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1
Introduction
The Dual-Cell HSDPA (DC-HSDPA) study item (SI) was opened recently [1]. The key system performance benefits of this feature are captured in [2]. The underlying assumption in this study item is that the user’s uplink transmission is restricted to a single cell. A physical layer aspect with regard to this feature is that the uplink control channel (HS-DPCCH) carries the ACK/NACK and CQI information of multiple cells from the UE to the NodeB on a single carrier. In a previous contribution [3] the design objectives for the 2nd HS-DPCCH was presented and the choice of I/Q multiplexing the 2nd HS-DPCCH was motivated. Cubic metrics were computed for various configurations for the I/Q multiplexing design and are summarized in [4]. 

In accordance with the proposed HS-DPCCH design, we evaluate the impact of transmitting the 2 HS-DPCCH channels on the uplink on the link budget in this contribution.

2
Simulation Assumptions
Table 1 lists the simulation assumptions used in the Link Budget Analysis. Since the simulation is intended to determine the link budget (Maximum Allowed Path Loss), we turn off power control and for each target data rate considered; we determine the required Ec/No. The PA3 channel was chosen, since it is known to be the most challenging scenario in the absence of power control.
Table 1: Simulation Assumptions for Link Budget Analysis

	Parameter
	Value

	TTI
	2ms

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	N_max_dpdch
	0

	E-TFC Block Size [bits]
	[120 256 307]

	Target Data Rate
	[15 32 38.4]

	Number of Rx Antennas
	2

	Ec/Nt [dB]
	-25~-5 dB

	Number of UL HS-DPCCH channels
	1 or 2

	E-DPDCH T/P [dB]
	[0 2.9 2.9]

	E-DPCCH C/P [dB]
	1

	HS-DPCCH C/P [dB]
	0dB (1 HS) or 3dB (2 HS)

	Channel Estimation
	Realistic

	Channel Model
	PA3

	Receiver Type
	Rake Receiver

	PC
	OFF


3
Simulation Results

Figures 1 and 2 illustrate the E-DPDCH BLER v/s Ec/Nt (combined across 2 Rx antennas) for the different transport block sizes for single carrier and dual carrier modes respectively in the PA3 channel with power control turned off. This corresponds to the worst case for the purpose of coverage or link budget analysis. Single carrier mode implies that a single HS-DPCCH channel is configured while dual carrier mode implies that 2 HS-DPCCH channels are configured.
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Figure 1: BLER v/s Ec/Nt (Combined Across 2 Rx Antennas);       Figure 2: BLER v/s Ec/Nt (Combined Across 2 Rx Antennas);

  2ms TTI, PA3, PC OFF Single Carrier 






2ms TTI, PA3, PC OFF; Dual Carrier

The difference in the BLER curves in Figures 1 and 2 come from the differences in the Ec/Nt in the single and dual carrier modes. Ec/Nt (combined across two antennas) is computed as 
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where 
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 is the chip SINR, 
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is the E-DPDCH T/P, 
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 is the E-DPCCH C/P and 
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Note that the HS-DPCCH C/P is 3dB higher in dual carrier mode as compared to single carrier mode. 

4
Link Budget Analysis
Based on the BLER curve determined in Section 3, we perform a link budget comparison for single and dual carrier modes for different packet sizes. A similar link budget analysis was performed in [5] and [6]. The link budget impact due to DC-HSPA arises due to the increase in 
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 and the increase in cubic metric for the configurations that are considered. According to [7], the Cubic Metric is computed as 
CM = CEIL {x, 0.5} which means that the simulated result is rounded upwards to the closest 0.5dB.
The Maximum Power Reduction (MPR) [dB] = MAX (CM-1, 0).
For the configurations listed in Table 1, we compute the rounded CM for the single and dual carrier modes from simulations as 
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Tables 2, 3 and 4 compute the Maximum Allowed Path Loss (MAPL) for single and dual carrier modes for TBS = [120 256 307] for 2ms TTI for 90% coverage area. The link budget is computed for a target BLER of 1%. Table 5 summarizes the loss in MAPL in dB and the corresponding reduction in cell size based on the Urban Macro Cell Path Loss model.
Table 2: Link Budget Comparison, N_max_dpdch=0, TBS 120; 2ms TTI
[image: image10.emf]Target BLER = 1%

