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1. Introduction

In this contribution wee present simulation results for the uncoded bit error rate (U-BER) of a UE
employing multipath interference canceller (MPIC) as suggested in [1]. Multicode HSDPA transmission
with 16-QAM and 64-QAM for data modulation is considered. In particular, we evaluate the impact of
intracell interference on the U-BER of MPIC. The only intracell interference considered by the simulation
assumptions in [1] was that caused by the CPICH which was assigned 10% of the total transmitted power
(I, _while the remaining 90% was assigned to the multicodes of HSDPA. We show that the MPIC
performance in_multipath interference (MPI) environments quickly degrades as the intracell interference
power increases and that the performance benefits of MPIC relative to a conventional Rake receiver vanish
for intracell interference power levels as small as 20%-30% of the .

noww tha a \ m ation or-m aveal data-mod ation

2. MPIC Performance in aMethoed-of-lmprovingTFhroughputin

Multipath Fading Channels-Environment

It is well understood that the degradation caused by MPI on the U-BER of multilevel QAM places severe
limitations on the achievable throughput relative to its line-of-sight value and those limitations cannot be
overcome by increasing the SIR since they are MPI inflicted. A receiver structure (MPIC) was suggested in
[1] to largely remove the error floor exhibited by QAM modulations in MPI environments. Substantial
performance gains were achieved relative to the conventional Rake receiver. However, those gains come at
the expense of a considerable increase in the UE receiver complexity. The complexity increase is 3(8) times
that of the conventional Rake for a 1(3) stage MPIC [2].

The performance gains suggested by the results in [1] are also susceptible to the corresponding simulation
assumptions, particularly the ones regarding intracell interference power and number of codes used by
HSDPA. In [1], only the CPICH was considered as an additional transmitted channel. This however will
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never be the case in practice. Channels dedicated to voice users and the remaining (other than CPICH)
common forward link channels coexist with HSDPA. Those channels together with the CPICH will account
for substantially more than 10% of the total cell transmitted power l,. In [3], Vodafone Group suggested
that the maximum power allocated to HSDPA transmission is 70% of I,. In fact, accounting for the
geometry of the distribution of low rate UEs and HSDPA UEs, the intracell interference experienced by
HSDPA UEs will likely be considerably larger than 30% of I, as HSDPA UEs are located closer to Node
B. Moreover, [1] considered HSDPA transmission using the maximum 20 codes. This also produces the
largest MPIC performance gains relative to the Rake receiver.

In _this contribution we show that the MPIC performance becomes practically equivalent to that of the
conventional Rake receiver for intracell interference power levels as low as 30%-40% of 1, in the case of
16-QAM and 20-30% of I in the case of 64-QAM. As a consequence, the MPIC cannot remove the error
floor experienced by QAM modulation in MPI channels and cannot improve throughput performance and
coverage area in non-line-of —sight environments.
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4.3. Simulation Assumptions

The main simulation assumptions are listed in Table 1Fable-1Fable-1Table-1Table 1Table1Table L.

Table: 11 Simulation assumptions

Chip rate 3.84 Mcps

Spreading factor (SF) 32

Number of multicodes for HS-DSCH 16
. Data 16-QAM, 64-QAM

Modulat -
odutation Spreading QPSK
CPICH Ecl/lor -10.0 dB (10% of lor)
DSCH Ec/lor 90%, 80%, 70%, 60%, 50% of lor

. i Turbo coding (R = 3/4, k =4)
I L e e |/ MaRE BH5-N ABYSc Shing4 S erations)

Channel estimation CPICH-assisted (4-6 slots averaging)
Antenna diversity reception 1-branch, 2-branch
2-path Rayleigh
UE Speed: 3 Km/h, 30 Km/h

Channel model

| Nurmber af &fages af MBle 4223
TPE o
MPIC Operation Only HSDPA Multicodes

The power of the intracell interference was evenly distributed among the corresponding channels. This
setup_minimizes the impact of intracell interference on the Rake/MPIC performance. Moreover, perfect
timing was assumed. The MPIC is more sensitive to timing errors than the Rake and this assumption also
produces an upper bound for the MPIC performance relative to that of the Rake.

