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A Random Access Mechanism for Adaptive Antenna System

1.  Introduction

For those non-adaptive-antenna-system (AAS) CPEs in the current IEEE 802.22 specification [1], both contention-based and polling mechanisms can be used for US (upstream) bandwidth request; however, only polling mechanism is available for AAS CPEs. When AAS CPEs are out of the service range of the BS without any beam, they cannot request US bandwidth until being polled. This may result in large access delay, because the BS should poll each AAS CPE one by one before it gets to know which AAS CPEs request upstream bandwidth. In this proposal, we propose a random access mechanism for AAS. In particular, with parallel beam processing capability at the BS, this random access mechanism is similar to that of non-AAS CPEs. Since this mechanism is contention-based, the efficiency of bandwidth request of AAS CPEs can be increased when the traffic loading is not heavy; and hence, the access delay can be reduced.
As a remark notices that we do not propose to replace the current polling scheme for AAS CPEs in the specification. Our proposal can work together with the polling mechanism. The BS should be able to manage both of the two mechanisms as what it does for non-AAS CPEs.
2.  Existing Mechanism

Through the use of more than one antenna elements, AAS can improve range and system capacity by adapting the antenna pattern and concentrating its radiation to each individual CPE as shown in Figure 1. The spectral efficiency can be increased linearly with the number of antenna elements. This is achieved by steering beams to multiple users simultaneously so as to realize an inter-cell frequency reuse of one and an in-cell reuse factor proportional to the number of antenna elements. An additional benefit is the signal-to-noise ratio (SNR) gain realized by coherently combining multiple signals, and the ability to direct this gain to particular users. Another possible benefit is the reduction in interference achieved by steering nulls in the direction of co-channel interference. For the upstream direction, the same principle can be applied in a reciprocal fashion. 
To start with, the BS and the CPEs should interchange their information at the beginning. The interchange of their information should be divided into two steps, namely AAS Downstream Synchronization and AAS Upstream Bandwidth Request.
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2. 1. AAS Downstream Synchronization

When the CPE first attempts to synchronize to downstream transmission, the BS is unaware of its presence, and therefore it is not aiming the adaptive array at its direction. Nevertheless, the superframe and the frame start preamble is a repetitive well-known pattern, and CPEs may utilize the inherent processing gain associated with it in order to synchronize timing and frequency parameters with the BS. In a non-AAS system, after synchronizing to the downstream, a CPE attempts to obtain the downstream parameters by decoding the SCH, DS-MAP and DCD messages. In an AAS system, a CPE may be able to obtain the downstream parameters if it receives the broadcast channel with enough energy so as to decode the SCH, DS-MAP and DCD messages. If this is the case, the CPE can continue with the network entry process just like the non-AAS case, and the BS will get the chance to tune the adaptive array to it during the ranging process.
Alternatively, an AAS CPE shall use the following procedure to alert the BS to its presence, so that the BS can adapt its antenna array to the CPE position. An AAS BS shall periodically reserve a fixed and pre-defined part of the superframe as initial-ranging contention slots for this alert procedure. The size of contention slots is decided by the BS and their location is immediately after the SCH as depicted in Figure 2. These contention slots shall be called Alert-Window (AW).


[image: image2]
When an AAS CPE has synchronized to the downstream through the superframe preamble but yet to obtain the downstream parameters because it cannot decode the SCH, DS-MAP and DCD messages, it shall attempt initial ranging on the AW. Unlike usual initial ranging, the CPE shall use all available contention slots in order to allow the BS adaptive array enough time and processing gain to shape the beam for it. After such an attempt, the CPE shall wait for a transmission containing DS-MAP and DCD messages from the BS, and shall continue the network entry process like a non-AAS CPE. If the DS-MAP and DCD messages fail to arrive, the CPE shall use an exponential backoff algorithm for selecting the next superframe in which to attempt alerting the BS to its presence. This algorithm shall be the same as that used for initial ranging by non-AAS stations.

2. 2. AAS Upstream Bandwidth Request

For bandwidth request/allocation, AAS enabled CPEs may use dedicated private DS-MAP/US-MAP messages as well as tools specific for AAS (see specific PHY sections), which can be used to facilitate avoidance of collisions with non-AAS traffic.

AAS CPEs might not be able to request bandwidth using the usual contention mechanism. This happens because the adaptive array may not have a beam directed at the CPE when it is requesting bandwidth, and the Bandwidth Request will be lost. In order to avoid this situation, an AAS CPE is directed by the BS as to whether or not it may use broadcast allocations for requesting bandwidth. The BS may change its direction dynamically using the AAS broadcast permission field, which is carried by the RNG-RSP message. The CPE shall signify by using the AAS broadcast capability field in the RNG-REQ message whether or not it can receive the broadcast messages. When a CPE is directed not to use the broadcast CID to request bandwidth, it is the responsibility of the BS to provide a polling mechanism to learn about the CPE bandwidth requirements.