UpLink Budget Baseline DC-HSPA

Carrier Frequency [MHz] 1900 1900

TTI [ms] 2 2

Transport Block Size [bits] 120 120

RX Ant 2 2

Target Number of H-ARQ Transmissions 4 4

Number UL HS-DPCCH codes 1 2

E-DPCCH/DPCCH Power Ratio [dB] 1 1

HS-DPCCH/DPCCH Power Ratio [dB] 0 3

Target Data Rate [kbps] 15 15

Effective Data Rate [kbps]

20.6 20.6

RF Symbol Rate [Msps]

3.84 3.84

Cubic metric [dB]

2.00 2.50

Maximum Power Reduction (MPR) [dB]

1.00 1.50

Max MS Tx [Watts]

0.100 0.089

Max MS Tx [dBm]

20.0 19.5

MS Antenna Gain [dBi]

0.0 0.0

Body Loss [dB]

3.0 3.0

EIRP [Watts]

0.05 0.04

EIRP [dBm]

17.0 16.5

BTS Antenna Gain [dBi]

18.0 18.0

BTS Rx Cable Loss [dB]

3.0 3.0

BTS Noise Figure [dB]

5.0 5.0

BTS Rx Noise Power [dBm/Hz] -169.0 -169.0

Interference Margin [dB] 5.2 5.2

BTS Rx Interference Power [dBm/Hz] -165.3 -165.3

Rx Noise+Interference Power [dBm/Hz] -163.8 -163.8

Eb/No per antenna [dB]

5.07 5.98

Ec/No per antenna [dB]

-14.63 -13.72

BTS Rx Sensitivity [dBm]

-115.6 -114.7

Cell Edge Confidence [%]

90% 90%

Log Normal Fading Margin [dB]

8.9 8.9

Shadowing Margin with Hard Handoff [dB]

11.4 11.4

Handoff/Diversity Gains [dB]

1.0 1.0

Effective Shadowing Margin [dB]

10.4 10.4

General MAPL [dB]

137.17 135.76

Difference [dB]

1.42

Cell Size [m]

1743.13

1598.34

Difference in Cell Size [m]

144.79

% Reduction in Cell Size

8.31


Table 3: Link Budget Comparison, N_max_dpdch=0, TBS 256; 2ms TTI
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UpLink Budget Baseline DC-HSPA

Carrier Frequency [MHz] 1900 1900

TTI [ms] 2 2

Transport Block Size [bits] 256 256

RX Ant 2 2

Target Number of H-ARQ Transmissions 4 4

Number UL HS-DPCCH codes 1 2

E-DPCCH/DPCCH Power Ratio [dB] 1 1

HS-DPCCH/DPCCH Power Ratio [dB] 0 3

Target Data Rate [kbps] 32 32

Effective Data Rate [kbps]

43.6 43.6

RF Symbol Rate [Msps]

3.84 3.84

Cubic metric [dB]

2.00 2.50

Maximum Power Reduction (MPR) [dB]

1.00 1.50

Max MS Tx [Watts]

0.100 0.089

Max MS Tx [dBm]

20.0 19.5

MS Antenna Gain [dBi]

0.0 0.0

Body Loss [dB]

3.0 3.0

EIRP [Watts]

0.05 0.04

EIRP [dBm]

17.0 16.5

BTS Antenna Gain [dBi]

18.0 18.0

BTS Rx Cable Loss [dB]

3.0 3.0

BTS Noise Figure [dB]

5.0 5.0

BTS Rx Noise Power [dBm/Hz] -169.0 -169.0

Interference Margin [dB] 5.2 5.2

BTS Rx Interference Power [dBm/Hz] -165.3 -165.3

Rx Noise+Interference Power [dBm/Hz] -163.8 -163.8

Eb/No per antenna [dB]

2.63 3.40

Ec/No per antenna [dB]

-13.81 -13.04

BTS Rx Sensitivity [dBm]

-114.8 -114.0

Cell Edge Confidence [%]

90% 90%

Log Normal Fading Margin [dB]

8.9 8.9

Shadowing Margin with Hard Handoff [dB]

11.4 11.4

Handoff/Diversity Gains [dB]

