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1
Introduction
It is well known in literature that interference cancellation techniques have a significant effect on system capacity and performance. The theoretical capacity results applicable to CDMA uplink were shown in [1]. 
We considered a traditional matched filter (MF) receiver, which treats interference from other users as white noise and a successive interference cancellation (SIC) receiver, where users are decoded in a serial fashion and interference from users that are correctly decoded is cancelled. 
In this document, we demonstrate what is practically achievable with SIC in EUL [2] and compare the results with those obtained using a MF receiver.
2
Simulation Setup
The system configuration is shown in Table 1. 

	Parameter
	Configuration

	Layout
	19 Node-B, 3-cell wrap-around layout

	Channel model
	Mixed (PA3 30%, PB3 30% VA30 20% and VA120 20%) and individual

	Traffic model
	Full buffer

	#UE per cell
	10

	Duration
	60 s + 5 s warm-up

	HARQ
	2ms TTI

	
	Max # of transmissions = 4

# of HARQ processes = 8

Re-transmission delay = 16 ms

Ack/Nack errors = 0%

	Scheduling algorithm
	Channel sensitive proportional fair.

	Scheduling process
	As described in [3]. Decentralized Node-B scheduler with 

1 serving cell per UE = best DL (same as HSDPA serving cell). All cells in UE’s active set send ACK/NAK.

	Scheduling delays
	2ms E-DCH

Period

2 ms

Uplink SI delay

19 slots

DL Grant delay

1 slot



	Power control
	Inner loop error rate = 4%

	DCH
	None

	E-DCH
	TFCS = TFS = MCS as shown in Table 2

Minimum set is empty

E-TFC selection:

Similar to R99 TFC selection. UE MAC decides upon the E-DCH TFC in SUPPORTED_STATE and EXCESS_POWER_STATE every radio frame. The parameters {x, y, z} are set to {15, 30, 30} as in Rel‑99.

	E-DPCCH
	2ms TTI
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	E-DPCCH errors: 0%

	SHO
	2ms TTI

	
	Non-SHO Time and rate scheduled; SHO Rate Scheduled.

	Decoding
	Short term link level curves

	Channel Estimation
	From DPCCH

	Interference Cancellation
	Imperfect


Table 1
System Configuration
	Transport

Block Size
	Number of Code Blocks
	Modulation
	OVSF Code
	Code 

Rate
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	T/P dB
	Rate after 4 Tx  (kbps)

	128
	1
	BPSK
	1xC(16,8)
	0.33
	15
	17
	1
	16

	256
	1
	BPSK
	1xC(8,4)
	0.33
	15
	24
	4
	32

	512
	1
	BPSK
	1xC(4,2)
	0.33
	15
	30
	6
	64

	768
	1
	2xBPSK
	2xC(2,1)
	0.33
	15
	27
	8
	96

	1024
	1
	2xBPSK
	2xC(2,1)
	0.33
	15
	38
	11
	128

	2048
	1
	2xBPSK
	2xC(2,1)
	0.33
	15
	47
	13
	256

	3072
	1
	2xBPSK
	2xC(2,1)
	0.40
	15
	53
	14
	384

	4096
	1
	2xBPSK
	2xC(2,1)
	0.53
	15
	67
	16
	512

	5120
	2
	4xBPSK
	2xC(2,1) 2xC(4,1)
	0.44
	15
	61,43
	17
	640

	6144
	2
	4xBPSK
	2xC(2,1) 2xC(4,1)
	0.53
	15
	69,49
	18
	768

	7168
	2
	4xBPSK
	2xC(2,1) 2xC(4,1)
	0.62
	15
	77,54
	19
	896

	8192
	2
	4xBPSK
	2xC(2,1) 2xC(4,1)
	0.71
	15
	86,61
	20
	1024


Table 2

E-DCH MCS – 2ms TTI
3
Simulation Results
The simulations results are shown in Figure 1-Figure 7. In this document, RoT is measured as the average of 12 slots (3 per TTI) that correspond to the transmission timing of all 4 redundancy versions. With SIC, RoT represents effective RoT, that is, RoT averaged over 12 slots accounting for possible interference cancellation.
3.1
Throughput for RoT=4.5 dB – Case 1
Figure 1 and Figure 2 compare the throughput and BLER results, respectively, for MF and SIC receivers. For a typical RoT range of interest (about 4.5 dB) the throughput gain is summarized in Table 3 and Table 4. As Figure 2, shows SIC scheme has 1-2 orders of magnitude lower BLER. Hence, the throughput increase comes with a better QoS. We refer to this scenario as case 1. 

