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1. Introduction
In RAN Plenary #30, a new study item proposal for further improved performance requirements for UMTS/HSDPA was approved. This contribution presents some preliminary throughput performance results with an interference cancellation receiver. Throughput simulation results are presented for both FRC HSET-3 and HSET-6, for three test scenarios. In Test 1, the Ioc components are modeled as a combination of 5 discrete interfering sources and filtered AWGN. In Test 2, interference is modeled as arising from 2 discrete sources. The interference was modeled as filtered AWGN in Test 3. This document also provides a comparison of an interference cancellation receiver against the Type 2 (LMMSE equalizer) receiver results published in [1] for FRC HSET-6.
2. Simulation Results

 2.1 Test 1

Interference scenarios for this test were chosen as specified in [2].  Table 1 presents a summary of the interference scenario for Test 1. Ici represents interference power due to the ith interfering source and IcR denotes residual interference power from other sources modeled as filtered AWGN. Tables 2 and 3 present results for Test 1 comparing a rake receiver with an interference cancellation receiver. Throughput is reported in kbps.
	Multipath channel
	Ped B

	Ioc Model
	Ic1/Ic2 = 4.5 dB, Ic1/Ic3 = 9 dB,  Ic1/Ic4 = 12 dB, Ic1/Ic5 = 14.5 dB, Ic1/IcR = 9.5 dB
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	Sub-Channel Loading
	Serving Cell: 

· HS-DSCH as for HSET3/HSET6
· Common Channels as in Annex A (enclosed)
· OCNS as in Annex A (enclosed)
Interfering Cells

· Same as serving cell (including HS-DSCH)

	Ec/Ior
	-3 dB, -6 dB 

	FRC configuration
	HSET3/HSET6


Table 1: Transmitter and Channel characteristics for Test 1
	Table 2: Throughput comparison between Rake and Interference Cancellation for FRC H-Set 3, Ped B: Ioc modeled as in Table 1

	

	Ior/Ioc in dB
	0
	10

	Modulation Type
	QPSK
	16-QAM
	QPSK
	16-QAM

	Ec/Ior in dB 
	-3
	-6
	-3
	-6
	-3
	-6
	-3
	-6

	Rake
	546
	237
	332
	38
	1124
	720
	1014
	545

	Interference Cancellation
	670
	481
	417
	228
	1562
	1368
	1625
	1140


	Table 3: Throughput comparison between Rake and Interference Cancellation for FRC H-Set 6, Ped B: Ioc modeled as in Table 1

	

	Ior/Ioc in dB
	0
	10

	Modulation Type
	QPSK
	16-QAM
	QPSK
	16-QAM

	Ec/Ior in dB 
	-3
	-6
	-3
	-6
	-3
	-6
	-3
	-6

	Rake
	463
	56
	59
	0
	1431
	819
	1039
	88

	Interference Cancellation
	672
	361
	123
	12
	2139
	1543
	2009
	1286


2.2 Test 2
The summary for the interference scenario for Test 2 is presented in Table 4. Tables 5 and 6 present the HSET-3 and HSET-6 results for Ped B. The corresponding results for the VehA30 channel are presented in Tables 7 and 8. These results compare an interference cancellation receiver against a Rake receiver. Note that there are throughput gains observed across low, medium and high geometries. Throughput gains are observed in both FRC sets tested in slow and fast fading environments.  
	Multipath channel
	Ped B/VehA 30

	Ioc Model
	Ic1/Ic2 = 4.5 dB
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	Sub-Channel Loading
	Serving Cell: 

· HS-DSCH as for HSET3/HSET6

· Common Channels as in Annex A (enclosed)
· OCNS as in Annex A (enclosed)
Interfering Cells

· Same as serving cell (including HS-DSCH)

	Ec/Ior
	-3 dB, -6 dB 

	FRC configuration
	HSET3/HSET6


Table 4: Transmitter and Channel characteristics for Test 2

	Table 5: Throughput comparison between Rake and Interference Cancellation for FRC H-Set 3, Ped B: Ioc modeled as in Table 4

	

	Ior/Ioc in dB
	0
	10

	Modulation Type
	QPSK
	16-QAM
	QPSK
	16-QAM

	Ec/Ior in dB 
	-3
	-6
	-3
	-6
	-3
	-6
	-3
	-6

	Rake
	555
	256
	354
	65
	1104
	710
	1001
	539

	Interference Cancellation
	724
	592
	547
	376
	1554
	1323
	1637
	1143


	Table 6: Throughput comparison between Rake and Interference Cancellation for FRC H-Set 6, Ped B: Ioc modeled as in Table 4

	Ior/Ioc in dB
	0
	5
	10

	Modulation Type
	QPSK
	16-QAM
	QPSK
	16-QAM
	QPSK
	16-QAM

	Ec/Ior in dB 
	-3
	-6
	-3
	-6
	-3
	-6
	-3
	-6
	-3
	-6
	-3
	-6

	Rake
	490
	81
	118
	0
	1083
	406
	524
	41
	1409
	802
	1041
	94

	Interference Cancellation
	819
	593
	256
	123
	1432
	1168
	1041
	586
	2153
	1529
	1974
	1285


	Table 7: Throughput comparison between Rake and Interference Cancellation for FRC H-Set 3, Veh A30: Ioc modeled as in Table 4

	

