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Purpose:


The purpose of this document is to discuss the aspects of Multimedia Messaging Services (MMS), the requirements, the downfalls and what is needed to make them work.  Included in this document will be the channeling techniques used to make MMS possible.

Introduction to Wireless Messaging:

The original use of wireless messaging was the Short Message Service (SMS) which allowed handheld computers, including cellular phones, to send and receive text messages.  At the time, the concept was nice and convenient.  However, our modern day expansion of technology was demanding more with our world becoming connected as one.  About five years ago, Nokia invented smart messaging.  Smart Messaging is used for sending and receiving ring tones, picture messages, operator logos, business cards, and calendar requests. As Internet-capable mobile phones emerged, the over-the-air (OTA) configuration of the Internet/WAP access has become popular. Many network operators and service providers send configuration messages remotely to mobile phones today. Since its introduction in 1997, Smart Messaging has become one of the most successful terminal-specific content delivery technologies.  In late 2000, Ericsson Europe released Multimedia Messaging Services (MMS) in Europe and parts of Asia.  MMS allows the transmission of audio, video, images, and of course, text messaging.  The success of MMS in Asia and Europe has shown interest in the United States.

Performance:


For the past 20 years, cellular technology has turned from the 1g analog “brick phone” technology to the slim “cook your breakfast” technology of tomorrow.  Every generation has provided greater advances in speed, versatility, and even size.  The chart below shows the progression from yesterday to someday.  

There are many factors to consider in dealing with performance of wireless services.  The software and the servers that support it will store the messages, handle errors, and offer the message services for proper deliver.  The hardware will be the switching technology, digital to analog converters (DAC), and the array of antennas providing the cell site.  Specific channeling and algorithms to handle multiple accesses will handle the load capabilities.  The proposed performance on MMS is upwards of 384 kbps mobile and up to 2 mbps stationary.  
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However, the mobile device must be able to handle these speeds.  The 3G wireless digital phones will be capable as seen below.

The newest Nokia phone model 7650 is considered the most advanced 3G phone.  The phone handles MMS, has a GUI, full PDA capabilities, and even a camera built into the back for taking pictures to store and send.  The phone is only available in Europe since the market has not hit the Unites States.
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3G in a nutshell:

What is 3G?
3G is the new generation of digital wireless communication and its development is based on the initiative of ITU (International Telecommunication Union) called IMT-2000 (International Mobile Telecommunication 2000).  3G is broadband and packet-based. As stated, 3G can be used to transmit text, digitized voice, video, and multimedia at data rates up to 2Mbps in a fixed or stationary wireless environment and 384kbps in a mobile environment.  Since 3G uses packet-switched connection and the Internet Protocol (IP), it means that the terminal is virtually always connected to the network.  The higher bandwidth will allow more new services, such as video conferencing and multi-media streaming.

3G can also provide the VHE (Virtual Home Environment) in which a roaming user can have the same services to which the user is accustomed when at home or in the office, through a combination of transparent terrestrial and satellite connections.  

Channeling Protocol:

3G uses the WCDMA (Wideband Code Division Multiple Access) which has evolved from the incompatible systems like CDMA (Code Division Multiple Access), GSM (Global System for Mobile Communication) and TDMA (Time Division Multiple Access).  In Europe, WDCMA is called the Universal Telecommunication System (UMTS).  The European Telecommunications Standard Institute (ETSI) choose the name UMTS to define the system.  UMTS runs at the 2.1 GHz band in Europe and other parts of the world where this frequency is available. In the Unites States, WCDMA will have to use other parts of the frequency band.  This is causing a delay since the purpose of the WCDMA is to become standard worldwide.  

What is WCDMA?

WCDMA digitizes data and spreads it out over the entire available bandwidth. Multiple calls are overlaid on each other on the channel, with each assigned a unique sequence code. WCDMA is a form of spread spectrum. The data is sent in small pieces over a number of the discrete frequencies available for use at any time in the specified range. Users transmit in the same wide-band chunk of spectrum. Each user's signal is spread over the entire bandwidth by a unique spreading code. At the receiver, that same unique code is used to recover the signal. Because WCDMA systems need to put an accurate time-stamp on each piece of a signal, it references the GPS (Global Positioning System) for data.  In CDMA systems, eight and ten separate calls can be carried in the same channel space as one analog AMPS call operating between 800 MHz and 1800 MHz at 3dB.  WCDMA data was unavailable.
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Why WCDMA?