[image: image5.png]Throughput [khps]

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000,
3

& 4Rx- MF; case 1
~&- 4Rx- SIC (eflective RoT)
o 2Rx- MF; case 1

2Rx- SIC (effective RoT)

35 4 45 5 55 B 65 7 75 8
RoT [dB]




Figure 1:  Throughput vs. RoT – Case 1
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Figure 2:  BLER vs. RoT – Case 1
	Number of Rx antennas
	MF
	SIC
	SIC gain over MF

	2 Rx
	1590 kbps
	2300 kbps
	45 %

	4 Rx
	3450 kbps
	5070 kbps
	47 %


Table 3
Case 1 – SIC BLER lower than MF BLER – RoT = 4.5 dB
	Rx antennas
	MF
	SIC

	2 Rx
	1
	1.45

	4 Rx
	2.17
	3.19


Table 4
Case 1 – Normalized Spectral Efficiency

3.2
Throughput for RoT=4.5 dB - Case 2

In Figure 3 and Figure 4 we consider another scenario where MF receiver BLER is reduced so that it is approximately the same as for SIC receiver. The results for SIC receiver are the same as shown in Figure 1 and Figure 2. 
We refer to this scenario as case 2. For a typical RoT range of interest (about 4.5 dB) the throughput gain is summarized in Table 5 and Table 6.
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Figure 3: Throughput vs. RoT – Case 2
[image: image8.png]BLER

5 4Rx- MF; case 2
&~ 4Rx- SIC (effective RoT)
G- 2Rx- MF; case 2

2R SIC (effective RaT)

RoT [dB]





Figure 4: BLER vs. RoT – Case 2
	Number of Rx antennas
	MF
	SIC
	SIC gain over MF

	2 Rx
	1450 kbps
	2300 kbps
	59 %

	4 Rx
	3225 kbps
	5070 kbps
	57 %


Table 5
Case 2 – RoT = 4.5 dB
	Number of Rx antennas
	MF
	SIC

	2 Rx
	1
	1.59

	4 Rx
	2.22
	3.50


Table 6
Case 2 – Normalized Spectral Efficiency
3.3
Throughput for RoT outage, case 1 and 2

Figure 5 shows the throughput results for case 1 and 2, as a function of RoT outage, where RoT outage criterion is defined as Pr(RoT > 7 dB) > 1%. The throughput gains are summarized in Table 7-10.
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Figure 5: Throughput vs. RoT outage – Cases 1 and 2
	Number of Rx antennas
	MF
	SIC
	SIC gain over MF

	2 Rx
	1810
	2460
	36 %

	4 Rx
	4000
	5570
	39 %


Table 7
MF vs. SIC – Case 1
	Number of Rx antennas
	MF
	SIC

	2 Rx
	1
	1.36

	4 Rx
	2.21
	3.07


Table 8
Normalized Spectral Efficiency – Case 1

	Number of Rx antennas
	MF
	SIC
	SIC gain over MF

	2 Rx
	1670
	2460
	47 %

	4 Rx
	3740
	5570
	49 %


Table 9
MF vs. SIC – Case 2
	Number of Rx antennas
	MF
	SIC

	2 Rx
	1
	1.47

	4 Rx
	2.24
	3.34


Table 10
Normalized Spectral Efficiency – Case 2
3.4
Fairness comparison
Figure 6 shows the fairness for both receivers. As can be seen from the figure, the fairness is roughly the same and the performance improvement with a SIC receiver does not come at the expense of the fairness.
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Figure 6: Fairness comparison between MF and SIC receivers.

3.5
RoT comparison

Figure 7 shows the relationship between RoT before and after interference cancellation. 
The figure shows that effective RoT, or RoT after cancellation is about 1.5 to 2 dB lower than RoT before cancellation. Therefore, a user in a SIC system experiences on average, 1.5 to 2 dB less interference than a user in a MF receiver based system. Therefore, SIC system can be operated at about 1.5 to 2 dB higher RoT. Note that based on theoretical analysis, it is suggested in [1] that in practice, SIC system can operate at about 2 dB higher RoT.
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Figure 7: RoT before and after cancellation
4
Conclusions

The simulation results show a significant gain in the performance EUL with a SIC receiver over a MF receiver.

Comparing against a reference EUL performance with 2 Rx and MF receiver:

· Using 2 Rx antennas with SIC
a. 36% to 45% gain and significantly better QoS (significantly lower BLER)

b. 47% to 59% gain and marginally better QoS (lower BLER)

· Using 4 Rx antennas with SIC

a. 3x to 3.5x improvement in system capacity
We note that these gains are achieved without tight UL synchronization of the UEs.
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