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1. INTRODUCTION

In this contribution we are trying to quantify the adjacent cell interference caused by CPCH transmissions. The results in this contribution could also be used in conjunction to the results obtained in a joint paper by GBT, AT&T Labs and SBC Technology Resources [1], that has addressed the issue of the capacity gain associated with the use of packet mode over circuit mode of operation in UMTS.  In [1], it was assumed that the circuit mode and packet mode system capacity loss in a multiple-cell environment are equal or comparable. In this contribution we address this issue and quantify the system capacity in absence of soft handover. We focus on the capacity loss for RACH and CPCH. 

2. SIMULATIONS

2.1 Problem Statement
CPCH operates under Closed Loop Power Control without Soft Handover capabilities. Due to mostly independent fading characteristics from the CPCH transmitter to its own cell versus that of its neighboring cells, the power received at a neighboring cell could greatly exceed the power received in its own cell. It is very possible that the fading a CPCH user experiences while communicating to its own cell is destructive, while the fading to a neighboring base station is constructive. Due to Closed Loop Power Control, the CPCH transmitter will raise its transmitting power to accommodate the fade to its own base station. If the fading to a neighboring cell is constructive, a dual multiplicative effect exists on the power received at the neighboring cell.  This has raised the concern of possible excessive interference impinging into the neighboring cells. 

2.2 Assumptions and System Setup
We have carried out a number of simulations to evaluate the problem of operating under closed loop power control while being power controlled by a single base station. The closed loop power control mechanism currently allows for a power control range in excess of 60 dB. It is understood however that this range is mostly needed when the UE is located closed to the base station, in which case its transmitted power will need to be drastically reduced. We will make two claims that are approximately correct. First, on the cell edge, it is often the case that the UE will not have enough power headroom to accommodate deep fading conditions. In such a case, the UE will transmit at its maximum power level. In the current problem we are trying to analyze, users close to the cell edge create most of the out-of-cell interference.  Second, due to the bursty transmissions of CPCH users, we can assume that all the propagation attenuation will be due to fast fading and not due variations in the propagation distance. In this case, we can assume that the UE will start its transmission at some power level and then will adjust its transmitting power level to only accommodate fast fading. Using these two claims above, throughout our simulations, we have limited the transmitted power over a single CPCH transmission to be below a certain number of dB from the nominally transmitted average power over the message. This was applied to CPCH users throughout the whole cell. This level is left as a parameter in our simulations, which will then affect the out-of-cell interference level. For comparison with RACH, when the 0 dB limit was used, the transmitted power was fixed at the nominal, that is optimum open loop power control, level. 

Another parameter we have incorporated into our simulations is the allowed transmitted data rate by CPCH users based on their location in the cell. Due to the fact that most of the interference is caused by UEs transmitting near the cell edge; we have incorporated a parameter that controls the average data rate of UEs located in a certain cell-edge region. For example, if on the average, UEs located in the outer 25% area of the cell transmit at half rate, then the interference they create to the neighboring cells will be half that of being operating at the default rates. Therefore, we have analyzed the out-of-cell interference caused by CPCH and introduced two methods by which this interference could be controlled.

The simulation considered the CPCH interference caused by a two-tier system. This configuration is shown in Figure 1. The total out-of-cell interference here is considered to be the normalized average interference contributed to the base station in the center cell by all users located in all other cells. The normalization is done with respect to the total energy received by a base station from users located in its own cell. The approach used in the simulations was to estimate the average power transmitted by a user when communicating to its own cell and then translate that to the neighboring cells by incorporating the relative distance ratios.  

It is well known that the propagation power law in terrestrial communications depends on the distance between the transmitter and the receiver as well as the antenna heights of the transmitter and receiver. There is a need to apply the appropriate power law to both the users in the center cell as well as to the users operating in the neighboring cells. We did not feel that it was appropriate to apply the same power law to both. In [2], it is shown experimentally and substantiated by a two ray model that for mild wave scattering the propagation law near the base station is closed to that of a square law and then becomes a fourth law beyond some breakpoint that depends on distance and antenna heights. For heavy wave scattering, the breakpoint depends on the type of scattering and the power law beyond the breakpoint is greater than four. A power law of five or six was easily achieved in urban environments. We decided to use a square law for users operating within the breakpoint distance and fourth law for the remaining users. In our simulations, the breakpoint was selected based only on the minimization of the out-of-cell interference. We believe that this choice is a good compromise between the unfavorable square law and favorable fifth or sixth law. A choice of square law everywhere would suggest a very poorly deployed system.


