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1. Introduction

In RAN Plenary meeting #35 it was decided to keep the study item on further improved performance requirements for UMTS/HSDPA UE [1] open for one more meeting awaiting for the one branch option feasibility completion. In this contribution we present further simulation results evaluating the performance of the one branch interference aware receiver in the agreed conditions, e.g., using the weighted DIP values from [3] and [4]. Both scenarios; HSDPA-only and HSDPA+R’99 as given in [2], are evaluated. Furthermore some additional results are presented accounting link adaptation and compared to the system level results presented in [5]. 
2. Simulation results for FRC H-Set6

2.1 Simulation results for HSDPA+R’99 scenario

In this section we present the simulation results from the perspective of the relative gain provided by Type2i receiver over Type2. The absolute throughput values obtained from these simulations are given in tables of Annex B at end of the document. 

Table 1and Table 2 present the relative gains at geometry of 0dB for Pedestrian B 3km/h and Vehicular A 30km/h. Similarly Table 3 and Table 4 give the comparison for geometry of -3dB. In all tables values for both cases, simulations with normalized power control and unnormalized power control are presented ,marked as ‘NPC’ or ‘UPC’, respectively. The relative gains can be observed to be approximately at the same levels or even augmented of those seen for the interference aware equaliser with receiver diversity. However the absolute levels are lower. Thus, the very large relative gains shown in certain points are due to the impractical used FRC as the given conditions, leading in the end to very low throughputs. 
Table 1. Relative gains for Pedestrian B 3km/h, for geometry factor of 0 dB for both power control models
	Receiver and power control modeling
	Gain
	Gain

	
	H-Set6 (QPSK)
	H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type2i over Type2
NPC
	1.37
	1.18
	2.04
	1.41

	Type2i over Type2
UPC
	1.42
	1.9
	2.2
	1.47


Table 2. Relative gains for Vehicular A 30km/h, for geometry factor of 0 dB

	Receiver and power control modelling
	Gain
	Gain

	
	H-Set6 (QPSK)
	H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type2i over Type2
NPC
	2.13
	1.3
	6.0
	2.1

	Type2i over Type2
UPC
	2.25
	1.33
	2
	2.18


Table 3. Relative gains for Pedestrian B 3km/h, for geometry factor of -3 dB

	Receiver and power control modelling
	Gain
	Gain

	
	H-Set6 (QPSK)
	H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type2i over Type2
NPC
	2.1
	1.4
	-
	2.1

	Type2i over Type2
UPC
	2.18
	1.44
	-
	1.9


Table 4. Relative gains for Vehicular A 30km/h, for geometry factor of -3 dB

	Receive and power control modelling
	Gain
	Gain

	
	H-Set6 (QPSK)
	H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type2i over Type2
NPC
	4
	2
	-
	3.2

	Type2i over Type2
UPC
	6
	2.12
	-
	3.9


2.2 Simulation results for HSDPA-only scenario
In this section the simulation results for the relative gain provided by Type2i receiver over Type 2. The absolute throughput values obtained from these simulations are given in tables of Annex C at end of the document. 

Table 1and Table 2 present the relative gains at geometry of 0dB for Pedestrian B 3km/h and Vehicular A 30km/h. Similarly Table 3 and Table 4 give the comparison for geometry of -3dB. Unfortunately the simulations (marked as [TBD]) had not finished at the time for this contribution, but the relative gains would be expected to be at the same level as for the cases with normalized power control in previous section. Also similar observations can be made as on the results as in Section 2.1.
Table 5. Relative gains for Pedestrian B 3km/h, for geometry factor of 0 dB

	 Receiver
	Gain
	Gain

	
	H-Set6 (QPSK)
	H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type3i over Type3
	1.39
	1.19
	1.65
	1.41


Table 6. Relative gains for Vehicular A 30km/h, for geometry factor of 0 dB

	Receiver
	Gain
	Gain

	
	H-Set6 (QPSK)
	H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type3i over Type3
	2.13
	1.30
	6.02
	TBD


Table 7. Relative gains for Pedestrian B 3km/h, for geometry factor of -3 dB

	Receiver
	Gain
	Gain

	
	H-Set6 (QPSK)
	H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type3i over Type3
	2.01
	1.42
	-
	1.91


Table 8. Relative gains for Vehicular A 30km/h, for geometry factor of -3 dB

	Receiver
	Gain
	Gain

	
	H-Set6 (QPSK)
	H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type3i over Type3
	5.67
	2.03
	-
	TBD 


