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Abstract



This paper will present a power control and channel assignment tool for wireless networks intended to be used with UTMOST, a user traffic modeling tool designed as a part of the RACEWIN project. The tool will interact with UTMOST and use the traffic snapshots created to generate power and channel assignments for the mobile users in the network.    





Introduction

The Colorado Advanced Software Institute (CASI) in conjunction with US West has provided us a grant to work on Resource Allocation and Admission Control Evaluator for Wireless Information Networks (RACEWIN).  The initial effort is to provide a User Traffic MOdeling and Simulation Tool, called UTMOST,  for the design of Personal Communications Services (PCS) Wireless Information Networks [RACEWIN].  

One of the goals of UTMOST is to generate wireless network data to be used as input  for power and cell site assignment packages. UTMOST also enables verification of the  power and cell  site assignment results generated by these packages. This paper is about the design and implementation of  POCAT, a POwer control and Channel Assignment Tool, the integration of POCAT and UTMOST to RACEWIN, and the important design issues encountered.

POCAT uses the network traffic data generated by UTMOST and generates power and channel assignment data, which can be verified in UTMOST. POCAT generates the data by using an algorithm for combined cell-site selection and power control. The algorithm used is a modified version of two algorithms, one by Hanly [1] and the other by Yates and Huang [2].   <Briefly describe how they are modified.>



Power Control and Channel Assignment 

	The prohibiting factor for frequency reuse in wireless systems is the interference caused by the environment or by other mobiles. Interference can be reduced by making use of power control and channel assignment techniques. The main idea with power control is to decrease effects of the near-far problem� [3], caused by having users transmitting on the same frequency band from different locations. By using power control all user signals are received with roughly the same power level at the base station.

�Network model used by channel assignment algorithms  

	The network model used in the channel assignment algorithms in [1] and [2] can be summarized as follows :

	 

M (1,2,..M) users,

K (1,2,..K)  cells (base stations). 

Rk is the sum of the received power from all users and noise at base station k,

(k is the noise measured at base station k,

hik is the path gain between the ith user and the kth base station. 



If user i transmits with power pi then the power received at base station k is given by hik multiplied by pi. h is a snapshot of the network since users are in practice mobile.

At any given time, user i is served by one base station k, with an assigned power pi. The vector c represents the allocation of users to base stations, and the goal is to determine the optimal c and power vector p for any given configuration of users.  

 

The Minimum Power Assignment Algorithm

In [2] Yates and Huang  presents an algorithm, Minimum Power Assignment (MPA), that reduces the total interference by minimizing the users transmitting power. The MPA algorithm can be summarized  as follows:   



Determine the noise associated with each base station and calculate R.

Determine the initial power pi for each user i.

Determine the target carrier-to-interference ratio (CIR) ( for each user.

Calculate the path gain (loss) h between each user and each base station.

Calculate the transmitted power at time t for each user using Equation (1-1).

Repeat step 5 until the power vector converges to a solution.



� EMBED Equation.2  ���					(1-1)



Chow: In previous paragraph, you define Rk to be sum of the received power from all users and noise at base station k but here only “the noise associated with each base station and calculate R.” You may want to clarify whether the received power from all users are included or not. Also indicate how you calculate the initial power pi for each user i. Basically for each step here, briefly describe how you calculate. This report to be self-sustained and the reader does not have to read reference [2] to understand how to do the calculation.

The Hanly Algorithm

Hanly’s algorithm [1] uses the same technique as in the MPA. One difference between the two algorithms is that Hanly’s allows the possibility to have limitations on the set of available base stations for each user. That is, c is restricted by the geometry of the network, thus for each user i there is a set Di consisting of precisely those base stations that user i is allowed to connect to. Hanly’s algorithm can be summarized as follows: 



Determine the noise associated with each base station and calculate R.

Determine the initial power pi for each user i.

Determine the set D for each user.

Determine (i ,which is the required bandwidth of user i and W which is the channel bandwidth (in Hz).

Calculate the path gain (loss) h between each user and each base station.

Calculate the transmitted power at time t for each user using Equation (1.4.1).

Repeat step 6 until the power vector converges to a solution.



� EMBED Equation.2  ���				(1-2)

The notation used to describe this algorithm is different from the original notation used by Hanly in [1] for comparison.



