1980MHz): Uplink (handset to base station)

A’ (2110-2170MHz): Downlink (base station to handset)

Basically A and A’ will use the FDD system with frequency intervals of the 190 MHz bandwidth 

B (2010-2025MHz): Utilizing TDD system for the time being

C (1885-1895MHz, 1918-1920MHz): Taking into account the use of PHS

W-CDMA is a frequency division duplex (FDD) system. FDD allows a simultaneous two-way communication by employing two separate frequency channels. The frequency separation between transmit and receive channel is 190MHz. The lower band (A) carries information from the handsets to the base stations. On the other hand, the upper band (A’) carries information from the base stations to the handsets. Both the A and A’ bands are 60MHz wide. Both of them are divided into twelve frequency channels. Each frequency channel is 5MHz wide. Figure 2 shows the operating band structure for the UN Receivers.


Figure 2. Operating band structure

W-CDMA Schemes

Wideband CDMA is a direct sequence spread spectrum (DSSS) system. W-CDMA systems spread the bandwidth of an information stream to a much wider bandwidth and lower the power spectral density (PSD) accordingly. There are two main types of wideband CDMA schemes: network asynchronous and network synchronous. In network asynchronous schemes the base stations are not synchronized, while in network synchronous schemes the base stations are synchronized to each other within a few microseconds. There are three network asynchronous proposals: WCDMA 1 in ETSI and ARIB, and TTA II wideband CDMA in Korea. A network synchronous wideband CDMA scheme has been proposed by TR45.5 (cdma2000) and is being considered by Korea (TTA I). 

The WCDMA scheme has been developed as a joint effort between ETSI and ARIB during the second half of 1997. The ETSI WCDMA scheme has been developed from the FMA2 scheme in Europe and the ARIB WCDMA from the Core-A scheme in Japan. Table 1 lists the main parameters of the WCDMA scheme.

	Channel bandwidth
	1.25, 5, 10, 20 MHz

	Downlink RF channel structure
	Direct spread

	Chip rate
	(1.024)^3/4 / 4.096 / 8.192 / 16.384 Mc/s

	Roll-off factor for chip shaping
	0.22

	Frame Length
	10ms/20ms (optional)

	Spreading modulation
	Balanced QPSK (downlink), Dual channel QPSK (uplink), Complex spreading circuit

	Data Modulation
	QPSK (downlink), BPSK (uplink)

	Coherent detection 
	User dedicated time multiplexed pilot (downlink and uplink); no common pilot in downlink

	Channel multiplexing in uplink
	Control and Pilot channel time multiplexed, I & Q multiplexing for data and control channel

	Multi rate
	Variable spreading and multi code

	Spreading factors
	4-256

	Power control
	Open and fast closed loop (1.6 KHz)

	Spreading (downlink)
	Variable length orthogonal sequences for channel separation Gold sequences 2^18 for cell and user separation (truncated cycle 10 ms)

	Spreading (uplink)
	Variable length orthogonal sequences for channel separation, Gold sequences 2^41 for cell and user separation (different time shifts in I and Q channel, truncated cycle 10 ms)

	Handover 
	Soft handover Inter-frequency handover 

	In the ARIB WCDMA proposal a chip rate of 1.024 Mc/s whereas in the ETSI WCDMA it has not


Table 1: Parameters of WCDMA

Data and Chip Rate

The full W-CDMA specification allows variable data rates and chip rates at

1.024/4.096/8.192/16.384Mcps. Spreading involves the data and chip sequences.

The data sequence is the information stream and the chip sequence is the spreading code. The information stream is a relatively low bit rate sequence, while the spreading code is a relatively high chip rate sequence. 
Channel Bandwidth

The nominal bandwidth for all third-generation proposals is 5MHz. The full W-CDMA specification allows the channel bandwidths of 1.25/5/10/20MHz. The 5MHz bandwidth is the direct result of the choice of the chip rate and the pulse-shaping filter. W-CDMA specifies a square root raised cosine pulse shaping filter with roll off factor of.0.22. The use of a pulse-shaping filter is to conserve the channel bandwidth. The square root raised cosine filter satisfies the Nyquist criterion such that the introduction of the pulse shaping does not cause inter symbol interference. The choice of a wide channel bandwidth can achieve high data rate. For instance, the 5MHz bandwidth can support a data rate up to 384Kbps. The use of a wide channel bandwidth enables RAKE receivers to resolve more multi paths. This improves the receiver sensitivity and lowers the transmit power requirements for the handsets. 

Spreading and Modulation

W-CDMA specifies a two-layered spreading structure. The 1st spreading code is a short code for channelization purposes. The code is derived from a Walsh/Hadamard function. The spreading code for the 2nd layer spreading is a long Gold code for randomization. It is performed in the base band processor. The base band processor sends the direct (I) and quadrature (Q) spread sequences in digital format to the UN Receiver, which uses quadrature phase shift keying (QPSK) technique to modulate the sequences on the carrier.

Transmitter

The transmitter of the W-CDMA system provides a digital interface for the base-band processor. The base-band processor sends the spread base-band signal through the digital interface to the transmitter. The transmitter modulates the base-band signals on a radio frequency (RF) carrier. The modulated RF signal is then amplified, filtered and transmitted to the base station through the air link. To combat the near-far problem, the transmitter operates in conjunction with a transmit power control (TPC) to maintain the transmit power at an appropriate level. The control determines the power level based on the digital command from the base-band processor. 