3. Further simulation results
As discussed during the study item, performing link using fixed FRC may not necessarily give accurate picture of the benefits offered by a particular scheme. Alternative approach, also carried out during the study item work, is to perform system level simulations. These can of course approximate more accurately of the offered benefits, assuming that the assumptions and the modelling used is valid. The main benefit of the system level simulations compared to the basic link simulations that they can incorporate the effect of such features like NodeB scheduler and link adaptation. Furthermore the impact of different (non-finite) traffic models can also be seen to be a benefit which allows to obtain more accurate picture of the feasibility and benefits of studied features. Even if it can be seen rather complicated to include all these aforementioned effects to link simulations, impact of link adaptation can be accounted in some respect. In this section we present some link simulations in which fixed reference channel is not used, but the used transport format (including transport block size, used modulation and number of codes) is adjusted according to the UE CQI feedback, i.e., Adaptive Modulation Coding (AMC) is enabled. These results are presented for interference aware equalisers with and without receiver diversity. 
Table 9. Link simulation results with AMC for PedB 3kmh, for geometry factor 0 dB
	Receiver
	Throughput (Kbps)
	Throughput (Kbps)

	
	1RX
	2RX

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	TypeN
	306
	604
	638
	1133

	TypeNi
	324
	642
	781
	1368

	Relative
	1.06
	1.06
	1.22
	1.21


Table 10. Link simulation results with AMC for VehA 30kmh, for geometry factor 0 dB
	Receiver
	Throughput (Kbps)
	Throughput (Kbps)

	
	1RX
	2RX

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	TypeN
	249
	489
	546
	985

	TypeNi
	276
	547
	705
	1231

	Relative
	1.11
	.1.12
	1.29
	1.25


Table 11. Link simulation results with AMC for PedB 3kmh, for geometry factor -3 dB
	Receiver
	Throughput (Kbps)
	Throughput (Kbps)

	
	1RX
	2RX

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	TypeN
	159
	344
	352
	681

	TypeNi
	163
	354
	412
	801

	Relative
	1.03
	1.03
	1.17
	1.18


Table 12. Link simulation results with AMC for VehA 30kmh, for geometry factor -3 dB
	Receiver
	Throughput (Kbps)
	Throughput (Kbps)

	
	1RX
	2RX

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	TypeN
	129
	273
	298
	582

	TypeNi
	141
	301
	373
	719

	Relative
	1.09
	1.10
	1.25
	1.24


Although these results are not directly comparable to the system simulation results presented in [5], some observations can be made. Firstly in [5] the gains were compared for selected users, those being in soft or softer handover. This can be considered to have some similarities with the used link simulation scenario. In the results given in [5] the assumed scheduler was proportional fair benefiting from the multi-user diversity, whereas the continuous allocation of single user in the link simulation regardless of the observed radio condition could be seen to resemble some what the Round Robin type of scheduler. In both link adaptation was used to adjust the used transport format.
Thus looking at the relative gains shown in Table 9 to Table 12, and comparing those to the gains reported in [5], quite close match can be seen. The gains shown in [5] were in order of 5% for the single branch interference aware equaliser, and from 13% to 21% for the dual branch receiver. 
4. Conclusions

In this contribution we presented additional simulation results evaluating the benefits single branch interference aware equaliser. In the results using fixed reference channel, relative gain was comparable to those seen with the interference aware LMMSE chip level equaliser structure and receiver diversity. In the additional results, using AMC, gains inline with those seen in [5] were shown. 

Even though the RAN4 enhanced performance requirements do not to mandate any specific receiver solution, it would seem preferable to limit the creation of the new enhanced requirements to those cases where a significant gains can be seen. This could be seen important to ensure that some observable benefits are in practical systems. Smaller incremental performance steps are seen attractive in practical terminal implementations but this does not necessary justify creation of new requirements. 
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Annex A. Link level simulation parameters

	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	Channel estimation
	The receiver knows the location of each ray on the channel a-priori, 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
	P=2 – i.e. 2 samples per chip at input to the receiver

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

	SRRC pulse shaping
	On

	Propagation channel update rate
	At least 16 chips

	HS-PDSCH Pilot-Data Ratio
	Estimated

	ACK/NACK feedback error rate
	0%

	Turbo decoding
	MaxLogMap – 8 iterations

	Receiver structure
	LMMSE chip-level equalizer

	Number of UE antennas
	1 or 2 (Fully uncorrelated fading between receiver branches.)

