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Abstract

A major challenge in the design of high-speed networks is an effective and flexible access network. Demand for higher speeds and availability of improved technologies has resulted in wide spread deployment of broadband access technologies. However due to the increased costs and cumbersome processes associated with wired infrastructures such as DSL, T1, and cable modems, wireless access infrastructures have promised an exciting and highly welcomed alternative. The recently introduced broadband wireless access standards such as IEEE 802.16x, IEEE 802.20, and 4G mobile networks are expected to provide the much needed alternatives to wired access. This paper aims at exploring such upcoming broadband wireless access networks with a focus on performance modeling and analysis. In particular due to the higher efficiency with which alternative access technologies such as CDMA use the frequency spectrum as compared with TDMA techniques; our review suggests that CDMA may be the more appropriate technology as compared to DAMA-TDMA schemes currently in use.
1. Introduction

The IEEE 802.16 provides an alternative to using copper and fiber-based solutions for providing broadband wireless access to users. The first standard of IEEE 802.16 was published in April 2002, and defines the WirelessMANTM air interface specification for wireless metropolitan area networks (MANs).

The IEEE 802.16 standard uses a Time Division Multiplexing (TDM) based access technique for both the downlink i.e. Base Station (BS) to Subscriber Station (SS) and for the uplink (SS to BS) channel access process. For uplink channel access (SS to BS), the standard uses the Demand Assigned Multiple Access – Time Division Multiple Access (DAMA-TDMA) technique and for downlink channel access (BS to SS), it uses TDM. The BS collects uplink requests from different SSs and grants permission based on the Quality of Service (QoS) requirements of the users. For some SSs, the BS pre-allocates transmission opportunities or leaves it for contention-based access. In other cases some of the slots of the uplink channel are pre-allocated for some SSs while the remaining slots are left for contention-based transmission [1].

The uplink channel access process sometimes results in collisions, when multiple SSs try to access the slots for uplink transmission. Since collisions cause delays, one solution that could address problems of such a nature is by using an efficient channel access technique such as Code Division Multiple Access (CDMA). Proponents of the CDMA technology have claimed that CDMA is up to 13 times more bandwidth efficient in comparison to TDMA. This has at present prompted research on adapting CDMA based techniques as an alternative access technique for the IEEE 802.16. 

In this short paper we present different CDMA based channel access techniques that could be used in the near future as an alternative to a DAMA - TDMA based channel access techniques (currently standardized by the IEEE 802.16 for channel access). The objective of using such an alternative technique would be to ensure better performance in terms of quality of service parameters under the same bandwidth policy set by IEEE 802.16. 

The rest of this paper is organized as follows. In Section 2 we review different CDMA-based channel access techniques that could be used in place of DAMA - TDMA based channel access techniques. Section 3 summarizes our recommendations and discusses future research areas. A more detailed report can be made available from the authors if desired.
2. CDMA Based Access Techniques for future Broadband Wireless Communications

CDMA is a digital cellular technology that uses spread-spectrum techniques. Unlike competing systems, such as GSM, that uses TDMA, CDMA does not assign a specific frequency to each user. Instead, every channel uses the full available spectrum. A CDMA based channel access technique was not selected for the IEEE 802.16a standard due to the wider spectrum required for CDMA to operate which was unavailable with the IEEE 802.16a standard [2]. However with the IEEE 802.16 standard, which addresses frequencies from 10 – 66 GHz, due to the larger bandwidth available CDMA based channel access techniques may be usefully considered in the future. Among the possible solutions to study are CDMA based channel access technique such as orthogonal frequency division multiplexing – code division multiple access technique (OFDM-CDMA) [3], or multi-carrier direct sequence code division multiple access technique MC DS-CDMA [4] for future enhancements to the IEEE 802.16 standard. The results of performance analysis of the above techniques may enable a clearer assessment of the alternatives available. Below is a very brief overview of these multiple access technologies.

2.1. OFDM-CDMA

Most of the recent research focuses on the downlink transmission whereas the uplink is considered to be more difficult due to synchronization, channel estimation and data detection requirements. This implies that more investigation is needed to be done on the uplink so as to make the system more efficient.

As stated in [3], OFDM-CDMA is considered as one of best candidates for future broadband wireless multimedia communication systems on the uplink due to its novel uplink channel estimation algorithm.

In high speed networks, OFDM is considered to be an efficient modulation technique due to its efficient usage of the available frequency bandwidth and robustness to frequency selective fading environment. 
On the other hand CDMA has already attracted the most attention primarily due to its higher capacity over conventional multiple access techniques. Therefore systems based on OFDM-CDMA may prove to be a more promising alternative. 

In [3] a new channel estimation algorithm is proposed for OFDM-CDMA systems on the uplink in which pilot signals from different individual users are placed in the same position which is somewhat similar to time division duplexing – code division multiple access (TDD-CDMA). This technique showed good performance on the uplink by eliminating the noise effects.
2.2. MC DS-CDMA

With the rapidly growing interest in broadband wireless communication systems the demand for advanced wireless multimedia services, including conventional voice support and high-speed data transmission have correspondingly increased. In addition future broadband systems are expected to support ubiquitous communications over a variety of channels encountered in indoor, open rural, suburban, and urban environments while maintaining the required QoS levels. In order to support diverse services and bit rates, the highest possible spectrum efficiency is essential. For this an efficient multiple access technique has to be devised. CDMA based wireless systems such as those used in 2G and 3G wireless systems have proven to be more bandwidth efficient rather than other multiple access techniques.

In [4], the authors have suggested MC DS-CDMA for future broadband wireless systems as opposed to single carrier direct sequence code division multiple access (SC DS-CDMA) or multicarrier code division multiple access (MC-CDMA) techniques. The authors have also shown that MC DS-CDMA is capable of supporting wireless communications in diverse propagation environments without compromising on the achievable bit error rate (BER). 

3. Summary and Conclusion

With the ever-increasing user demands, broadband wireless access systems based on IEEE 802.16, IEEE 802.20 or 4G standards seem to have the potential to deliver quality services and rapid deployment as compared with conventional networks. In order to support diverse services and broadband bit rates with optimal performance, the highest possible spectrum efficiency is required, which in turn requires the most  efficient multiple access technique to be used. In this paper we have discussed the IEEE 802.16 broadband wireless access standard in brief and proposed different CDMA based multiple access techniques instead of the DAMA-TDMA scheme currently in use, to achieve improved quality of service. We suggest that further investigation should be carried out through analysis and simulation in order to draw firm conclusions. We also suggest that future studies may be conducted to include the higher layers in the protocol stack (e.g. MAC layer), which may enable a clearer assessment of the performance of the entire system based on CDMA.
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