[image: image1.wmf]Figure 1. Two Tier Cell System Used for CPCH Estimating

Spillover Interference

r

Cell-Edge

Region

Inner Cell

Region


The propagation fading models used in the simulations were drawn from models currently being used in 3GPP. We have used the channel models 1 through 5 as described in TR 25.943, shown below for easy reference, and the Hill Terrain (HTx) and Typical Urban (Tux) channel models described in TS 25.101.

Table 1: Propagation Conditions for Multi path Fading Environments

	Case 1, 

speed 3km/h
	Case 2, 

speed 3 km/h
	Case 3, 

speed 120 km/h
	Case 4, 

speed 3 km/h
	 Case 5, 

speed 50 km/h

	Relative Delay [ns]
	Average Power [dB]
	Relative Delay [ns]
	Average Power [dB]
	Relative Delay [ns]
	Average Power [dB]
	Relative Delay [ns]
	Average Power [dB]
	Relative Delay [ns]
	Average Power [dB]

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	976
	-10
	976
	0
	260
	-3
	976
	0
	976
	-10

	
	
	20000
	0
	521
	-6
	
	
	
	

	
	
	
	
	781
	-9
	
	
	
	


2.3 Simulation Results
2.3.1 Summary of Simulation Results

We have assumed all of the users are either using RACH or CPCH. Here are the highlights of the results:

1. The capacity loss for RACH and CPCH due to adjacent cell interference are comparable in various environments when the CPCH users on the cell edge are operating in half and quarter rates. 

2. The capacity loss in hilly terrain and typical urban for RACH and CPCH is not sensitive to Doppler and is much lower than the indoor environment. 

3. The following table is a summary of the results:

	Environment
	CPCH Data Rate
	CPCH Capacity Loss
	RACH Capacity Loss

	Case 1
	Full, 1/2, 1/4
	62%,  50%,  40%
	33%

	Case 2
	Full, 1/2, 1/4
	45%,  35%,  25%
	33%

	Case 3
	Full, 1/2, 1/4
	43%,  31%,  23%
	33%

	Case 4
	Full, 1/2, 1/4
	52%,  40%,  31%
	33%

	Case 5
	Full, 1/2, 1/4
	52%,  40%,  31%
	33%

	TU
	Full, 1/2, 1/4
	40%,  30%,  20%
	33%

	HT
	Full, 1/2, 1/4
	41%,  29%,  22%
	33%


            Table 1. Summary of System Capacity loss for CPCH and RACH

2.3.2 Discussion of Results

The results are displayed in the following form. For each case, the capacity loss (penalty) due to out-of-cell interference is shown. The capacity loss is normalized with respect to the capacity of a single cell operating in isolation. Therefore, if the single cell capacity is unity and the out-of-cell interference is 
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, then the capacity loss is given by:
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. The loss depicted here is derived as if the system utilizes only the CPCH mode for communication. Translation of these results to a system operating under different modes at the same time, besides that of CPCH, could be easily done once the capacity loss and the bandwidth allocations of the other modes is known.

The capacity loss is shown against the maximum allowable transmitted power level above that of nominal. An additional parameter used in the figures is the Doppler rate. Though in 3GPP, the HTx and TUx channel models are described with a single Doppler frequency, in this case, we have obtained results for different Doppler frequencies.

For each of the channel models used, we have obtained results were the average data rate of users in the cell-edge reduced by a factor of 2 or 4. That is, the average interference power generated by users in the cell edge will be 3 or 6 dB below from the case where the UEs utilize uniform data rates everywhere in the cell. In all simulations, wherever applicable, the inner cell area was 64% that of the cell-edge area.