	In most cases the users are assigned to the sector antenna which is closet to them. But when the traffic in a sector increases some of the users will be assigned to a nearby sector. The problem is to chose the number of sectors in the set D so that users has a sufficient number of base stations to chose from. Having too many sectors in D will create a lot of unnecessary calculation of powers to the base stations that are so far away that the user won’t be assigned to them anyway.



Example: Assuming a noise free environment with W=1.25 MHz, (=30kHz and a cell radius of 200 meters. 

� EMBED Word.Picture.6  ���

Figure � STYLEREF 1 \n �1�-� SEQ Figure \* ARABIC \r 1 �1�: Algorithm Example



Chow: One important aspect of these two algorithms is the iteration process and one of the most critical things in iteration process is that which term needs to be recalculated. I would like to provide a paragraph that indicates what terms need to be recalculated during the iteration process and expand the example (or choose a different example) that illustrates the iteration process and show how power vector converges.  Discuss when the iteration process should stop.

POCAT

	POCAT is a Power control and Channel Assignment Tool that implements an extension of the technique for channel and power assignment used in [1] and [2]. 

Chow: briefly describe what got extended, model, soft handoff, …

The wireless network model

	The network model used in POCAT is an extended version of the model used by Hanly and Yates. This model is using the CDMA technology as in the IS-95 North American standard. By using the CDMA technology, the frequency bandwidth can be reused in every cell compared to older technologies where the frequencies are reused in seven cell patterns. 

The network model has M (1,2,…,M) users, K (1,2,…,K) hexagonal cells (base stations) and S(1,2,…,S) sectors antennas. Each hexagonal cell consists of 3 sectors where each sector antenna is responsible for a 120 degree coverage area of the cell. At any given time, user i is served by at least one sector antenna, si, with an assigned power pi. The use of soft handoff [Chow: give a reference here] allows the user to be served by more than one antenna at the same time during the handoff. 

� EMBED Word.Picture.6  ���

Figure � STYLEREF 1 \n �2�-� SEQ Figure \* ARABIC \r 1 �1�: Hexagonal cell divided into three sectors

We wish to determine the optimal power vector p for any given configuration of users by assigning the user to the optimal sector antenna.  

Visible Users

Since our model uses base stations with three sector antennas, the number of interfering users is reduced so that only the users that are “visible” (se Figure 2-2) for the sector antenna interfering with other users transmitting to that antenna. In [1] and [2] omni-directional antennas are assumed, and because of this, all users cause interference at all of the base stations. 

Visibility means that a user is located within the coverage area of the sector antenna as shown in Figure 2-2 below. The total coverage area of a sector is 120 degrees plus an overlap area, explained in the next section. Si is a vector with the visible sector antennas for user i.  

Sector Overlapping

	In real application, the coverage area of an antenna are not completely isolated to the 120 degrees. This means that the coverage areas of the sectors are overlapping considerably which is useful for soft handoff. In POCAT the overlap is decided by an overlap factor, which is by default set at 15%. This gives us a sector coverage  area of 156 degrees.

� EMBED Word.Picture.6  ���



Figure � STYLEREF 1 \n �2�-� SEQ Figure \* ARABIC �2�: Visible Users

Soft handoff

	 In CDMA soft handoff is used to reduce the number of dropped calls and to eliminate the short transmission break during the handoff. Soft handoff allows the user to be served by two or more sector antennas in the same or different cells at the same time during the handoff transition. The stronger signal received by one of the sector antenna will be chosen by the switching office, or a combined signal can enhanced the quality of the connection. The soft handoff can be triggered when the signal of the user has dropped below a certain threshold. A user may be in soft handoff during the entire call if the user remains within the overlapping areas between sectors. 

� EMBED Word.Picture.6  ���

Figure � STYLEREF 1 \n �2�-� SEQ Figure \* ARABIC �3�: Soft Handoff



A user may be in a soft handoff with up to six sector antennas as shown in � REF _Ref400687021 \* MERGEFORMAT �Figure 2-3: Soft Handoff� In this example the user is at the same distance from all three base stations. The user will eventually be served by one of these antennas depending on the traveling direction 

In POCAT a user is in handoff with another sector if the difference between the two path gain values are within a specific handoff threshold. If a user is visible from two sectors in the same cell, the user is always said to be in handoff (softer handoff). The following equation is used to determine if the user is in handoff or not:



�EMBED Unknown���					(2-1)

where A is the sector which the users is first assigned to and B is one of the sectors that the user might be in handoff with. If d is less than zero, the user is closer to B than to A. In this case the user will still be assigned to A and also be in handoff with B.



