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1. Introduction 
A Work Item for dual-cell HSDPA operation was approved in [1]. The document in [2] proposes to enlarge cell coverage and enhance stability of radio link with a new scheme that only one PDU (i.e. single stream mode) is transmitted with multi redundancy versions on both two carriers. In this document, we bring out the simulation results in a voip traffic scenario and make an analysis of the gain.
2. Simulation Results and Analysis
Option A:  voip traffic 
In this simulation, we divide one voip transport block equally into two blocks for dual stream mode, and the single stream mode means only one PDU is transmitted with multi redundancy versions on both two carriers. Obviously, all these two schemes supply a better user experience than the scheme of dual cell for different users. 
Simulation Parameters

Table 1: Simulation Assumptions for voip traffic
	Parameter
	Value

	TTI
	2ms

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	N_max_dpdch
	0

	Block Size [bits]
	[288, 688]

	Target Data Rate [Kbps]
	[144, 344]

	Number of Rx Antennas
	2

	Ior/Ioc [dB]
	-10~6 dB

	Number of UL HS-DPCCH channels
	1 or 2

	HS-DSCH Ec/Ior [dB]
	-2.0

	Channel Estimation
	Realistic

	Path Dealy
	Ideal

	Channel Model
	PA3  VA30

	Receiver Type
	LMMSE Receiver


Simulation Results
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figure 1: Dual Sream vs Single Stream for Voip 144Kbps in PA3
From figure1, at the point of 10% BLER, we can see a 4dB frequency diversity and redundancy version gain in single stream mode than in dual stream mode.
We evaluate the impact of single stream mode on the link budget in this contribution. Tables 2, 3, 4 and 5 compute the Maximum Allowed Path Loss (MAPL) for single stream and dual stream modes.The link budget is computed for a target BLER of 10%. Table 2, 3, 4 and 5 summarizes the loss in MAPL in dB and the corresponding reduction in cell size based on the Cost231-HATA Path Loss model.

Table 2: Link Budget Gain TBS 288; 2ms TTI; PA3
	Parameter
	Value

	Carrier Frequency[MHz]
	2000

	 TTI
	2ms

	Block Size [bits]
	288

	Number of Rx Antennas
	2

	Target BLER
	10％

	Eb/No gain per antenna[dB]
	4

	Difference in General MAPL 
	4

	Difference in Cell Size[m]
	1.2988

	Gain in Cell Size[%]
	29.9

	Gain in Coverage Area[10%]
	68.7
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figure 2: Dual Sream vs Single Stream for Voip 344Kbps in PA3

From figure2, at the point of 10% BLER, we can see a 3dB frequency diversity and redundancy version gain in single stream mode than in dual stream mode. The reduction in gain comes from the loss of decoding by transferring a bigger transport block size in single stream mode.
Table 3: Link Budget Gain TBS 688; 2ms TTI; PA3
	Parameter
	Value

	Carrier Frequency[MHz]
	2000

	TTI
	2ms

	Block Size [bits]
	688

	Number of Rx Antennas
	2

	Target BLER
	10％

	Eb/No gain per antenna[dB]
	3

	Difference in General MAPL 
	3

	Difference in Cell Size[m]
	1.2166

	Gain in Cell Size[%]
	21.7

	Gain in Coverage Area[10%]
	48.0
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figure 3: Dual Sream vs Single Stream for Voip 144Kbps in VA30

[image: image4.emf]0.001

0.01

0.1

1

-10 -8 -6 -4 -2 0 2 4 6

Ior/Ioc(dB)

BLER

dual stream single stream


figure 4: Dual Sream vs Single Stream for Voip 344Kbps in VA30

Table 4: Link Budget Gain TBS 288; 2ms TTI; VA30
	Parameter
	Value

	Carrier Frequency[MHz]
	2000

	TTI
	2ms

	Block Size [bits]
	288

	Number of Rx Antennas
	2

	Target BLER
	10％

	Eb/No gain per antenna[dB]
	2

	Difference in General MAPL 
	2

	Difference in Cell Size[m]
	1.1396

	Gain in Cell Size[%]
	14.0

	Gain in Coverage Area[10%]
	29.9


Table 5: Link Budget Gain TBS688; 2ms TTI; VA30
	Parameter
	Value

	Carrier Frequency[MHz]
	2000

	TTI
	2ms

	Block Size [bits]
	688

	Number of Rx Antennas
	2

	Target BLER
	10％

	Eb/No gain per antenna[dB]
	0.7

	Difference in General MAPL 
	0.7

	Difference in Cell Size[m]
	1.0468

	Gain in Cell Size[%]
	4.7

	Gain in Coverage Area[10%]
	9.6


From figure3 and figure4, at the point of 10% BLER, we can see there is less gain in VA30 than in PA3. By comparing figure1 with figure3, or figure2 with figure4, we can see there is 1dB frequency diversity gain in PA3 more than in VA30, which reduces the gain in single stream mode than in dual stream mode in VA30. 
Comparing with the scheme of dual streams mode in voip traffic, we can see a considerable gain in the scheme of a single stream mode from the simulation results. Although the gain in coverage comes from the loss in capacity, the scheme of a single stream mode greatly improves user experience and the reliability of radio link.

