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Power Requirement for Common vs. Dedicated Channel

Abstract

In the last Adhoc-14 meeting a contribution titled “Efficiency Analysis of PSCCCH” (TSGR1#3(99)220) [1] was presented, wherein it was claimed that the power requirements of an equivalent Common Control Channel compared to the average power of the Dedicated Channel is around 15dB or more.  Since imprecise assumptions were made in the above document, a new simulation-based approach is taken which is reliable and accurate.  This contribution presents a systematic approach for computing the power requirements of the Dedicated as well as the Common Channels.  This method does not require any simplifying assumptions and therefore is closer to actual system behavior.  

Based on the analysis presented in this paper it is shown that the power requirement of the Common Channel vs. Dedicated Channel is of the order of 7:1 for a 95% system coverage in a multi-cell system.

1.0
Analysis for a Single Cell [2]

The determination of the signal coverage in a single circular cell is shown in [2].  The edge coverage is given by the following expression [2]:
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where x is the receiver threshold (also defined in this document as the log-normal fade margin), c is the mean (in dB) of the received signal and  is the standard deviation (dB).

On the other hand the area coverage reliability is given by the following expression [2]:
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where A is the area within a circle of radius R.  This expression can be written as [2]
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, n is the path loss exponent and  is a constant.

Note that, these expressions are for a circle and are typically used for systems that employ hard-handoff as well as a sanity check.  However, for hexagonal cells the expressions do not apply.  The motivation for doing the analysis for a hexagon is to extend the analysis to a multi-cell scenario.  Since the mathematical analysis for multiple cells with correlated log-normal is not tractable, a simulation based approach is taken in this contribution.

2.0 Simulation Based Approach

A system simulator that uses a 19 Omni Cell pattern was used.  The simulation uses a Monte-Carlo based method that drops the UE’s in the center cell for the area coverage calculation and in the center cell hexagon edge for edge reliability computation.  For the single cell coverage computations the center cell is the only one used.  For the multi-cell scenario the UE is connected to the strongest cell among the center cell and its six neighbors.  In computing the received signal power at the UE, distance dependent pathloss and the lognormal due to shadowing are used.  In the multi-cell case the log-normal part of the received signal assumes a fixed correlation between cells.  The simulation parameters are listed in Table 1. 

Table 1 Simulation Parameters

Parameter
Value

Number of Omni Cells 
19

Pathloss exponent 
4

Log-normal Std
0, 6.5 and 8 dB

Site-to-Site Correlation
0.5

Simulation Condition
Static

Cell Type
Hexagon

Margin (dB)
Variable

Figures 1-3, shows the required margin for a single hexagonal cell for a log-normal standard deviation of 8, 6.5 and 0dB, respectively.  Figure 1, shows that in order to meet 95% coverage reliability a margin of 5dB is needed for the Dedicated channel, whereas a margin of 11.8dB is required for the common channel for the same coverage reliability.  Therefore the Dedicated Channel requires 6.8 dB (11.8-5 = 6.8) less power than the Common Channel.  Similarly, for log-normal standard deviation of 6.5dB and 0dB, the Dedicated Channel requires 6dB and 2dB less power than the Common Channel, respectively.  Figures 4 and 5 show the difference in power requirement for the multi-cell case.  It should be noted that for the multi-cell scenario the dedicated channel requires approximately 3.0dB less power than the Common Channel at 95% coverage reliability.  These results are all tabulated in Table-2. 

3.0 Effect of Fast Rayleigh Fading

The above simulation did not include the effect of fast Rayleigh fading.  It may be noted that fast forward power control (FFPC) and Space Time Block Coded Transmit Antenna Diversity (STTD) are used for the Dedicated Channel while the Common Channel uses only STTD.  In [3], the link performance with FFPC and STTD and STTD only were evaluated.  Figures 6 and 7 are reproduced for Vehicular channel model at 3 Kmph.  It may be observed from Figures 6 and 7, the performance differential at BER of 0.1% and 0.3% are 4.9dB and 3.7dB, respectively.  This differential will decrease at higher speeds since the FFPC is less effective at high values of vehicle speeds.  Therefore the total margin comprise of two parts, a) geometry and Log-normal shadow fade margin and b) fast Rayleigh fading.  Table-2 shows the total difference in margin between the dedicated and common channel for different cases.  It may be noted from Table 2, that the total additional margin required for the common channel over the dedicated channel due to geometry, log-normal shadowing and fast Rayleigh fading with multi-cell scenario are 8.3dB and 8.1dB for  of 8dB and 6.5dB respectively.  This assumes the operating BER point of 0.1% for both the common and dedicated channels.  If the operating BER is relaxed to 0.3% the additional margin required for common channel  becomes 7.2dB.

Table 2. Summary of Results

Parameter
Common Ch

Margin (dB)
Dedicated Ch

Margin (dB)
% Coverage

% BER
DELTA

(dB)

Single Cell SD = 8dB
11.8
5.1
95%
6.7

Single Cell SD = 6.5dB
9.2
3.1
95%
6.1

Single Cell SD = 0dB
-0.3
-2.3 
95%
2.6

Multi Cell SD = 8dB
6.4
3.0
95%
3.4

Multi Cell SD = 6.5dB
5.0
1.8
95%
3.2

Fast Rayleigh Fading
8
3.1
0.1%
4.9

Fast Rayleigh Fading
6.4
2.6
0.3%
3.8

4.0 Conclusion

It can be concluded from the simulation results that, the common channel requires approximately 8.3dB more power than the dedicated channel in a multiple cell system.
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Figure 7.  Link level simulations comparing the performance of STTD, TSTD and OTD for Vehicular 3 Kmph, with power control and WMSA channel estimation [3].





Figure 6.  Link level simulations comparing the performance of STTD and TSTD for Vehicular 3 Kmph , no power control and perfect channel estimates [3].
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