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1. Introduction
At the last RAN-4 meeting in London, an initial set of simulation results for a Type 3 receiver were presented [1] using simulation assumptions outlined in [2]. RAN-4 agreed to use a new set of simulation assumptions for the Type 3 work [3]. 

In this contribution we present the updated performance results for a Type 3 receiver using the assumptions in [3] which are summarized in Annex A.
2. Simulation Results for Type 3 Receiver at 10 dB Geometry
Table 1 summarizes the results for QPSK.

	Throughput in kbps QPSK FRC H-SET 6, Ior/Ioc = 10 dB

	Channel Models
	Ec/Ior (dB)

	
	-9
	-6
	-3

	PA3
	2508
	2989
	3152

	PB3
	2139
	3062
	3216

	VA30
	1967
	2975
	3210

	VA120
	1512
	2254
	3194


Table 1: Type 3 Receiver Throughput Results for QPSK, Ior/Ioc = 10 dB, FRC H-Set 6
Note that at Ec/Ior of – 3 dB and -6 dB (for PB3), the throughput results are artificially capped by the choice of FRC H-Set 6. Based on results with implementation margin, we will need to revisit the question of whether performance is still capped and if one could create a useful test at Ior/Ioc of 10 dB.
Table 2 summarizes the results for 16-QAM.
	Throughput in kbps 16-QAM FRC H-SET 6, Ior/Ioc = 10 dB

	Channel Models
	Ec/Ior (dB)

	
	-9
	-6
	-3

	PA3
	2100
	3203
	4109

	PB3
	1776
	2550
	3995

	VA30
	1800
	2520
	3825

	VA120
	1240
	2020
	2517


Table 2: Type 3 Receiver Throughput Results for 16-QAM, Ior/Ioc = 10 dB, FRC H-Set 6
3. Comparing Type 3 vs Type 2 Throughput Performance

In Tables 3 to 4, we compare the throughput results for the Type 3 receiver and compare it to the average of the Type 2 receiver results that were summarized in [4].

	Throughput in kbps QPSK FRC H-SET 6, Ior/Ioc = 10 dB

	Channel Models
	Ec/Ior (dB)

	
	-9 dB
	-6 dB
	-3 dB

	
	Type 3
	Type 2
	Type 3
	Type 2
	Type 3
	Type 2

	PA3
	2508
	1206
	2989
	1967
	3152
	2539

	PB3
	2139
	861
	3062
	1525
	3216
	2430

	VA30
	1967
	989
	2975
	1577
	3210
	2359

	VA120
	1512
	980
	2254
	1510
	3194
	2237


Table 3: Type 3 vs Type 2 Receiver Throughput Results for QPSK, Ior/Ioc = 10 dB, FRC H-Set 6
	Throughput in kbps 16-QAM FRC H-SET 6, Ior/Ioc = 10 dB

	Channel Models
	Ec/Ior (dB)

	
	-9 dB
	-6 dB
	-3 dB

	
	Type 3
	Type 2
	Type 3
	Type 2
	Type 3
	Type 2

	PA3
	2100
	814
	3203
	1561
	4109
	2563

	PB3
	1776
	207
	2550
	1140
	3995
	1995

	VA30
	1800
	209
	2520
	1300
	3825
	2079

	VA120
	1240
	75
	2020
	1289
	2517
	2046


Table 4: Type 3 vs Type 2 Receiver Throughput Results for 16-QAM, Ior/Ioc = 10 dB, FRC H-Set 6
From these tables, it is clear that the Type 3 receiver outperforms the Type 2 receiver when Ior/Ioc = 10 dB for all Ec/Ior and channel propagation conditions. 
4. Simulation Results for Type 3 Receiver at 5 dB Geometry

Table 5 summarizes the results for QPSK.

	Throughput in kbps QPSK FRC H-SET 6, Ior/Ioc = 5 dB

	Channel Models
	Ec/Ior (dB)

	
	-9
	-6
	-3

	PA3
	1317
	2142
	2786

	PB3
	1165
	1817
	2913

	VA30
	1120
	1712
	2640

	VA120
	985
	1506
	2127


Table 5: Type 3 Receiver Throughput Results for QPSK, Ior/Ioc = 5 dB, FRC H-Set 6
Table 6 summarizes the results for 16-QAM.

	Throughput in kbps 16-QAM FRC H-SET 6, Ior/Ioc = 5 dB

	Channel Models
	Ec/Ior (dB)

	
	-9
	-6
	-3

	PA3
	1009
	1650
	2750

	PB3
	497
	1526
	2266

	VA30
	515
	1595
	2320

	VA120
	40
	1305
	2050


Table 6: Type 3 Receiver Throughput Results for 16-QAM, Ior/Ioc = 5 dB, FRC H-Set 6
5. Comparing Type 3 Receiver at 5 dB Geometry with Type 1 and Type 2 Receivers

In order to study the potential benefits of a Type 3 receiver at 5 dB geometry, we have simulated the performance of the Type 1 and Type 2 receivers as well under the same operating conditions.

