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1 Introduction
HS-DPCCH design for 4C-HSDPCCH was discussed in RAN1#60 meeting. It was agreed to continue CM and link-level analysis and decide channelization structure for HS-DPCCH at RAN1#60bis. In this contribution, we provide link-level analysis of 2xSF256 and 1xSF128 schemes.
2 Discussion
2.1 Detection performance of 2xSF256 and 1xSF128 HS-DPCCH 
Simulations were made to evaluate the link-level HARQ-ACK performance of 2xSF256 and 1xSF128 HS-DPCCH design. The simulation assumptions are given in Table 1.
Table 1 Simulation assumptions

	Parameter
	Value

	Channel configuration 
	DPCCH；

HS-DPCCH1, corresponding to carrier 1 and carrier 2
HS-DPCCH2 , corresponding to carrier 3 and carrier 4

	Channel type
	AWGN, PA3, VA30

	HS-DPCCH schemes
	2xSF256，1xSF128

	HARQ-ACK codebook
	Rel-8 DC HARQ-ACK codebook

	Gain factor of HS-DPCCH: 
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	SF128 HS-DPCCH uses 3dB more than SF256 HS-DPCCH

	False alarm of non-DTX codewords
	1%, 10%, 30%, 100%

	TTI [ms]
	2ms

	Inter TTI ACK
	1

	N_acknack_transmit
	1


Notes: 
· HS-DPCCH1 and HS-DPCCH2 use CDM fashion for 2xSF256 scheme, and TDM fashion for 1xSF128 scheme, shown in figure 1 and 2.
· HS-DPCCH uses 3dB more power for 1xSF128 scheme to compensate the SF reduction. For this simulation, the quantization value of amplitude (power) is not considered.
· Only HARQ-ACK detection performances are provided. A/A codeword are transmitted in HARQ-ACK field of HS-DPCCH1 and HS-DPCCH2 all the time.
· HS-DPCCH1 and HS-DPCCH2 are decoded independently. As same codebook is used for HS-DPCCH1 and HS-DPCCH2, the decoding performance of each one should be the same.
· Mis-detection is defined as: one codeword being detected as other codewords or DTX.
· False alarm is defined as: DTX being detected as any non-DTX codewords.
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Figure 1 CDM of HS-DPCCH1 and HS-DPCCH2, 2xSF256 scheme
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Figure 2 TDM of HS-DPCCH1 and HS-DPCCH2, 1xSF128 scheme
The simulation results are shown from Figure 3 to 8,
	[image: image4.emf]AWGN,P

FA

=100%

0.001

0.01

0.1

1

-25 -24 -23 -22 -21 -20

rxEcvsN0

mis-detection

2xSF256

1xSF128 


Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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Figure 8


Observations:

· No obvious difference between 1xSF128 and 2xSF256 schemes can be observed if SF128 HS-DPCCH use 3dB power offset more than SF256 HS-DPCCH. In other words, SF128 HS-DPCCH requires 3 dB more power than each SF256 HS-DPCCH channel as expected.
2.2 Further analysis on power consumption
Both peak power and average power consumption of 2xSF256 and 1xSF128 schemes are compared for the following scenarios:
· Scenario 1: 4 carriers are activated, 

· A) Data is scheduled on 3 or  4 carriers

· B) Data is scheduled on carrier 1 and 2.
· Scenario 2: 3 carriers are activated, 

· Data is scheduled on 3 carriers, where carrier 3 is not configured with MIMO
· Scenario 3: 1 or 2 carriers are activated, 
· Data is scheduled on 1 or 2 carriers

The power consumption analysis of each scheme is shown in Figure 9 ~ 12.
Scenario 1A: 4 carriers are activated; data is scheduled on all 4 carriers
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 Figure 9  Power distribution of HARQ-ACK field, scenario 1A
Scenario 1B: 4 carriers are activated; data is scheduled on carrier 1 and 2.
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Figure 10  Power distribution of HARQ-ACK field, scenario 1B
Scenario 2: 3 carriers are activated and used, assuming that power offset is set per slot. Power of HS-DPCCH1 P1 is greater than power of HS-DPCCH2 P2.
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 Figure 11  Power distribution of HARQ-ACK field, scenario 2
Scenario 3: 2 carriers are activated and used, the power consumption should be the same as scenario 1B, shown in Figure 10. If repetition fashion is used for 1xSF128 scheme [2][3], i.e. HS-DPCCH2 = HS-DPCCH1, then the power distribution is shown in Figure 12. 
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 Figure 12  Power distribution of HARQ-ACK field, repetition 
Observations:

· 2xSF256 scheme outperforms 1xSF128 scheme in some scenarios like scenario 1B and scenario 2 from the aspect of power setting, while for the other scenarios are the same.
· For scenario 1B, 3dB more peak power is required for 1xSF128 as shown in Figure 10, which would counteract the CM advantage of 1xSF128.
· Consider the quantization value of amplitude, P1≈100.2×P2; hence, in scenario 2, 
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2.3 Further analysis on CM performance of HS-DPCCH designs
Simulation assumptions are given in Table 2,
Table 2 Simulation assumptions

	Channel
	Channelization code
	Gain factor

	DPCCH
	(Q,256,0)
	βc = 15/15

	HS-DPCCH1
	(Q,256,33) for 2xSF256

(Q,128,16) for 1xSF128
	15*βhs/βc = 
{15, 19, 24} for an SF256 HS-DPCCH.

{21, 27, 34} for an SF128 HS-DPCCH.

	HS-DPCCH2
	(I,256,33) for 2xSF256

	


Notes: No E-DCH is transmitted on the UL. 

The result is show as below:
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Figure 13  CM of 2xSF256 and 1xSF128, no DPDCH or E-DCH is transmitted
Observations:

· The CM value of 2xSF256 outperforms 1xSF128 by 0.5 ~ 0.7dB when no DPDCH or E-DCH is transmitted.

3 Conclusion 

Link level analysis of 1xSF128 and 2xSF256 schemes indicates that 2xSF256 scheme outperforms 1xSF128 in some scenarios. The CM simulation indicates that 2xSF256 would outperform 1xSF128 when no E-DCH is transmitted. Considering the CM advantage of 1xSF128 when E-DCH is transmitted with power level loss and CM loss when no E-DCH transmitting, a tradeoff should be made between 1xSF128 and 2xSF256.
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