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1 Introduction

This contribution studies the impact of non-ideal timing of RAKE finger assignment when using CPICH cancellation techniques as suggested in TR 25.991. The studies are based on an analytical method to determine SNR improvements due to CPICH cancellation taking into account variable RAKE finger timing errors. This study is not taking into account any other imperfections such as fixed point arithmetic, quantization errors, non-ideal filtering, amplitude and phase estimation errors etc. 

2 Discussion

2.1 Signal model and SNR analysis

In Annex A, a detailed description of the mathematical signal model and the derivation of SNR expressions with and without pilot cancellation can be found. The analytical expressions derived therein were used to determine the SNR increase for different cases as shown in what follow.

2.2 Definitions for case studies

We will assume the following notation in the following sections.
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Therefore, we have:
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To include the effect of multiple base stations, we need to distinguish between thermal noise power spectral density (
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) and adjacent cell 
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Using these definitions, the expressions for interference that have been derived in Annex A can be written as:
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In all cases, we will vary 
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 from –3 dB to –6 dB. In effect, this simulates the effect of varying 
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. We will consider two multi-path components. In multiple base station scenarios, we will vary the ratio of orthogonal powers between two cells.

2.3 Case 1 – Single base station

To analyze a scenario wherein the UE is located close to the active BS, we will assume that the second multi-path component is from the same cell and the path losses are identical.
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Figure 1 shows the SNR increase as a function of timing error. Linearly extrapolating these results, the capacity increases by 8% and 7% in the presence of 0 and 1/8 chip timing errors respectively.
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Figure 1
SNR Increase – 1 BS – Nt/Io = -6 dB

2.4 Case 2 – Two base stations – 100% load on adjacent cell

We will consider the scenario wherein the UE is located at a cell crossover point and the path losses are identical. The second multi-path component is from the adjacent cell. Further, the adjacent cell is 100% loaded.
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Figure 2 shows the SNR increase as a function of timing error. Linearly extrapolating these results, the capacity increases by 6.5% and 5.7% in the presence of 0 and 1/8 chip timing errors respectively.
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Figure 2
SNR Increase – 2 BS – Equal load – Nt/Io = -6 dB

2.5 Case 3 – Two base stations – 50% load on adjacent cell

Consider the scenario wherein the UE is located at a cell crossover point (identical path losses) and the second multi-path component is from the adjacent cell. Let us assume that the adjacent cell is 50% loaded.
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Figure 3 shows the SNR increase as a function of timing error. Linearly extrapolating these results, the capacity increases by 11% and 8% with 0 and 1/8 chip timing errors respectively.
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Figure 3
SNR Increase – 2 BS – 50% load – Nt/Io = -6 dB

2.6 Case 4 – Two base stations – 25% load on adjacent cell

Again, consider the scenario wherein the UE is located at a cell crossover point (identical path losses) and the second multi-path component is from the adjacent cell. Let us now assume that the adjacent cell is 25% loaded.
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Figure 4 shows the SNR increase as a function of timing error. Linearly extrapolating these results, the capacity increases by 17.5% and 12.5% with 0 and 1/8 chip timing errors respectively.
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Figure 4
SNR Increase – 2 BS – 25% load – Nt/Io = -6 dB

2.7 Case 5 – Two base stations – 100% load on adjacent cell – Higher IOC
This is similar to Case 2, except that we assume a higher 
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[image: image19.wmf]
Figure 5
SNR Increase – 2 BS – Equal load – Nt/Io = -3 dB

Figure 5 shows the SNR increase as a function of timing error. Linearly extrapolating these results, the capacity increases by 3.5% and 2.5% with 0 and 1/8 chip timing errors respectively.

2.8 Case 6 – Two base stations - 50% load on adjacent cell – Higher IOC
This is similar to Case 3, except that we assume a higher 
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. Therefore,
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Figure 6 shows the SNR increase as a function of timing error. Linearly extrapolating these results, the capacity increases by 5.2% and 4% with 0 and 1/8 chip timing errors respectively.
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Figure 6
SNR Increase – 2 BS – 50% load – Nt/Io = -3 dB

2.9 Case 7 – Two base stations - 25% load on adjacent cell – Higher IOC
This is similar to Case 4, except that we assume a higher 
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I

. Therefore,
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Figure 7 shows the SNR increase as a function of timing error. Linearly extrapolating these results, the capacity increases by 7% and 5% with 0 and 1/8 chip timing errors respectively.

[image: image25.wmf]
Figure 7
SNR Increase – 2 BS – 25% load – Nt/Io = -3 dB
3 Conclusion

It is clear that the potential capacity increase is a function of geometry, adjacent cell load and timing errors. If all cells are fully loaded and an timing error of 1/8th of a chip is assumed, the capacity increase seems to be between 2% to 8% (or 0.09 dB to 0.33 dB) depending upon geometry. Note that the potential capacity increase gets smaller for larger timing errors. Timing errors of more than 1/8th of a chip can occur depending on the multi-path profile and the fading conditions. The potential capacity increase may further be reduced when other impairing effect such as fixed point arithmetic, quantization errors, non-ideal filtering, amplitude and phase estimation errors are taken into account. Looking at results presented in other studies, e.g. R4-02-0274 (link level improvements taking into account amplitude and phase estimation errors but not timing errors), we believe that the potential incremental capacity gain due to CPICH cancellation becomes very unattractive for realistic implementations given the considerable complexity increase.

