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1
Introduction
In [1], we discussed the link performance of R6 HSDPA with an advanced receiver, viz., FDE plus DFE. The system performance shown in [2] assumes a linear MMSE receiver. 
In this document, we evaluate the performance of HSDPA with a Type II+ (FDE+DFE) receiver.
2
Simulation Assumptions
The following scenarios are evaluated:

· Use of LMMSE vs. LMMSE+DFE
· Different site-to-site distance with different penetration loss

· No Rx diversity
· No transmit diversity (STTD or CLTD mode 1)

· No MIMO

The rest of the simulation assumptions are outlined in Table 1.
	Parameter
	Explanation/Assumption

	Cellular layout
	19 Node-B, 3-cell sites

	Number of UEs per sector
	10 UEs 

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	Site to site distance
	Varied according to different link budget

	Propagation model
	L = 128.1 + 37.6 Log10(R)

	CPICH power
	-10 dB

	Other common channels
	-10 dB

	Power allocated to HSDPA transmission, including associated signalling
	Max. 80 % of total cell power

	Slow fading
	Log normal distribution

	Standard deviation of slow fading
	8 dB

	Correlation between sectors
	1.0

	Correlation between sites
	0.5

	Carrier frequency
	2000 MHz

	BS antenna gain
	14 dB

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Penetration loss
	Varied according to different link budget

	Thermal noise density
	-174 dBm/Hz

	Fast HARQ scheme
	Incremental redundancy

	Number of retransmissions
	3

	Scheduling algorithm
	Proportional Fair

	BS total Tx power
	Up to 44 dBm

	HSDPA slot length
	2 msec

	MCS feedback delay
	2 TTIs

	MCS selection
	<=10% of the raw BLER

	Number of Rx antennas
	1 

	Specific fast fading model
	Jakes spectrum

	Antenna correlation
	Urban macro as given in Table 5.1 in [4]

	Intercell interference modeling
	3 strongest interfering cells modeled as mulitpath and spatially correlated processes with RxD
Remaining 53 cells modeled as single path Rayleigh fading

	Link to system interface
	Static AWGN curve used along with corresponding payload adjustment, code rate adjustment, modulation adjustment and Doppler adjustment


Table 1

Simulation Assumptions
The channel delay and power profiles are fixed for each specific channel model as given in Table 2.
	Channel Model
	Path 1 (dB)
	Path 2 (dB)
	Path 3 (dB)
	Path 4 (dB)
	Path 5 (dB)
	Path 6 (dB)

	ITU Veh A
	-3.14
	-4.14
	-12.14
	-13.14
	-18.14
	-23.14

	ITU Ped B
	-3.92
	-4.82
	-8.82
	-11.92
	-11.72
	-27.82


Table 2

Normalized Power Profile
The deployment scenarios are listed in Table 3.

	Scenario
	Carrier Frequency 
	Site-to-site Distance 
(m)
	Penetration Loss 
(dB)

	LB - I
	2 GHz
	500
	20

	LB - II
	2 GHz
	500
	10

	LB - III
	2 GHz
	1732
	20

	LB - IV
	2 GHz
	2800
	10


Table 3

Deployment Scenarios
3
Simulation Results
3.1
System performance with LMMSE + DFE
Table 4 shows the results with LMMSE and DFE with link budget IV. In Appendix A.1, we outline the details of DFE mapping in system level simulations.
	Link Budget
	Channel Model
	LMMSE

(Mbps)
	LMMSE+DFE

 (Mbps)
	Gain with DFE (%)

	LB - IV
	PB 3
	4.84
	5.47
	13%

	LB - IV
	VA 30
	2.69
	3.07
	14%


Table 4

LMMSE vs. LMMSE+DFE – LB IV
It is seen that the use of a Type II+ receiver improves the system capacity by 14% compared to Type II.
The initial BLER and residual BLER are shown in Figures 2 and 3. The fairness results are shown in Figures 4 and 5. 
It can be seen that the fairness remains the same in all scenarios.
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Figure 2

Initial BLER – LB IV
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Figure 3

Residual BLER – LB IV
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Figure 4

Fairness – PB3 – LB IV
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Figure 5

Fairness – VA30 – LB IV 
3.2
System Performance in Other Deployment Scenarios
Figure 6 shows the long term geometry distribution in different scenarios. It is seen that for unicast transmissions, the downlink C/I is always dominated by other cell interference. 
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Figure 6