	Equaliser length
	40 taps (20 chips long with 2 samples per chip)

	Noise covariance matrix in equaliser
	TypeNi: Constructed from ideally known channel coefficients

TypeN: Noise variance assumed known

	OCNS levels
	According to [5]

	RV Sequence
	QPSK {0,2,5,6}, 16QAM {6,2,1,5}

	Scrambling Codes
	Serving cell: 0, Interfering cells: 16, 32, 48, 64,80 

	Fixed Channel Reference
	H-SET6 or AMC

	Propagation Conditions
	Pedestrian B 3km/h and Vehicular A 30km/h (Common for all cells)


Annex B. Link level numerical results for HSDPA+ R’99
In Table 13 the simulation results for Pedestrian B channel at 3kmh with a geometry factor of 0 dB are presented. 

Table 13 Simulation Results for PedB 3kmh, for geometry factor 0 dB

	Receiver and power control modelling

	Throughput (Kbps)

H-Set6 (QPSK)
	Throughput (Kbps) 

H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type2, NPC
	177
	748
	9
	262

	Type2i, NPC
	243
	884
	18
	369

	Type2,UPC
	150
	711
	6
	223

	Type2i, UPC
	213
	844
	12
	328


Table 14 presents the simulation results for Vehicular A channel at 30kmh with a geometry factor of 0 dB. 
Table 14 Simulation Results for VehA 30kmh, for geometry factor 0 dB

	Receiver and power control modelling

	Throughput (Kbps)

H-Set6 (QPSK)
	Throughput (Kbps) 

H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type2, NPC
	94
	751
	0
	135

	Type2i, NPC
	199
	975
	1
	283

	Type2,UPC
	73
	707
	0
	112

	Type2i, UPC
	164
	939
	0
	243


In Table 15the simulation results for Pedestrian B channel at 3kmh with a geometry factor of -3 dB are presented. 

Table 15 Simulation Results for PedB 3kmh, for geometry factor -3 dB

	Receiver and power control modelling

	Throughput (Kbps)

H-Set6 (QPSK)
	Throughput (Kbps) 

H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type2, NPC
	10
	229
	0
	16

	Type2i, NPC
	22
	320
	0
	33

	Type2, UPC
	9
	207
	0
	13

	Type2i, UPC
	20
	297
	0
	25


Table 14 presents the simulation results for Vehicular A channel at 30kmh with a geometry factor of -3 dB. 

Table 16 Simulation Results for VehA 30kmh, for geometry factor -3 dB

	Receiver and power control modelling

	Throughput (Kbps)

H-Set6 (QPSK)
	Throughput (Kbps) 

H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type2, NPC
	1
	140
	0
	1

	Type2i, NPC
	2
	285
	0
	3

	Type2, UPC
	0
	119
	0
	1

	Type2i, UPC
	2
	253
	0
	2


Annex C Link level numerical results for HSDPA-only
In Table 13 the simulation results for Pedestrian B channel at 3kmh with a geometry factor of 0 dB are presented. 

Table 17 Simulation Results for PedB 3kmh, for geometry factor 0 dB

	Receiver


	Throughput (Kbps)

H-Set6 (QPSK)
	Throughput (Kbps) 

H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type 2
	175
	747
	10
	26

	Type 2i
	243
	887
	16
	368


Table 14 presents the simulation results for Vehicular A channel at 30kmh with a geometry factor of 0 dB. 

Table 18 Simulation Results for VehA 30kmh, for geometry factor 0 dB

	Receiver
	Throughput (Kbps)

H-Set6 (QPSK)
	Throughput (Kbps) 

H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type 3
	91
	755
	0.2
	TBD

	Type 3i
	199
	971
	1.1
	279


In Table 13 the simulation results for Pedestrian B channel at 3kmh with a geometry factor of -3 dB are presented. 

Table 19 Simulation Results for PedB 3kmh, for geometry factor -3 dB

	Receiver
	Throughput (Kbps)

H-Set6 (QPSK)
	Throughput (Kbps) 

H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type 2
	11
	226
	0
	16

	Type 2i
	22
	322
	0
	31


Table 14 presents the simulation results for Vehicular A channel at 30kmh with a geometry factor of -3 dB. 

Table 20 Simulation Results for VehA 30kmh, for geometry factor -3 dB

	Receiver


	Throughput (Kbps)

H-Set6 (QPSK)
	Throughput (Kbps) 

H-Set6 (16QAM) 

	
	Ec/Ior (dB)
	Ec/Ior (dB)

	
	-6
	-3
	-6
	-3

	Type 3
	0.4
	140
	0
	[TBD]

	Type 3i
	2.2
	284
	0
	[TBD]


