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This document discusses the potential capacity gains from pilot interference mitigation, and the importance of mitigating other-cell CPICH interference in addition to that of the target cell, (i.e., [1-5]).  The document is organized around three main points, as shown below.

1. Processing only same-cell pilot interference, significantly disadvantages users closer to the edge of the cell since these users see significant other-cell pilot interference. 

The reason for this is that the performance of edge users is dominated by the effect of other-cell interference; if the other-cell interference is not reduced, then little gain results for these users. In addition, the effect of other-cell interference is particularly pronounced since most errors occur when the same-cell is fading, and thus, the interference impact from the same-cell signal is low. Therefore, while the capacity gain of pilot mitigation for the users near the base station can approach
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Eq. 1
the capacity gain of the edge users approaches 
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Eq. 2
where 
[image: image3.wmf]a

 represents the average amount of other-cell interference that is canceled. 

To illustrate the above, we consider a simple 2 Base Station (BS) case. We will refer to BS #1 as “the same-cell” and BS #2 as “the other-cell”. The SNR at the output of the RAKE receiver is shown in the Appendix to be:
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Eq. 3
where 
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 is the received power spectral density, 
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 is the thermal noise power spectral density, DPCH_Ec/Ior is the percentage of BS power allocated to the traffic channel being detected, PG is the processing gain, and h can be thought of as an instantaneous orthogonality factor (determining what percentage of same-cell base power causes interference). The SNR at the output of a RAKE receiver with Pilot Mitigation enabled, (for both same-cell and other-cell), would be the same as Eq. 3, except that in the denominator 
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 (for each base station) is replaced with the term 
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*(1-CPICH_Ec/Ior), where CPICH_Ec/Ior is the percentage of base station power allocated to the Common Pilot Channel. Thus, the capacity gain for pilot mitigation can be written as
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Eq. 4
We will assume that the thermal noise is negligible in comparison to the same-cell and other-cell interference.
 Therefore, close to the base station, where 
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, we have the results in Eq. 1 above. For example, if CPICH_Ec/Ior1 = -10 dB, then the capacity gain for users near the base station would be approximately 11%. Near the edge of the cell, errors will occur primarily when the same-cell base station is in a fade, i.e., 
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; thus, in this case we have the results in Eq. 2 above, where 
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From the above, it is clear that by not canceling the other-cell pilot interference, users further away from the base station would see very little gain. Thus, when averaging the capacity gain across the whole cell, one would see noticeably less capacity gain than described in Eq. 3.

2. The gains obtained from providing pilot interference mitigation to users near the edge of the cell are even more valuable than the gains obtained from providing it to users close to the cell center.

Users at the edge of the cell utilize the most power, both in absolute terms (i.e., Watts), and as a percentage of base station transmit power. Therefore, reducing the transmit power to such a user by some percentage provides much more power savings than a similar reduction for users near the base station. Thus, the overall percentage of capacity increase averaged across the cell will be weighted towards the percentage of capacity increase for users further away from the cell. (The large power savings for edge users can also be used to support many more additional users closer to the base station.) 
3. Processing other-cell pilot interference is particularly advantageous since the percentage of other-cell interference attributable to the pilot is on average relatively large, (larger than the same-cell pilot percentage at full-power base station transmission). 

This follows from the following formula:
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Eq. 5
Where 

· 
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 is the amount of base station transmit power at peak (full power) transmission

· 
[image: image15.wmf])

(

/

_

PEAK

I

E

CPICH

or

c

 is the percentage of power allocated to the pilot at peak (full power) base station transmission 
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 is the amount of base station transmit power as a function of time
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 is the percentage of pilot power (relative to the base station transmit power) as a function of time

Equation 5 simply states that the absolute level of pilot power is fixed. For example, a 10 Watt base station may reserve a fixed level of 1 Watt for the pilot channel, (i.e., 
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 is 10%). Thus, if the base station is currently transmitting at the full 10 Watts, it will have 10% of its power allocated to the pilot; however, if the base station is currently transmitting at 5 Watts, then it will have 20% of its power allocated to the pilot. 