The MPIC performance was similar when the intracell interference comprised of codes with spreading

factors of 32 and 64. The scaling weights on the regenerated signal for the different cancelling stages were
chosen at their optimum values.
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MCS Info. Rate Number of Info. | Modulation Coding
(Mbps) Bits in Packet Rate
7.2 4800 16QAM 3/4
10.8 7200 64QAM 3/4

5.4. Simulation results

The U-BER evaluation was obtained for 2-path Rayleigh fading channels. Two combinations for relative
path powers (pathl/path2=0.8/0.2 and 0.9/0.1), and two UE speeds (3 Km/h, 30 Km/h) were considered.
The MPIC performs cancellation only for the MPI caused by the HSDPA multicodes. —Figures la-1d3
shows the_U-BER-threughput performance for the MPIC and Rake receivers as a function of the I,
percentage of intracell interference for 16-QAM modulation, 3 values of |/, (8 dB, 16 dB, 32 dB), and
1 receive antenna. l, denotes the received power from the desired cell and I,. denotes the power of
intercell interference. +Ng)
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Figs 1a-1d: MPIC and Rake U-BER versus intracell interference power for 16-QAM modulation in 2-path
Rayleigh fading channels and 1 Rx antenna.

Figures 2a-2d present the MPIC and Rake U-BER as a function of ly,/l, for 2 values of intracell
interference and 1 receive antenna.
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Figs 2a-2d: MPIC and Rake U-BER versus l.n/l, for 16-QAM modulation in 2-path Rayleigh fading

channels and 1 Rx antenna.

The U-BER evaluation presented in Figures 1a-1d and Figures 2a-2d is repeated in Figures 3a-3d and

Figures 4a-4d, correspondingly, for diversity reception with 2 antennas.

Bit Error Rate vs Intracell Interference Power % for 16-QAM with IC

50

10 T T T
lorx/loc=8 dB ——> point, lorx/loc=16 dB ——> dash-dot, lorx/loc=32 dB —-> dotted
Rake ——> o, 15t IC stage ——> X, 2nd IC stage ——> +, 3rd IC stage ——> *
2 RX Antennas, 16-QAM, 16 Walsh Codes of Length 32
2 Rayleigh Fading Paths, Power Ratio = 0.8/0.2, Vehicular Speed = 3 Km/h
]
. ¥
o e] =
: o : g
5107'¢ % 8 * ]
] X
& > E
-
3
-]
3
2 %
5 4
*
1071 B
. . .
10 20 40

30
Intracell Interference Power %

Uncoded Bit Error Rate

Bit Error Rate vs Intracell Interference Power % for 16-QAM with IC

10 T T T
lorx/loc=8 dB —-> point, lorx/loc=16 dB —-> dash-dot, lorx/loc=32 dB —-> dotted
Rake ——> o, 1st IC stage —> X, 2nd IC stage ——> +, 3rd IC stage ——> *
2 RX Antennas, 16-QAM, 16 Walsh Codes of Length 32
2 Rayleigh Fading Paths, Power Ratio = 0.9/0.1, Vehicular Speed = 3 Km/h
. ?
. 2 5 5
107'¢ * ¥ B
Q=ziE
T
o *
%
107°F 1
I . .
10 20 50

30
Intracell Interference Power %

Page 6 of 107Page-6-0f8



Bit Error Rate vs Intracell Interference Power % for 16-QAM with IC

10 T T T
lorx/loc=8 dB ——> point, lorx/loc=16 dB ——> dash-dot, lorx/loc=32 dB ——> dotted
Rake —-> 0, 1st IC stage ——> x, 2nd IC stage —-> +, 3rd IC stage —-> *
2 RX Antennas, 16-QAM, 16 Walsh Codes of Length 32
2 Rayleigh Fading Paths, Power Ratio = 0.8/0.2, Vehicular Speed = 30 Km/h
e)
e o *
5 o ¥ g
5104 M 3 Tiw |
fin} %=
& © *
-
2 x
B
8 £
5 x
*
107 9
I I I
10 20 30 40