Table 6: Statistics of Link Budget Gain
	Block Size [bits]
	288/PA3

688/PA3

288/VA30

688/VA30



	Gain in Cell Size[%]
	29.9

21.7

14.0

4.7



	Gain in Coverage Area[10%]
	68.7

48.0

29.9

9.6



	Minimal Gain in Cell Size [10%]
	4.7

	Minimal Gain in Coverage Area[10%]
	9.6

	Average Gain in Cell Size [10%]
	17.6

	Averagel Gain in Coverage Area[10%]
	39.1


Option B  FRC(with different transmisson number)  

In this simulation, we divide one FRC transport block equally into two blocks for dual stream mode, and the single stream mode means only one PDU is transmitted with multi redundancy versions on both two carriers. The simulation parameters see table 2.
Simulation Parameters
Table 6: Simulation Assumptions for FRC traffic
	Parameter
	Value

	TTI
	2ms

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	N_max_dpdch
	0

	Block Size [bits]
	[7000]

	Target Data Rate [Kbps]
	[3500]

	Number of Rx Antennas
	2

	Ior/Ioc [dB]
	-6~12 dB

	Number of HS-PDSCH channels
	5

	Modulate Type
	16QAM

	HS-DSCH Ec/Ior [dB]
	-2.0

	Channel Estimation
	Realistic

	Path Dealy
	Ideal  

	Channel Model
	PA3  

	Receiver Type
	LMMSE Receiver


Simulation Results
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figure 5: max transmission number is 1, Dual Sream vs Single Stream for FRC 3500Kbps in PA3

From figure5, we can see in the domain that Ior/Ioc is lower than 5dB, the gain from decoding is more than the gain form frequency diversity, while in the domain that Ior/Ioc is higher than 5dB, the gain from frequency diversity is more than the gain form decoding. In all, at the point of 10% BLER, we can see a 1.5dB frequency diversity and redundancy version gain in single stream mode than in dual stream mode. 
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figure 6: max transmission number is 2, Dual Sream vs Single Stream for FRC 3500Kbps in PA3
From figure6, we can see in the domain that Ior/Ioc is lower than 2dB, the gain from decoding is more than the gain form frequency diversity, while in the domain that Ior/Ioc is higher than 2dB, the gain from frequency diversity is more than the gain form decoding. In all, at the point of 10% BLER, we can see a 2dB frequency diversity gain in single stream mode than in dual stream mode. 
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figure 7: max transmission number is 4, Dual Sream vs Single Stream for FRC 3500Kbps in PA3

From figure7, we can see in the domain that Ior/Ioc is lower than 2dB, the gain from decoding is more than the gain form frequency diversity, while in the domain that Ior/Ioc is higher than 2dB, the gain from frequency diversity is more than the gain form decoding. In all, at the point of 10% BLER, we can see a 2dB frequency diversity gain in single stream mode than in dual stream mode. 

From the above simulation results, we can see that single stream scheme used in DC-HSDPA comes with two gains, gains from frequency diversity and redundancy version. While on the other hand, it brings a decoding gain loss, as the block size of the same combined PDU in two carriers can not be adjusted according to channel fading. As in some certain scenario of voip traffic, the block size of voip is rather small, there is no more gain to divide one block into two, thus the loss of decoding gain is ignorable.
3. Conclusions
Proposal 1   The single stream scheme used in DC-HSDPA comes with two gains, gains from frequency diversity and redundancy version. on the other hand, it brings a coding gain loss, as the block size of the same combined PDU in two times than the normal DC mode. But in some certain scenario e.g. voip traffic, the block size of voip is rather small, there is no more gain to divide one block into two, thus the loss of coding gain is ignorable.

Proposal 2   Comparing with the scheme of dual streams mode in voip traffic, we can see a considerable gain in the scheme of a single stream mode from the simulation results. Although the gain in coverage comes from the loss in capacity, the scheme of a single stream mode greatly improves user experience and the reliability of radio link.
Proposal 3   System performances shall be estimated further. 
As a conclusion, we propose a single stream mode as a supplemental scheme in DC-HSDPA, and further, in certain cases such as voip traffic, or worse wireless environments, we prefer the scheme of a single stream mode.
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