In estimating capacity in a cell, it is reasonable to assume that the surrounding cells cannot transmit at peak power all the time, even during the busy hour; doing so would result in a very high blocking rate, since users are constantly coming on and off the system (with perhaps Poisson statistics) and needing more or less power.  (For example, if a system can support a maximum of 12 users, than on average it can support about 6 users during the busy hour, i.e., 6 Erlangs, according to the Erlang formula for 1% blocking.) Thus, the actual average percentage of the pilot relative to the total transmit power for the surrounding cells is:
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Eq. 6
where E[.] is the expectation operator. The exact value of 
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 depends on the statistical variation of the random process 
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, (base station transmit power during the busy hour); this in turn depends on the peak number of users, the blocking probability, and some additional system parameters.

Figure 1 illustrates the importance of canceling other-cell pilot interference by plotting the percent capacity gain of Eq. 4 as a function of Ioc/Ior, (for fixed orthogonality factor h=0.4). As can be seen, the potential capacity gain is significantly reduced when only mitigating CPICH interference from the desired cell, particularly for users at the cell edge, (i.e., Ioc/Ior large). One can also see, that when mitigating CPICH interference from multiple cells, the results are heavily dependent on the pilot allocation percentage of the surrounding cells, particularly for users at the cell edge. 
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It is important to note that the above curves are only approximate, and more exact results should be obtained through system level simulations as indicated in [6].  

Summary and Conclusion

This document has illustrated the importance of mitigating other-cell pilot interference in addition to same-cell pilot interference. By processing both same-cell and other-cell pilot interference, then during the busy hour:

· Users near the base station will see a reduction in needed power primarily influenced by the same-cell CPICH_Ec/Ior

· Users near the edge will see an average reduction in needed power primarily influenced by Other-Cell_CPICH_Ec/Ior(Avg) which will be greater than Same-cell_CPICH_Ec/Ior.

· Users in-between will be bounded in performance by the above two cases.

· Providing significant pilot mitigation to users near the edge provides the most valuable gains, since these users are typically allocated the most power in the cell. 

· If other-cell pilot interference is not cancelled, the capacity gain averaged across the cell will be less than 1/(1-Same-cell_CPICH_Ec/Ior), e.g., noticeably less than 10%.

Appendix

The SNR at the output of the RAKE receiver for the 2-BS case referred to in the document above can be expressed as follows. We assume 2 fading paths for the same-cell base station
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Where 

· 
[image: image24.wmf]i

h

is the received amplitude for path i of BS #1; 

· 
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 is the received power spectral density of the received signal from BS #1, and 
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 is its nominal value for a unit gain channel, i.e.  
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. Similarly, 
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 includes all multipath components of the interfering base station.

· 
[image: image29.wmf]2

2

2

2

1

2

2

2

1

)

/(

2

h

h

h

h

h

+

=

 is a measure of how much of the same-cell power interferes at the receiver; (it can be thought of as an orthogonality factor).
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� For the case of multiple base stations, the thermal noise term can be replaced with Ioc, which would include both thermal noise and interference from paths not being processed. 





1(4)
2
(4)

_1056372232.unknown

_1056372316.unknown

_1056372355.unknown

_1056435992.unknown

_1056372385.unknown

_1056372333.unknown

_1056372306.unknown

_1055613659.unknown

_1056369855.unknown

_1056369939.unknown

_1056362802.unknown

_1056362976.unknown

_1056361218.unknown

_1056361388.unknown

_1055763728.unknown

_1056361163.unknown

_1055669794.unknown

_1055610351.unknown

_1055613089.unknown

_1055613328.unknown

_1055612339.unknown

_1055612465.unknown

_1055611818.unknown

_1055609950.unknown

_1055610107.unknown

_1055608940.unknown

