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1
Introduction
In [1] we outlined the performance comparison between OFDMA and HSDPA based E-UTRA downlink. In this document, we list the detailed system assumptions and describe the advanced receiver techniques used for HSDPA. 
With HSDPA, due to the severe multipath present in the GSM Typical Urban (TU) channel, the performance of a Rake receiver is sub-optimal, especially in high C/I conditions.
In this document, different types of advanced receivers are considered:

· Type I – Rake with RxD

· Type II – Linear MMSE equalizer without RxD
· Type II+ – LMMSE equalizer + decision feedback (DFE) without RxD
· Type III – LMMSE equalizer with RxD.
2
System Setup
The system simulation assumptions are outlined in Table 1. 

	Parameter
	Explanation/Assumption

	Cellular layout
	19 Node-B, 3-cell sites

	Number of UEs per cell
	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
	Varied according to different center frequency

	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
	13 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
	Chase combining

	Number of retransmissions
	3

	Scheduling algorithm
	Proportional Fair

	BS total Tx power
	43 dBm

	HSDPA slot length
	2 msec

	MCS feedback delay
	2 TTIs

	MCS selection
	<=10% of the raw BLER

	Number of Rx antennas
	1 and 2

	Specific fast fading model
	Jakes spectrum

	Antenna correlation
	Urban macro as given in Table 5.1 in [2]

	Intercell interference modeling
	Serving cell modeled as multipath and spatially correlated processes with RxD

Remaining 56 cells modeled as single path Rayleigh fading

	Link to system interface
	10 AWGN curves listed in [3] used along with corresponding payload adjustment and Doppler adjustment for high velocity channel


Table 1

Simulation Assumptions

The TU channel power/delay profile is given in Table 2.

	Channel Model
	Path 1 (dB)
	Path 2 (dB)
	Path 3 (dB)
	Path 4 (dB)
	Path 5 (dB)
	Path 6 (dB)

	TU
	-3 
	0
	-2
	-6
	-8
	-10


Table 2

Power Profile

The deployment scenarios are listed in Table 3.

	Scenario
	Carrier Frequency

(GHz)
	Site-to-site Distance

(m)
	Penetration Loss

(dB)
	Speed (km/hr)
	Propagation Model

R in Km

	D1
	2 
	500
	20
	3
	L = 128.1 + 37.6 Log10(R)

	D2
	2 
	500
	10
	30
	L = 128.1 + 37.6 Log10(R)

	D3
	2 
	1732
	20
	3
	L = 128.1 + 37.6 Log10(R)

	D4
	0.9
	1000
	10
	3
	L = 120.9 + 37.6 Log10(R)


Table 3

Deployment Scenarios

Figure 1 shows the long term geometry distribution in different deployment scenarios. It is seen that for unicast transmissions, the long-term downlink C/I is always dominated by other cell interference. 
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Figure 1

Long term Geometry – CDF 
For HSDPA, a CDM scheduler with simultaneous transmissions for up to 3 UEs is considered. The transport formats are given in Table 4 to 6. A UE is scheduled with any one of these TFs.
Table 4

MCS with 5 OVSF Codes
	MCS Index
	Modulation
	Code Rate
	Information Bit Payload
	Rate Matching

	0
	QPSK
	1/3
	1600
	4800

	1
	QPSK
	1/2
	2400
	4800

	2
	QPSK
	2/3
	3200
	4800

	3
	QPSK
	3/4
	3600
	4800

	4
	QPSK
	4/5
	3840
	4800

	5
	16QAM
	1/3
	3200
	9600

	6
	16QAM
	1/2
	4800
	9600

	7
	16QAM
	2/3
	6400
	9600

	8
	16QAM
	3/4
	7200
	9600

	9
	16QAM
	4/5
	7680
	9600


Table 5

MCS with 10 OVSF Codes
	MCS Index
	Modulation
	Code Rate
	Information Bit Payload
	Rate Matching

	10
	QPSK
	1/3
	3200
	9600

	11
	QPSK
	1/2
	4800
	9600

	12
	QPSK
	2/3
	6400
	9600

	13
	QPSK
	3/4
	7200
	9600

	14
	QPSK
	4/5
	7680
	9600

	15
	16QAM
	1/3
	6400
	19200

	16
	16QAM
	1/2
	9600
	19200

	17
	16QAM
	2/3
	12801
	19200

	18
	16QAM
	3/4
	14400
	19200

	19
	16QAM
	4/5
	15360
	19200


Table 6

MCS with 15 OVSF Codes
	MCS Index
	Modulation
	Code Rate
	Information Bit Payload
	Rate Matching

	20
	QPSK
	1/3
	4800
	14400

	21
	QPSK
	1/2
	7200
	14400

	22
	QPSK
	2/3
	9600
	14400

	23
	QPSK
	3/4
	10800
	14400

	24
	QPSK
	4/5
	11520
	14400

	25
	16QAM
	1/3
	9600
	28800

	26
	16QAM
	1/2
	14400
	28800

	27
	16QAM
	2/3
	19200
	28800

	28
	16QAM
	3/4
	21601
	28800

	29
	16QAM
	4/5
	23041
	28800


The reference AWGN BLER curves used in link to system interface are given in Figure 2-3.
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Figure 2

AWGN Link Performance – QPSK 
[image: image3.emf]Reference BLER Curves, AWGN, 16QAM
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Figure 3