Figures 1 through 3 show the capacity loss for the five 3GPP channel model cases described above. In figure 1, all users transmit uniformly over the whole cell at the same average data rate. In figures 2 and 3, the average data rate of the users operating at the cell-edge was reduced by 3 and 6 dB respectively. It can be seen that under uniform data rates across the cell, the capacity loss is between 40% to 60%. Normally, the worst case is obtained for least scattering and low speeds. The worst case here was found for the 3 km/h and (0, -10) dB multipath component powers. It is interesting to note that case 4 and case five produced the same results. Case 4 has lower speed but less scattering than case 5, which seems to account for their similar behavior. When the average data rate of the users in the cell-edge was reduced by 3 dB, the capacity loss varied from 0.3 to 0.5. This is approximately a 40% reduction in spillover interference. When the average data rate was further reduced by an additional 3 dB, for a total of 6 dB, the capacity loss varied from approximately 0.25 to 0.4. This accounts for an approximately 60% reduction in spillover interference as compared to that of uniform rates across the cell. The capacity loss is also a function of the maximum transmitted power level above nominal. The variation is justifiably more pronounced for the slow speed cases. The variation to this maximum power level is obtained for levels between 0 and about 10 dB above nominal. This means that for substantial capacity loss reduction to be achieved using this method, the transmitter power needs to be kept approximately below 3 dB above nominal. 

The 0 dB point on all the figures depicts the capacity loss of RACH. In figure 1, it is shown that CPCH, depending on the channel model, suffers an average of 30% to 100% more loss than that of RACH. The RACH is shown to have an about 32% capacity loss. When looking at figures 2 and 3, the 0 dB points also assume a data rate reduction on the cell edge. If that does not exist for RACH, then the 0.32 level of figure 1 should be compared to the capacity loss of CPCH in figures 2 and 3. This shows that when the CPCH data rates on the cell edge are moderately reduced, the interference loss of CPCH could be made the same if not smaller than that of RACH.   

Figures 4 to 6 and 7 to 9 present the same type of results for the HTx (Hilly Terrain) and TUx (Typical Urban) channel models. The interesting fact here is that due to the large dispersion in these channel models, the Doppler frequency has minimal affect on the capacity loss above a maximum power transmitted level of about 3 dB above nominal. The capacity loss for both HTx and TUx channel models was found to be approximately 0.4 for uniform data rates, 0.3 for half rates and 0.2 for quarter rates. 
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[image: image5.wmf]Fig. 2 CPCH Spillover Performance Under Various Fading Environments
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[image: image6.wmf]Fig. 3 CPCH Spillover Performance Under Various Fading Environments
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[image: image7.wmf]Fig. 4 CPCH Spillover Performance Using the 3GPP Hilly Terrain Channel Model
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[image: image8.wmf]Fig. 5 CPCH Spillover Performance Using the 3GPP Hilly Terrain Channel Model
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[image: image9.wmf]Fig. 6 CPCH Spillover Performance Using the 3GPP Hilly Terrain Channel Model
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[image: image10.wmf]Fig. 7 CPCH Spillover Performance Using the 3GPP Typical Urban Channel Model
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[image: image11.wmf]Fig. 8 CPCH Spillover Performance Using the 3GPP Hilly Terrain Channel Model
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[image: image12.wmf]Fig. 9 CPCH Spillover Performance Using the 3GPP Typical Urban Channel Model
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3.  Conclusion 

As a conclusion, we have showed that the interference spillover when operating using CPCH, is relatively acceptable (given the interference level of RACH) and can be easily reduced further by forcing the users on the cell-edge to operate at less average data rates on the cell-edge relative to that of the inner cell region.  The relative comparison to that of RACH is favorable when the CPCH data rates at the cell-edge are reduced.
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Fig. 9 CPCH Spillover Performance Using the 3GPP Typical Urban Channel Model
(Quarter Cell-Edge Rate, 64% Inner Cell Area)
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Fig. 5 CPCH Spillover Performance Using the 3GPP Hilly Terrain Channel Model
(Half Cell-Edge Rate, 64% Inner Cell Area)
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