Table 7 summarizes the comparison for QPSK. Note that at Ior/Ioc of 5 dB, the Type 1 results are better than that for Type 2 (showing benefits of diversity at lower geometry). Also the Type 3 results are consistently better than the Type 1 and Type 2 results demonstrating the combined benefits of receiver diversity and equalization.

	Throughput Comparison between Type 3, Type 2 and Type 1 Results for QPSK with Ior/Ioc = 5 dB, FRC H-Set 6

	Ec/Ior
(dB)
	PA3 
(Type 1)
	PA3 
(Type 2)
	PA3
(Type 3)
	PB3 
(Type 1)
	PB3 
(Type 2)
	PB3
(Type 3)
	VA30 
(Type 1)
	VA30 
(Type 2)
	VA30
(Type 3)
	VA120
(Type 1)
	VA120
(Type 2)
	VA120
(Type 3)

	-9
	901
	599
	1317
	380
	260
	1165
	522
	215
	1120
	184
	17
	985

	-6
	1588
	1169
	2142
	1181
	976
	1817
	1220
	988
	1712
	1100
	820
	1506

	-3
	2477
	1840
	2786
	1803
	1627
	2913
	1837
	1567
	2640
	1667
	1375
	2127


Table 7: Comparison of Type 3 Receiver Throughput Results for QPSK, Ior/Ioc = 5 dB, FRC H-Set 6
Table 8 summarizes the comparison for  16-QAM. Note that at Ior/Ioc of 5 dB, the Type 1 results are better than that for Type 2 except for the case of Ped B 3 km/hr. The Type 3 results are consistently better than the Type 1 and Type 2 results demonstrating the combined benefits of receiver diversity and equalization.

	Throughput Comparison between Type 3, Type 2 and Type 1 Results for 16-QAM with Ior/Ioc= 5 dB, FRC H-Set 6

	Ec/Ior
(dB)
	PA3 
(Type 1)
	PA3 
(Type 2)
	PA3
(Type 3)
	PB3 
(Type 1)
	PB3 
(Type 2)
	PB3
(Type 3)
	VA30 
(Type 1)
	VA30 
(Type 2)
	VA30
(Type 3)
	VA120
(Type 1)
	VA120
(Type 2)
	VA120
(Type 3)

	-9
	346
	240
	1009
	5
	16
	497
	0
	0
	515
	0
	0
	40

	-6
	1161
	726
	1650
	489
	327
	1526
	602
	216
	1595
	112
	14
	1305

	-3
	1902
	1238
	2750
	1543
	1238
	2266
	1591
	1255
	2320
	1334
	1061
	2050


Table 8: Comparison of Type 3 Receiver Throughput Results for 16-QAM, Ior/Ioc = 5 dB, FRC H-Set 6
6. Conclusions 

Simulation results for the Type 3 receiver have been presented and compared to the Type 2 results that are available for 10 dB geometry. We have also presented results at 5 dB geometry for Type 1, Type 2, and Type 3 receivers.
The simulation results indicate that under the assumptions summarized in Annex A, that the Type 3 receiver provides appreciable link throughput gain as compared to the Type 1 and 2 receiver when Ior/Ioc is 10 dB and 5 dB for both QPSK and 16-QAM.
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ANNEX A: SIMULATION aSSUMPTIONS
	Parameter 
	Assumption

	Receiver structure
	LMMSE

	Number of UE antenna inputs
	2

	UE antenna correlation coefficient
	0

	Equalizer length
	20 chips  per Rx antenna 

	Equalizer tap spacing (chips)
	1/2x

	Equalizer update rate
	1 time per slot for PA3, PB3 and VA30, 512 chips for VA120.

	Noise variance in equalizer
	Ideally known

	Chip rate
	3.84 Mcps

	HS-DSCH fixed reference channel
	H-SET 6 as outlined in Annex B.1 of [2]

	HSDPA control channels present
	HS-SCCH set size is 4 - simulated as part of OCNS

	OCNS
	Ch Codes: {122, 123, 124, 125, 126, 127} 
Rel Pow:{0, -2, -2, -4, -1, -3}

	DL DPCH reference channel
	12.2 kbps DL reference channel as specified in [2] – simulated as part of OCNS

	DL DPCH closed loop power control
	Off

	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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            – 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

	RV sequence 
	{0,2,5,6} for QPSK and {6,2,1,5} for 16QAM

	ACK/NACK feedback error rate
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	Turbo decoding
	MaxLogMap - 8 Iterations

	Geometry (Ior/Ioc)
	5 & 10 dB for H-SET 6 

	Ec/Ior
	-9, -6, -3 for all channels and Ior/Ioc

	Primary Scrambling code
	S_dl 0 as 25.213v5.3.0

	User spreading codes
	Will start from 1, e.g. for 16QAM 1, 2, 3, 4, 5, 6, 7, 8

	SCH
	ON, the SCH allocated power is split equally between Primary SCH (P-SCH) and Secondary SCH (S-SCH). Scrambling code 0

	Secondary SCH pattern
	According to Scrambling code Group 0 given in table 4 of 25.213
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