The transmitting band of transmitter is (1920 – 1980 MHz). A digital command from the base-band processor can control the transmit power over a 70dB range. The data rate is 128Kbps. The data sequence is spread with the spreading codes at 4.096Mcps chip rate. The modulation type is QPSK. The base-band processor sends the direct (I) and quadrature (Q) base-band signals to the transmitter in two separate channels. The base-band processor samples the base-band signals at 32.768Msps. The sample rate is eight times the chip rate. The signals are sent in 8-bit digital format. The transmitter digital-to-analog converters (DAC) reconstruct the analog signals and these signals are filtered by 0.22 roll-off, square root raised cosine (RRC) filter. The resulting analog signals are applied to the transmitter modulator.

Transmitter Specifications

The transmitter is specified to have the maximum output power in the range from 29dBm to 33dBm. The output power is controllable over 70dB range – the minimum output power is from –41dBm to –37dBm. The power control step size is 1dB. Transmitter power control (TPC) is essential to direct sequence spreading spectrum (DSSS) systems. It is required to combat the near-far problem. W-CDMA provides TPC on both the uplink and the downlink. There are two types of the TPC: open loop TPC and closed loop TPC.

Receiver

The receiver of the W-CDMA system receives the radio frequency signal from a distant base station. The operating band of the receiver is 2.11GHz to 2.17GHz. The dynamic range of the receiver is 80 dB. The first stage of the receiver processes the radio frequency (RF) of 2.1GHz. The second and third stages of the receiver process the intermediate frequency (IF) of 190MHz – 70MHz signals. The demodulator of the receiver recovers the base-band signals from the IF signals. The last stage of the receiver consists of analog-to-digital converters (ADC). These converters are the interface between the receiver and the base-band processor. The converters digitize the base-band signals and provide the digital outputs to the base-band processor.

The receiver operates in conjunction with the automatic gain control (AGC) and the automatic frequency control (AFC). The AGC improves the dynamic range of the receiver by maintaining a constant signal level at the input of the ADCs. The AFC improves the receiver sensitivity by producing precise base-band demodulation. 

The received signal is a QPSK modulated direct sequence spread spectrum signal. The 1st down-conversion converts the received RF signal to a 190MHz IF. The 2nd down-conversion converts the 190MHz IF to a 70MHz IF. A QPSK demodulator recovers the base-band I and Q signals from the 70MHz IF. The I and Q signals are filtered and digitized. Finally, the digitized samples are sent to the base-band processor. The 1st down-conversion requires a local oscillation (LO) from 1920MHz to 1980MHz (the transmit band) so that the received frequency from 2110MHz to 2170MHz is converted to 190MHz. The 2nd down-conversion requires a LO at 260MHz to convert the 190MHz IF to the 70MHz IF. The synthesizer generates the LOs. The AFC is a 140MHz local oscillator. The 140MHz LO is fed to the QPSK demodulator. The demodulator uses the 140MHz LO to recover the base-band I and Q signals. The nominal frequency of the AFC is 140MHz.

There are two identical receivers in the hand-held device. One of the receivers shares the antenna with the transmitter through the duplexer and is called the main receiver. The other receiver has its own diversity antenna and is called the diversity receiver. The two receivers provide an antenna diversity gain to improve the reception performance and facilitate the inter-frequency handover. The main and diversity receivers are identical.

Receiver Sensitivity

W-CDMA employs pilot symbol-aided coherent detection to optimize receiver sensitivity. The pilot symbols on the downlink are time multiplexed with the TPC command and the data, while the pilot symbols on the uplink are IQ multiplexed. The pilot symbols are used for channel estimation at the receivers. The estimation allows the coherent detection and automatic frequency control. Detection can achieve 10 -3 BER at 6dB or less Eb/No on the traffic channel. The specified minimum input power is –113dBm at the receiver.

W-CDMA Transmitter

W-CDMA Receiver

             

Handover

W-CDMA employs two receivers in the handset. One is the main receiver and the other is the diversity receiver. The diversity receiver facilitates the inter-frequency handover operation. W-CDMA employs hierarchical cell structures (HCSs) that overlay macro cells on top of smaller Micro or Pico cells. The HCSs boost system capacity and offer full coverage in urban environments. However, cells of different cell layers will operate on different frequencies. This requires inter-frequency handover ability in the handset terminals. 

How the system works?

When the UN Receiver is turned on, it starts out by transmitting certain control sequences over preset frequencies. The nearest tower picks up this transmission, recognizes that a handset has just been turned on, and responds by requesting the user authentication information from the handset. The handset reads this information from the SIM card in the handset, and transmits this information to the tower. The tower forwards this information to the base station. The base station identifies the user, looks up the user’s information in the database of the web server, and sends back to the tower a list of possible programs that it can broadcast to the user. The tower in turn sends this information to the handset, which displays this information to the user and prompts him to make a selection of the program that he would like to listen at that time of the day. The user chooses a program (a play list), which is sent back to the base station via the TR tower. The base station then reads the song to be played to the user, converts the song into a digital stream, and sends the stream to the tower. The tower modulates this digital stream using the required radio frequency signals, and transmits the modulated signal. The UN Receiver receives this signal, separates out the song from the underlying carrier frequency, and plays the song.

The users can register to the website provided by us and can log on to the site using username and password provided during subscription. From there they can create their play lists and schedule their programs. The programs will be played automatically as scheduled when the user switched on his UN receiver. He can also change the scheduled program through UN receiver.

The following are the activities that can be performed by the users through the UN Receivers.








The following are the activities that will be performed by the system, in response to the instructions received from the UN Receivers.





Value added services

Since the transmission and reception have been personalized, we can give value added service like personal reminders for users, allowing users to create user groups for broadcasting to a particular group, allowing users to select the field of interest for advertisements, direct user interaction (or live) programs without using a separate phone.

Sample Screens

Normal mode:


Program list mode:


Program running mode:


Model diagram of UN Receiver
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User Activities





Activities of the system, in response to user requests
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