	Ior/Ioc in dB
	0
	10

	Modulation Type
	QPSK
	16-QAM
	QPSK
	16-QAM

	Ec/Ior in dB 
	-3
	-6
	-3
	-6
	-3
	-6
	-3
	-6

	Rake
	573
	295
	420
	106
	1256
	795
	1087
	694

	Interference Cancellation
	769
	615
	598
	394
	1510
	1286
	1666
	1152


	Table 8: Throughput comparison between Rake and Interference Cancellation for FRC H-Set 6, Veh A30: Ioc modeled as in Table4

	

	Ior/Ioc in dB
	0
	5
	10

	Modulation Type
	QPSK
	16-QAM
	QPSK
	16-QAM
	QPSK
	16-QAM

	Ec/Ior in dB 
	-3
	-6
	-3
	-6
	-3
	-6
	-3
	-6
	-3
	-6
	-3
	-6

	Rake
	579
	130
	189
	6
	1167
	576
	810
	71
	1570
	977
	1378
	357

	Interference Cancellation
	884
	638
	383
	141
	1521
	1170
	1183
	673
	2259
	1597
	2066
	1392


2.3 Test 3
Test 3 provides throughput performance comparisons when the interference power Ioc is modeled as filtered AWGN, as assumed for all receiver performance results thus far reported in 3GPP. From Tables 9 and 10, it can be seen that within experimental errors, the performance of an interference cancellation receiver meets or exceeds the performance of a Type 2 (LMMSE equalizer) receiver as studied by 3GPP [3]. Note that the numbers reported here for both receivers are those without implementation margin. Higher throughput gains from an interference cancellation receiver, especially in medium and low geometries, may be obtained by modeling the interference as coming from discrete sources. 
	Table 9: Throughput comparison between Rake, Interference Cancellation and Type 2 receivers for FRC        H-Set 6, QPSK: Ior/Ioc = 10 dB,  Ioc modeled as filtered AWGN

	

	Channel Type
	PA3
	PB3
	VA30
	VA120

	Ec/Ior
	-3
	-6
	-9
	-3
	-6
	-9
	-3
	-6
	-9
	-3
	-6
	-9

	Rake
	2350
	1376
	782
	1494
	916
	77
	1606
	1027
	246
	1647
	1045
	89

	3GPP Average LMMSE
	2539
	1967
	1206
	2430
	1525
	861
	2359
	1577
	989
	2237
	1510
	980

	Interference Cancellation
	2849
	1861
	1254
	2457
	1721
	1358
	2457
	1694
	1248
	2617
	1703
	1208


	Table 10: Throughput comparison between Rake, Interference Cancellation and Type 2 receivers for FRC        H-Set 6, 16-QAM: Ior/Ioc = 10 dB,  Ioc modeled as filtered AWGN

	

	Channel Type
	PA3
	PB3
	VA30
	VA120

	Ec/Ior
	-3
	-6
	-9
	-3
	-6
	-9
	-3
	-6
	-9
	-3
	-6
	-9

	Rake
	1915
	1086
	270
	1200
	82
	0
	1450
	326
	6
	1427
	88
	0

	3GPP Average LMMSE
	2563
	1561
	814
	1995
	1140
	207
	2079
	1300
	209
	2046
	1289
	75

	Interference Cancellation
	2315
	1695
	835
	2227
	1589
	985
	2117
	1499
	626
	2217
	1469
	322


3. Conclusions
Based on results presented above from Tests 1 to 3, it can be concluded that throughput performance gains are obtained when interference is realistically modeled as coming from discrete sources. Also, within experimental errors, the performance of an interference cancellation receiver meets or exceeds the performance of a Type 2 (LMMSE equalizer) receiver. More comprehensive test results indicate that an interference cancellation receiver generally achieves about 70% of the throughput performance of a Type 3 receiver if interference is explicitly modeled as coming from discrete interfering sources. 
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ANNEX A: 
Simulation Assumptions

	Parameter 
	Assumption

	Receiver structure
	· Rake 

· Interference Cancellation receiver

	Number of UE antenna inputs
	1

	Chip rate
	3.84 Mcps

	HS-DSCH fixed reference channel
	H-SET 3 and 6 as outlined in Annex A.7 of [3]

	OCNS
	Channel Codes: {122, 123, 124, 125, 126, 127} 
Relative Power:{0, -2, -2, -4, -1, -3}

	Channel estimation
	The location of each ray on the channel is known a-priori to the receiver, but the channel tap values (i.e. the complex coefficient associated with each multi path component) are estimated by the receiver.

	RX AGC
	Off

	Number of bits in A/D converter
	Floating point

	Number of samples per chip (P) for channel synthesis
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P = 2 – i.e. 2 samples per chip at input to receiver

	SRRC pulse shaping
	On

	Channel ray mapping
	Nearest Tc/P spaced delay (1/ Tc is the chip rate) – P specified above

	Propagation channel types
	ITU PA3, ITU PB3, ITU VA30, ITU VA120

	Turbo decoding
	MaxLogMap - 8 Iterations

	Geometry (Ior/Ioc)
	0/5/10  dB for H-SET 6, 0/10 dB for H-SET 3

	Modeling of Ioc
	Test 1: As in Table 1

Test 2: As in Table 4
Test 3: Filtered AWGN

	Modulation
	QPSK, 16-QAM

	Common Channels 
	C-PICH = -10 dB

PICH = -15 dB

P-CCPCH = -12 dB

OCNS: Power adjusted so total Base-station power is 1

	Power Control 
	Off
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