Earlier, we mentioned standardizing the wireless networks.  In Europe, Australia, parts of Asia and Africa, GSM is the international standard operating at 1900MHz.  In covered areas, cell-phone users can buy one phone that will work anywhere where the standard is supported. To connect to the specific service providers in these different countries, GSM users simply switch subscriber identification module (SIM) cards. SIM cards are small removable disks that slip in and out of GSM cell phones. They store all the connection data and identification numbers you need to access a particular wireless service provider.  In the United States, a few service providers use SIM cards but they are not the standard.  The 1900-MHz GSM phones used in the United States are not compatible with the international system.   

The standardization will also eliminate the current problem where high-power CDMA signals raise the noise floor for TDMA receivers, and high-power TDMA signals can cause overloading and jamming of CDMA receivers.  Not good when two local service providers are competing with one another.  

The problem with WCDMA is the operating frequency.  Since ‘W’ means wideband, a high frequency would be useful.  However, our friendly FCC has not released any new frequencies and we are hoping they open up the 5GHz range, which will help the IEEE 802.11b Wireless LAN technologies.

Antenna Displacement:

There is a principal difference between WCDMA and other cellular/PCS standards that make it impossible to implement the same type, or equivalent, solution for Smart antennas for WCDMA as it is implemented in AMPS (IS-41) or TDMA (IS-54) standards. Namely, in AMPS systems each user occupy a narrow (30 kHz) bandwidth (RF channel) within given cellular bandwidth (12.5 MHz, per link per block) all the time the user is active, making it easy for the Smart antenna to discriminate the particular users' signal against the other users' signals by simply filtering out the frequency of the user. In TDMA systems, several users may occupy the same RF channel, but they transmit their signal in bursts, so different time slots within an RF channel distinguish them. The time slots synchronization and their time alignment is controlled by a base station. Therefore, TDMA Smart antenna systems can single out particular user by filtering out RF channel in use within cellular bandwidth, and synchronizing it’s receive gating circuitry with the mobile transmit bursts. Both Smart antenna systems for these technologies take advantage of the RF signal in frequency (AMPS) or frequency and time (TDMA), to preprocess the signal on RF level before it gets to a base station radio. Those types of applications are called 'add ons' or 'appliqués', because they can be added to the system between base station antennas and radios, without additional intervention from base station hardware manufacturer. 

In WCDMA systems, however, the users are distinguished by their assigned Walsh codes. In other words, all active users occupy all cellular bandwidth all the time, so there is no discrimination in frequency or time. To identify particular user, the WCDMA system demodulates Walsh codes inside its radio, in baseband, after converting the received signal from RF to digital. Therefore, in order to track users in this system, the Smart antenna needs to get information about users from WCDMA radio, or to be able to demodulate RF signal on its own. Either of these is a very complex process, and harder to implement than the tracking of users previously described for other, non-WCDMA standards. It is clear that the true 'Smart' solution that would track the user and null out interference by changing its pattern in real time can not be an 'add on' type application for this technology. 

The two technologies that were used to build Smart antennas for AMPS are Fixed Multiple Beam Antennas (FMBA) and Adaptive Antenna Arrays (AAA). We shall discuss their characteristics and prospects for their development for WCDMA applications in next two paragraphs. 

Increased sector technology divides each sector in a 3-sector cell configuration into two halves, thereby making new, 6-sector cell architecture. Each sector in a 6-sector configuration consists of one 60° Tx antenna, and two 60° diversity antennas. Each sector requires a separate WCDMA radio, therefore doubling the number of radios in cell. Higher gain antennas increase coverage on both links; interference level at a base station is also reduced due to narrower beams on reverse link. A doubled number of WCDMA radios in a base station imply bigger capacity of the cell site. 

This type of FMBA technology requires modest changes in base station architecture. In return it gives extended coverage of up to 3 dB.  

Combined Beam is a type of FMBA technology that utilizes an Rx beam array on each sector. The number of beams in an array is typically 4-8. The beams are added within the sector in such manner that they are transparent to a base station. This is a true 'add on' application that requires no architecture changes to CDMA radio. However, it impacts reverse link only. The multiple Rx beams on reverse link have higher gain and narrower beams than two diversity Rx antennas in a 120° sector in a 3-sector configuration. As a consequence, the coverage on reverse link is increased, whereas the interference level incoming to WCDMA radio at a base station is decreased. The reverse link interference reduction implies that the capacity of the system could be improved; however, without an increased Tx power on forward link that would allocate power for additional users, the realistic capacity upgrade is only symbolic. 