Annex A

A.1 
Signal model

The complex baseband signal transmitted from a single BS can be written as:
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wherein:
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Note that the index of the data symbol could have been written as 
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We will assume that the baseband filter is normalized. Therefore,
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However, we will not assume that it is a Nyquist filter, vanishing at integral multiples of 
[image: image30.wmf]c

T

. This will enable us to see the effect of inter-chip interference (ICI). The matched-filter output can be written as:
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The transmit signal s(t) and the received signal r(t) can now be written as
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For simplicity, we will drop the index t from the attenuation constant and propagation delay from each path. Consider finger i corresponding to the 
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 multi-path component. The match-filtered and de-spread signal at the 
[image: image34.wmf]th
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 chip of code k can be written as:
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wherein 
[image: image36.wmf]i

l

is the timing error of finger i.

This can be separated into 8 different terms for convenience.


[image: image37.wmf])

)

(

(

)

(

)

(

)

(

)

(

)

(

2

)

(

)

(

)

(

)

(

)

(

2

)

(

)

(

)

)

(

(

)

(

)

(

)

(

)

(

)

(

2

)

(

)

(

)

(

2

)

(

)

(

)

)

(

(

)

(

)

(

)

(

)

(

)

(

2

)

(

)

(

)

(

)

(

)

(

2

)

(

)

(

)

)

(

(

)

(

)

(

)

(

)

(

)

(

2

)

(

)

(

)

(

2

)

(

)

(

)

(

)

(

Denote

)

(

)

(

}

)

(

)

(

{

)

(

*

)

(

)

(

*

)

(

)

(

*

)

(

)

(

*

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

c

j

i

i

N

u

N

k

N

u

c

m

n

k

u

ji

ji

j

u

j

i

i

N

u

N

k

N

u

c

k

u

ji

ji

j

u

c

j

i

i

N

k

N

k

m

n

N

k

c

ji

ji

j

k

j

i

i

N

k

c

ji

ji

j

k

c

i

N

u

N

k

N

u

c

m

n

k

u

ii

ii

i

u

i

N

u

N

k

N

u

c

k

u

ii

ii

i

u

c

i

N

k

N

k

m

n

N

k

c

ii

ii

i

k

i

N

k

c

ii

ii

i

k

c

i

i

j

ji

c

i

i

j

ji

i

j

j

u

j

u

j

k

j

k

i

u

i

u

i

k

i

k

c

i

l

T

m

n

p

n

d

m

PN

n

PN

m

W

n

W

u

E

v

p

m

d

m

W

m

W

u

E

m

v

T

m

n

p

n

d

m

PN

n

PN

m

W

n

W

k

E

v

p

m

d

k

E

m

v

T

m

n

p

n

d

m

PN

n

PN

m

W

n

W

u

E

v

p

m

d

m

W

m

W

u

E

m

v

T

m

n

p

n

d

m

PN

n

PN

m

W

n

W

k

E

v

p

m

d

k

E

m

v

mT

mT

v

m

v

v

m

v

v

m

v

v

m

v

mT

x

-

-

-

+

×

×

×

×

×

×

×

×

=

-

+

×

×

×

×

×

×

=

-

-

-

+

×

×

×

×

×

×

×

×

=

-

+

×

×

×

×

=

-

-

×

×

×

×

×

×

×

×

=

×

×

×

×

×

×

=

-

-

×

×

×

×

×

×

×

×

=

×

×

×

×

=

+

+

=

+

+

=

+

+

+

+

+

+

+

=

å

å

å

å

å

å

å

å

å

¹

¹

¹

¹

¹

¹

¹

¹

¹

t

t

l

f

a

t

t

l

f

a

t

t

l

f

a

t

t

l

f

a

l

f

a

l

f

a

l

f

a

l

f

a

l

t

f

f

l

t

a

a


The interfering components seen at finger i can be written down as the following.

1. ICI from pilot of 
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2. ICI from other orthogonal power (including code k) of 
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3. Pilot of 
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The pilot symbol is 
[image: image44.wmf]4
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The timing offsets can be written as following
.
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This notation of the timing error will be used in what follows. The above analysis can be easily extended to multiple base-stations as well.

A.2
SNR Analysis

A.2.1 
SNR Increase due to Pilot Cancellation

A.2.1.1
Terms from 
[image: image48.wmf]th
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multi-path and code k
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A.2.1.2
Terms from 
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A.2.1.3
Terms from 
[image: image52.wmf]th
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multi-path and code k
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A.2.1.4
Terms from 
[image: image54.wmf]th
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A.2.1.5
SNR without pilot cancellation

We define 
[image: image56.wmf])
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The interference power spectral density for code k can be written as:
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Therefore, the SNR for code k on 
[image: image59.wmf]th

i

 finger is:
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wherein 
[image: image61.wmf]t

N

 is the interference power spectral density. Again, we have neglected the interference from adjacent cells, but the analysis can be easily extended to that case. For the time being, we can assume that 
[image: image62.wmf]t
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 contains thermal noise 
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 and adjacent cell 
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. This implies that we are not canceling the interference caused by adjacent cell pilots.

A.2.1.6
SNR with pilot cancellation

Defining the parameter
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The interference power spectral density after pilot cancellation can be written as:
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Therefore, the SNR for code k on 
[image: image67.wmf]th

i

 finger after pilot cancellation is:
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Clearly, the SNR is maximized in the absence of any timing error. The SNR increase with pilot cancellation can be written as:
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A.2.2
Variation of (, (, (
It is interesting to plot the (, (, ( as functions of the timing error and path differences. Figure A.1 shows the matched filter O/P (normalized) at 8 times the chip rate. Figure A.2 shows ( for a single path scenario as a function of the timing error. Figures A.3, A.4 and A.5 show (, (, (  for a two-path scenario as a function of timing error and path difference.

[image: image70.wmf]
Figure A.1
Matched Filter O/P
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Figure A.2
Single path (
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Figure A.3
Multi-path (
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Figure A.4
Multi-path (
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Figure A.5
Multi-path (
� The notation is the same as in TSGR1-00-1371
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