Intracell Interference Power %

50

Bit Error Rate vs Intracell Interference Power % for 16-QAM with IC

10 T T T
lorx/loc=8 dB —-> point, lorx/loc=16 dB —-> dash-dot, lorx/loc=32 dB —-> dotted
Rake ——> o, 1st IC stage ——> x, 2nd IC stage ——> +, 3rd IC stage ——> *
2 RX Antennas, 16—-QAM, 16 Walsh Codes of Length 32
2 Rayleigh Fading Paths, Power Ratio = 0.9/0.1, Vehicular Speed = 30 Km/h
g x
[ o ® .
510L ¥ ¢ * ]
i o8
o T
2 o
k-] x
8
=3
> x
*
1072 4
! 1 I
10 20 30 40 50

Intracell Interference Power %

Figs 3a-3d: MPIC and Rake U-BER versus intracell interference power for 16-QAM modulation in 2-path

Rayleigh fading channels and 2 Rx antennas.
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Figs 4a-4d: MPIC and Rake U-BER versus ly,/ly for 16-QAM modulation in 2-path Rayleigh fading

channels and 2 Rx antennas.

From the previous figures it becomes apparent that MPIC offers significant U-BER improvements over the

conventional Rake when the intracell interference power is only 20% or less of I, particularly for large

values of ly,/1,.. However, those improvements vanish as the power of intracell interference increases
relative to the power allocated to HSDPA. For intracell interference power levels above 20% of I,,, MPIC

offers most of the U-BER gains after only one cancellation stage. Figures 1a-1d and Figures 3a-3d suggest

that for any realistic value of the intracell interference power (>30% of 1), the MPIC performance gains

are_minimal and do not justify the considerable increase in the UE receiver complexity. Moreover, as
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expected, the number of receive antennas does not change the previous conclusions. The UE speed and
relative path power also have no noticeable effect on the previous conclusions.

Figures 5a-5d show the U-BER performance for the MPIC and Rake receivers as a function of the I,
percentage of intracell interference for 64-QAM modulation, 3 values of I/l (8, 16, 32), and 1 receive
antenna.
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Figs 5a-5d: MPIC and Rake U-BER versus intracell interference power for 64-QAM modulation in 2-path
Rayleigh fading channels and 1 Rx antenna.

Figures 6a-6d present the MPIC and Rake U-BER for 64-QAM modulation as a function of Iy./l, for 2
values of intracell interference.
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Figs 6a-6d: MPIC and Rake U-BER versus l.n/l, for 64-QAM modulation in 2-path Rayleigh fading
channels and 1 Rx antenna.

Similar observations as for 16-QAM apply in the 64-OAM case. The impact of larger intracell interference
on the MPIC performance for 64-QAM is even more severe than for 16-QAM. The U-BER performance
improvements of MPIC relative to the conventional Rake receiver are considerably diminished for intracell
interference power as low as 20% of 1.
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6:5. Conclusions

We showed physical layer simulation results for the uncoded bit error rate (U-BER) of 16-QAM and 64-
QAM in multipath interference (MPI) channels and compared the performance of a conventional Rake UE
receiver with the performance of a UE receiver thelinklevel simulation—results—formulti-level data
medelaﬂen—seekeas—L@QAM—and#@ANkm—ease—that—uBemplovlnqs multlpath interference canceller
(MPIC) A d

..... N h 640AM-inm inath-fading

ehaenel—'th&eeetHJeetteeThe results shows that even under the most optlmlstlc intracell mterference levels
expected in realistic cell environments, the MPIC cannot alleviate the significant degradation caused by
MPI on the U-BER of 16-QAM and 64-QAM. The performance benefits of MPIC relative to the
conventional Rake receiver are minimal and do not justify the 3x-8x increase in complexity.
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