The appeal of this system solution is that it is minimally intrusive to the whole WCDMA system; all it requires is a new set of Rx antennas at a base station. The tradeoff is that the solution is one sided, as it does not impact forward link, and as such is not useful for the radio links that are forward link limited. 

The Adaptive Antenna Arrays (AAA) deploys phased array beam steering/null steering that affects both forward and reverse link. The technology utilizes an algorithm like maximum entropy or maximum likelihood that directs an active antenna array to change its pattern in real time in order to track the user with its maximum gain while trying to minimize the interference by placing the nulls of its radiation pattern at location of the other users. 

To accomplish that in real time, such array has to have information about location of all users in the system relative to the array, their RF power levels, and to be able to recognize individual users by their Walsh codes for WCDMA applications. The relative positioning of the users is determined by detection of the direction of arrival of their signals at the antenna array. The RF power level of the interference is used to identify the strongest interference; this information, along with their position location determines where the nulls of the radiation patterns should be placed. By nulling out the strongest interference, the amount of interference incoming to base station is reduced. At the same time, the peak of the radiation pattern is positioned toward the user, which amplifies its signal prior to its arrival at the radio. 

The gain of AAA is a function of the number of antenna elements in array. The information about the shape of the Rx radiation pattern is used to beamform Tx pattern on the forward link as well. The beamforming on the forward link not only increases amount of power coming to the mobile of targeted user, but also decreases the amount of interference coming to mobiles of other users in the system, therefore reducing the overall interference on the forward link. 

The beamforming for AAA for WCDMA may be on either RF or digital level. The complexity of RF beamforming when a large number of beams are required may make digital beamforming preferable solution. However, in order to do digital beamforming, it is required to get access to some WCDMA radio parameters, such as long and short PN codes, Walsh codes, the timing and system synchronization parameters, etc. Those parameters are not easy to get access to, so some major intrusion of the WCDMA radio may be necessary in order to provide the required information to AAA. 

How do we convert all this wideband data in the towers?

Analog Devices Inc. has developed a direct-IF transceiver which is a 150-Msample/s, over sampling 14-bit transmit DAC. It boasts 75-dB spurious-free dynamic range (SFDR) and 70-dB carrier-to-noise ratio (CNR) over the full 25-MHz cellular bandwidth. It achieves a 74-dB adjacent-channel power ratio on WCDMA signals. According to the company, as the new-generation member of the TxDAC family, the AD9772 is architected to provide greater than 6-dB improvement in SFDR and CNR performance over the previous generation 

How do we optimize cellular activity?

Using a high load WCDMA tower makes use of a concentric cell system in which different frequency re-use patterns are between an upper level and a lower level. In order to use the concept of concentric cells effectively, new handover and assignment algorithms need to be developed. 

An algorithm is used to estimate co-channel interference likely to be experienced by a WDCMA unit at its current position on an inner cell carrier in response to signal level measurements for outer cell channels that are known to possess co-channel inner cell carriers. 

Algorithm: 

1) Check if the radio signal level from the serving cell exceeds the GSM parameter (RXLEV_ACCESS_MIN + X), where: RXLEV_ACCESS_MIN is the minimum allowable received signal level at a mobile unit required for access to the communication system through a base station (as specified in GSM rec. 5.08) and X is an additional signal level margin defined by a system operator and is specified such as to require a mobile unit to have a stronger radio signal level.

2) If the radio signal level of the serving cell exceeds the linear average signal level of all specified neighboring cells by an amount Y (where Y is an operator definable margin similar to X), then a handover/assignment is allowed to take place to a proposed inner cell because the very strong radio signal level measured at the mobile unit indicates that the mobile unit is in close proximity to the base station. As will be understood, the specified neighboring cells will be those cells with inner cell frequencies likely to give co-channel interference to the proposed inner cell. 

Serving cell radio signal level > RXLEV_ACCESS_MIN + X where X is the additional signal level margin defined by a system operator; and 
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where: Y is the operator definable margin; an ith Neighbor is a neighboring cell known to possess a co-channel inner cell carrier; and all levels are measured in dBm. 

Diagram of a concentric cell:
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Picture of a cell tower:
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Concentric cell
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Conclusion:

It is a brave new world for mobile communications.  As with all new technology, physical hurtles must be overcome.  One of the most important parts is standardizing the new technology.  It remains to be seen if the United States will join the rest of the word to have a true Global System for Mobile Communications.  Once this technology takes off not even the sky will be the limit of where it can take us.
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