3. Mechanism Design

3.1. Random Access Mechanism

To facilitate our proposed random access mechanism, the BS should be able to process multiple beams parallely. Before the mechanism can work, the BS should design a number of fixed beams, say M. Each of which has its mainlobe directed to one particular direction as illustrated in Figure 3. The beams should be well designed such that when an AAS CPE transmits a bandwidth request, there should be at least one beam good enough to receive this request if no collision happens. 
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Figure 3. Multiple beamformers at the BS.
The BS should allocate a contention window in the frame. The location of this window should be announced to all the AAS CPEs. This contention window can be in the AAS zone of a frame (Figure 10, [1]). In this way, this contention window is particular for AAS CPEs. This contention window can also be the normal contention window for non-AAS CPEs. In this way, it is shared by AAS CPEs and non-AAS CPEs.

AAS CPEs can transmit bandwidth request subheader (Table 10, [1]) in the contention window mentioned above. Since this window is open to all AAS CPEs, there may be collisions. After transmitting a bandwidth request, the AAS CPEs should start a timer. If the CPE cannot get the UL bandwidth grants or if the granted UL bandwidth is less than expected, the CPE may decide to perform backoff and request again or to discard the SDU after the timer expired. Figure 4 illustrates this procedure.


[image: image4]
The BS should be able to detect the bandwidth requests in the contention window. Since multiple beams are equipped at the BS, the weights of these beams should be applied onto the received signal respectively to detect the bandwidth. Hence, parallel beam processing capability is required at the BS.  Figure 5 gives an example of the bandwidth contention. In the first frame, the AAS CPE1 and AAS CPE2 transmit UL bandwidth request simultaneously. As a consequence, the two requests collide. Then, according to the backoff algorithm of each other, the AAS CPE1 and AAS CPE2 determine to retransmit their bandwidth requests in the second frame and the third frame, respectively. At this time, there is no collision. Hence, both two CPEs get their bandwidth grants.
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Figure 5. An example of bandwidth contention.
3.2. Receiving Structure at the BS

To facilitate our random access mechanism, let us first introduce the receiving structure at the BS. Figure 6 illustates the proposed receiving structure. There are N baseband processors at the BS, each of which is controlled by one SA module. The SA module assigns the weight of a particular beam to the baseband processor. In this way, each pair of SA module and baseband processor is able to detect the bandwidth request by steering one beam to one particular direction. 

Due to the limitation of hardware complexity or cost, the number of processing units (which means the pair of SA module and baseband processor) N may be smaller than the number of beams the BS has, say M. In this situation, the BS is not able to process all the beams. Instead, the BS will select N beams from the total M beams for processing. How to select the favorite beams is controlled by the SA controller. 
3.3. Selection Algorithm

When the number of beams M is larger than the number of processing units N, a selection algorithm is used to choose N appropriate beams from the total M beams. For illustration convenience, we give an example on the algorithm design:

1. Initially, each beam is given a coefficient, namely C1 C2… CM. These coefficients are equal at the very beginning.

2. The BS randomly picks up N beams from these M beams for processing.

3. After running for a while, the BS updates the coefficients. Let D1 D2… DM be the number of bandwidth requests the BS detected during this while. For the beams being processed, the BS update their coefficients in this way: Ci = a * log(Ci) + b * Di, where a and b are certain constants. For the beams not being processed, their coefficients remain the same.

4. The BS picks up the N beams with the largest coefficients and jumps to step 3.

[image: image6]
Figure 6. Receiving structure of the BS.
4. Simulations

4.1. Settings
In the simulation, the distance between the CPE and BS is generated by a uniform distribution between 33km and 50km. The angle between CPE and BS is generated by a uniform distribution between 0 and 360 degrees.  We compare our proposed scheme with the polling scheme. We assume that for polling, there is no collision and interference from other CPEs. For our proposed scheme, we assume there are 4 antennas. Both collision and interference are considered. For simplicity, we assume there are 4 predetermined beams and the BS can process these 4 beams simultaneously. 
4.2. Simulation Results
The simulation results are shown in Figures 8 - 11. The x-axis is the probability an AAS CPE generating a bandwidth request and the y-axis is the average delay, which is defined as the average duration between generating the bandwidth requests and finally detected by the BS. As it can be observed from these figures, with the backoff window being equal to 16 and 32, our proposed scheme achieves better average access delay even for large traffic loading.
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Figure 8. Simulation Result (WL = 8, # of CPEs = 40).
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Figure 9. Simulation result (WL = 16, # of CPEs = 40).
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Figure 10. Simulation Result (WL = 16, # of CPEs = 90).
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Figure 11. Simulation Result (WL = 32, # of CPEs = 90).
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Abstract


We propose a random access mechanism for adaptive antenna system. We show that under reasonable traffic loading, our approach has smaller access delay than the existing polling mechanism.


























Figure 4. The contention procedure of the AAS CPE and the respective message flow.





Figure 2. Alerting the BS about the presence of an AAS CPE.





Figure 1. Extended the coverage based on the AAS system.
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