Long term geometry distribution with different link budgets 

With such a similar geometry distribution and a PF scheduler, one should expect the system performance in different scenarios to be fairly close to each other. 
This observation is validated in Table 5. Note that all these results are with LMMSE+DFE.
	Channel Model
	LB – I 
(Mbps)
	LB – II 
(Mbps)
	LB – III (Mbps)
	LB – IV (Mbps)

	PB 3 
	5.59
	5.66
	5.50
	5.47

	VA 30 
	3.09
	3.05
	3.09
	3.07


Table 5

System Performance
The initial and residual BLER results are shown in Figures 7 and 8.

The fairness results are shown in Figures 9 and 10. 
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Figure 7

Initial BLER
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Figure 8

Residual BLER
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Figure 9

Fairness – PB3 
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Figure 10

Fairness – VA30 

4
Conclusions
In this document, we showed the system performance of HSDPA with Receiver Type II+.  The results presented here do not include the benefits associated with UE dual antenna receive diversity.
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A.1
LMMSE+DFE Receiver Description

A.1.1 
Linear MMSE receiver
Consider the scenario with 1 Tx antenna and N receive antennas. Assuming Cx1 sampling at the receiver:
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Let E be the span of the equalizer measured in units of the chip period. Then:
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In this simulation, the equalizer window size E is chosen to be 3L and the decision delay D is 2L-1. If we write 
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the equalizer output SNR can be derived as 
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(A.1.1.1)


wherein 
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 is the noise + interference covariance matrix and P is the Tx power on HS-DSCH. 

In order to derive 
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 we can write the received signal as:
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For those cells whose fading needs to be fully modeled,  
[image: image17.wmf]i
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 takes a similar form as 
[image: image18.wmf]H

 while the remaining cells are modeled as single path from the transmit antenna to any one of the receive antennas with the variance modeled based on a flat Rayleigh fading process. If we assume B is the fading set in which the fading has to be fully modeled and C is the set where the fading is only modeled as single path, we have
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where 
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 is the single path Rayleigh fading from Tx antenna in jth cell to the ith Rx antenna at the UE.

A.1.2 
Modeling of DFE at receiver

The following steps are involved to calculate the receiver SNR with DFE.

1. Compute the LMMSE SNR as given in Equation (A.1.1.1)

2. Compute the symbol SNR as 
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 is the number of traffic OVSF codes

3. Compute 
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  for QPSK modulation

b. 
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Both 
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 are MCS dependent and 
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is the standard error function.

4. Modify the multipath interference term by the correction factor 
[image: image29.wmf]a

, computed as follows:  
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 is the cancellation factor for traffic 
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 which could be either with QPSK or 16QAM. Note that in the case when we have unused walsh code(s), the remaining BTS power (excluding traffic and CPICH) is treated as half on QPSK and half on 16QAM (
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5. Recompute the receiver SNR after DFE as:
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A.1.3

Link-System Calibration
In Table 6, we show the link-system calibration phase results.
	G [dB]
	MCS Index
	BLER w/o DFE - link
	BLER w/ DFE - link
	Ec/Ior– link [dB]
	BLER w/o DFE-system
	BLER w/ DFE-system
	Ec/Ior–system [dB]

	10
	8
	0.06
	0.032
	-12
	0.051
	0.0273
	-11.33

	10
	14
	0.29
	0.17
	-7
	0.29
	0.17
	-6.65

	13
	21
	0.16
	0.09
	-1
	0.164
	0.095
	-1

	16.12
	21
	0.17
	0.06
	-3.34
	0.173
	0.068
	-3.14

	16.12
	23
	0.36
	0.16
	-2
	0.355
	0.198
	-2.15

	16.12
	25
	0.59
	0.35
	-1
	0.59
	0.43
	-1.4


Table 6 
Link-System Calibration Results
The MCS entries are listed in Table 7.
	MCS_ID
	Information bits (including CRC)
	Modulation
	Number of codes

	8
	931
	QPSK
	2

	14
	3319
	QPSK
	5

	21
	7168
	16-QAM
	5

	23
	11418
	16-QAM
	8

	25
	17300
	16-QAM
	12


Table 7
 MCS for Calibration 
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