AWGN Link Performance – 16-QAM
3
Advanced Receivers

3.1
Type I receiver – Rake with RxD
For Type I receiver, we assume the maximal ratio combining across fingers and spatial MMSE combining across antennas. Consider the scenario with 1 Tx antenna and N receive antennas. Assuming Cx1 sampling at the receiver:
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The output SNR can be derived as
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Where 
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and T denotes the transpose. The noise covariance matrix 
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can be derived as the summation of self-multipath interference 
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 denotes the mth path from Tx antenna in ith cell to the nth Rx antenna at the UE, 
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is the Tx power on HS-DSCH and 
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 is the total orthogonal power. Note that both 
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 and 
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 are normalized by the bandwidth. 
3.2
Type II and III receiver – LMMSE with and without RxD
As in Section 3.1 the received Cx1 sampling can be written as:
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Let E be the span of the equalizer measured in units of the chip period. Then:


[image: image21.wmf]4

4

3

4

4

2

1

M

M

M

4

4

4

3

4

4

4

2

1

M

M

M

4

4

4

4

4

4

4

3

4

4

4

4

4

4

4

2

1

L

M

L

M

L

M

L

4

4

3

4

4

2

1

M

M

M

)

(

1

1

)

(

1

1

1

1

)

(

1

1

)

1

(

)

(

)

1

(

)

(

)

2

(

)

2

(

)

1

(

)

(

)

0

(

)

1

(

)

0

(

)

1

(

)

0

(

)

1

(

)

0

(

)

1

(

)

1

(

)

(

)

1

(

)

(

k

N

N

k

N

N

N

N

k

N

N

E

k

n

k

n

E

k

n

k

n

L

E

K

x

k

x

k

x

k

x

h

L

h

h

L

h

h

L

h

h

L

h

E

k

y

k

y

E

k

y

k

y

n

H

y

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

-

+

-

+

+

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

-

+

+

+

+

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

-

-

-

-

=

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

-

+

-

+

x


If we write 
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where D is the equalizer decision delay, the equalizer output SNR can be derived as 
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(3.2.1)
wherein 
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 is the noise + interference covariance matrix, 
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 is the Tx power on HS-DSCH and 
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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: image31.wmf]i
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 takes a similar form as 
[image: image32.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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i

h

ji

,

,

1

,

L

=

 is the single path Rayleigh fading from Tx antenna in jth cell to the ith Rx antenna at the UE.
3.3 Type II+ receiver – LMMSE + DFE without RxD  

3.3.1
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 (3.2.1)

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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  for 16-QAM modulation

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: image43.wmf]a

, computed as follows:  
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where
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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 case there are unused OVSF code(s), the remaining BTS power (excluding traffic and CPICH) is treated as half QPSK and half 16QAM (
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5. Recompute the receiver SNR after DFE as:
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6. If a UE is scheduled, it reports the SNR with LMMSE+DFE. Otherwise, it reports the LMMSE SNR.
3.3.2

Link-System Calibration

In Table 7, we show the link-system calibration phase results with TU30.
	MCS Index
	Geometry (dB)
	Traffic Ec/Ior (dB)
	BLER w/o DFE – sys/link
	BLER w/ DFE –   sys/link

	20
	3
	-1
	0.26/0.24
	0.20/0.18

	20
	8
	-6
	0.34/0.36
	0.18/0.21

	23
	10
	-1
	0.26/0.29
	0.18/0.17

	23
	15
	-6
	0.49/0.55
	0.21/0.23

	24
	11
	-1
	0.26/0.28
	0.17/0.14

	24
	16
	-6
	0.52/0.53
	0.20/0.17

	26
	12
	-1
	0.34/0.44
	0.31/0.41

	26
	16
	-5
	0.52/0.62
	0.36/0.44

	28
	16
	-1
	0.56/0.64
	0.44/0.43


Table 7 
Link-System Calibration Results

5
References
[1] R1-050906, System Evaluation of Rel-6 Type I, WCDMA and OFDMA based E-UTRA Downlink, Qualcomm Europe
[2] 3GPP TR 25.996, SCM for MIMO Simulations
[3] 3GPP TR 25.892, Feasibility Study of OFDM for UTRAN Enhancement
_1185889622.unknown

_1185892664.unknown

_1185893480.unknown

_1185893964.unknown

_1185894269.unknown

_1185893902.unknown

_1185892700.unknown

_1185892940.unknown

_1185889764.unknown

_1185891455.unknown

_1185892580.unknown

_1185891423.unknown

_1185889646.unknown

_1185889655.unknown

_1185889669.unknown

_1179092202.unknown

_1180197155.unknown

_1185889290.unknown

_1185889566.unknown

_1185889497.unknown

_1180380761.unknown

_1180380791.unknown

_1180197229.unknown

_1180197258.unknown

_1179920696.unknown

_1180197042.unknown

_1180197126.unknown

_1179926025.unknown

_1179920925.unknown

_1179920219.unknown

_1179920666.unknown

_1179920205.unknown

_1179092341.unknown

_1176213212.unknown

_1176410507.unknown

_1176410583.unknown

_1176410259.unknown

_1176221821.unknown

_1176212981.unknown

_1176213196.unknown

_1176212191.unknown

_1164214797.unknown