Sector Naming Schemes

�EMBED Unknown���

Figure � STYLEREF 1 \n �2�-� SEQ Figure \* ARABIC �4�: Sector Naming Schemes

Each sector has an external name and an internal name. The external name consists of a cell number and a sector letter, e.g. 1A or 2C. The internal name is an integer number used in arrays. Below, in � REF _Ref400688643 \* MERGEFORMAT �Figure 2-4: Sector Naming Schemes�, is the 7 Cell and 4 Cell network models used by UTMOST displaying the sector names.

These are just examples of the network models that are available in UTMOST as of today, POCAT can handle all different kinds of hexagonal cell configurations with each cell having three sectors as long as this naming scheme is used. 

Modeling Signal Fading

POCAT can use several different models for signal fading in the network. Some of the implemented models are simplified models for estimation of signal fading. The Hata model [7] is based on the graphical path loss information provided from the measurements by Okumura.     

Single step fading law:

The single step fading law is used often for modeling signal fading. The Signal fading is calculated using �EMBED Unknown���,where r is the distance from transmitter to receiver in meters and n is a constant between 2-4.

Multiple step fading law 

Signal fading is calculated using �EMBED Unknown���, where n=2 for “short” distances and n=3 or n=4 for longer distances.

Friis equations for free space propagation

Friis free space equation [5] is  given by



�EMBED Unknown���									(2-2)



�EMBED Unknown���where Pr is the received power, Gt is the transmitter gain, Gr is the receiver gain, ( is the wavelength of the transmitted signal, and L are system losses not related to propagation. 

The Hata Model

The Hata model [7] is an empirical formula for path loss in an urban environment. The standard formula for urban area pass loss is given by



�EMBED Unknown���(2-3)



�EMBED Unknown���where the loss in dB, f is the frequency between 150 to 1500 MHz, hte is the effective transmitter (base station) antenna height ranging from 30 to 200 meters, hre is the effective receiver (mobile) antenna height ranging from 1 to 10 meters, d is the distance between the mobile and the base station in kilometers, and a(hre) is a correction factor for the mobile antenna height and is computed as follows:

 

	For a small to medium size city:



�EMBED Unknown���			(2-4)



For a large city:



� EMBED Equation.2  ���

	� EMBED Equation.2  ���			(2-5)



For  a suburban and open areas the formula is modified as

	

	Suburban:

	�EMBED Unknown���				(2-6)



Open areas: 

	�EMBED Unknown���		(2-7)



Chow: you have left an impression that you have implemented (2-3) to (2-7) in POCAT.

The Algorithm

	The algorithm used by POCAT can be summarized as follows:



Determine the set of visible sectors for each user, Si.

Determine the noise associated with each base station (k.

Determine the target carrier to interference ratio (CIR) (. In POCAT this value is the same for all users.

Calculate the path gain h between each user and each base station. The path gain is the same to all sectors in a cell, since they are all at the same distance from the user.

Calculate the transmitted power and sector assignment at time t for each user using equation (2-8) and (2-9).

Repeat step 5 until the power vector converges to a solution





� EMBED Equation.2  ���, for all � EMBED Equation.2  ���	and � EMBED Equation.2  ���				(2-8)

� EMBED Equation.2  ���							(2-9)

Equation (2-8) is basically the same as equation (1-1) and (1-2), except that equation (2-9) is used to calculate the total received power for sector s in cell k, not including the power received from user i. Equation (2-8) is calculated for all sectors that are visible for user i and that belongs to a cell k which belongs to the set Di.



POCAT can use a couple of different methods to select the set D. The first one is to select the x closest base stations, where x could be any number between 2 and the total number of base stations in the network K. The second method is to have a maximum distance constraint between the user and a possible base station. 

Chow: can the user specified both simultaneously?

Mobile Transmitters Maximum Output Power

	In the IS-95 standard [8], the mobile transmitters are classified into three different classes. The maximum output power for the mobile transmitter has to be within specified limits depending on what group the mobile belongs to. See Table 1.



Mobile Station Class�Maximum Output Shall Exceed�Maximum Output Shall not Exceed��I�1 dBW (1.25 Watts)�8 dBW (6.3 Watts)��II�-3 dBW (0.5 Watts)�4 dBW (2.5 Watts)��III�-7 dBW (0.2 Watts)�0 dBW (1.0 Watts)��Table 2-1. Maximum Output Power







� Need to briefly describe what is a near-far problem
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