1.0 1.0

Effective Shadowing Margin [dB]

10.4 10.4

General MAPL [dB]

136.35 135.08

Difference [dB]

1.26

Cell Size [m]

1657.05

1533.74

Difference in Cell Size [m]

123.30

% Reduction in Cell Size

7.44


Table 4: Link Budget Comparison, N_max_dpdch=0, TBS 307; 2ms TTI
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UpLink Budget Baseline DC-HSPA

Carrier Frequency [MHz] 1900 1900

TTI [ms] 2 2

Transport Block Size [bits] 307 307

RX Ant 2 2

Target Number of H-ARQ Transmissions 4 4

Number UL HS-DPCCH codes 1 2

E-DPCCH/DPCCH Power Ratio [dB] 1 1

HS-DPCCH/DPCCH Power Ratio [dB] 0 3

Target Data Rate [kbps] 38.375 38.375

Effective Data Rate [kbps]

48.1 48.1

RF Symbol Rate [Msps]

3.84 3.84

Cubic metric [dB]

2.00 2.50

Maximum Power Reduction (MPR) [dB]

1.00 1.50

Max MS Tx [Watts]

0.100 0.089

Max MS Tx [dBm]

20.0 19.5

MS Antenna Gain [dBi]

0.0 0.0

Body Loss [dB]

3.0 3.0

EIRP [Watts]

0.05 0.04

EIRP [dBm]

17.0 16.5

BTS Antenna Gain [dBi]

18.0 18.0

BTS Rx Cable Loss [dB]

3.0 3.0

BTS Noise Figure [dB]

5.0 5.0

BTS Rx Noise Power [dBm/Hz] -169.0 -169.0

Interference Margin [dB] 5.2 5.2

BTS Rx Interference Power [dBm/Hz] -165.3 -165.3

Rx Noise+Interference Power [dBm/Hz] -163.8 -163.8

Eb/No per antenna [dB]

2.13 2.89

Ec/No per antenna [dB]

-13.88 -13.12

BTS Rx Sensitivity [dBm]

-114.8 -114.1

Cell Edge Confidence [%]

90% 90%

Log Normal Fading Margin [dB]

8.9 8.9

Shadowing Margin with Hard Handoff [dB]

11.4 11.4

Handoff/Diversity Gains [dB]

1.0 1.0

Effective Shadowing Margin [dB]

10.4 10.4

General MAPL [dB]

136.42 135.16

Difference [dB]

1.26

Cell Size [m]

1664.27

1541.00

Difference in Cell Size [m]

123.27

% Reduction in Cell Size

7.41


Table 5: Link Budget Comparison: Summary of Results
	TBS
	Effective Data Rate [kbps]
	MAPL Loss [dB]
	% difference in cell size (Macro Cell Path Loss model)

	120
	20.6
	1.42
	8.31

	256
	43.6
	1.26
	7.44

	307
	48.1
	1.26
	7.4


5 
Conclusions
A link budget comparison was performed in Section 4 when the UE operates in single and dual carrier modes and the results are summarized in Table 5 for TBS = [120 256 307]. The simulation parameters are given in Section 2 and correspond to Best Effort settings. The impact to the link budget comes from the transmission of the additional HS-DPCCH channel and the increase in CM. Note that the packet sizes considered here correspond to low rate users and the link budget impact is around 7-8% in terms of cell size reduction. If the coverage of higher data rates is considered, then the coverage impact is insignificant since the T/Ps and the overhead channels considered would be higher and the impact of the CM due to the additional HS-DPCCH channel would not be significant
It is important to understand these results in the context of the potential applications that are likely to be employed for DC-HSPA. For instance, it is not expected that VOIP or other real-time services would be used in DC-HSPA even though the coverage impact of dual carrier modes in such applications is much lower (due to the higher T/P‘s used to ensure shorter transmission times and better link efficiency). Indeed it is expected that non real-time data services are likely to be the target applications for DC-HSPA. For such applications, we consider that the uplink throughput would be more than adequate to support the downlink throughputs that can be obtained at the cell-edge in dual carrier mode. Furthermore, if the UE does indeed become headroom limited due to dual carrier operation, then the network could always de-allocate the supplementary carrier and operate in single carrier mode.
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