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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 well captured in [2] and [3]. In this contribution, we further discuss an attractive HS-DPCCH design option which has the least significant impact to cubic metric values. Furthermore, we bring out the simulation results of HS-DPCCH detection, in order to analyze the impact when there exists a frequency offset.
2
HS-DPCCH Design Objective

The HS-DPCCH design objective can be summarized as follows:

· Keep the frame format of existing HS-DPCCH channel untouched
· Reuse existing channel coding design for DPCCH, E-DPCCH or HS-DPCCH etc
· Backward compatible:

· Revert to existing single cell HS-DPCCH design when only a single cell is scheduled on the DL.

· Ensure that there is no significant impact to link budget.
· Ensure that in the case of frequency offset, there is no significant impact to the detection performance of ACK/NACK and CQI.

· Ensure that there is no significant impact to cubic metric (CM) and peak to average power (PAPR) ratios.

3
HS-DPCCH Design Assumptions

Power settings for different block size:
· We made a reasonable assumption that there is an optimal power setting for a specified block size, as defined in protocol, which can achieve a better throughput performance than other schemes.

Number of dedicated channels:

· We assume at most 1 dedicated channel is supported on the UL when a UE operates in DC-HSDPA mode.
In the next section we present a simple and attractive solution to the HS-DPCCH design problem for DC-HSDPA.
4
HS-DPCCH Design using 2nd HS-DPCCH on the Q branch
The design approach taken here is to try and send the 2nd HS-DPCCH on the opposite branch of the existing E-DPCCH and preferably use the same OVSF code as the existing E-DPCCH. The 2nd HS-DPCCH is coded in an identical manner as in legacy Release 7.

We first investigate the possible channelization code indices that can be used for this 2nd HS-DPCCH under the different case scenarios (different N_max_dpdch) as shown in Table 1.

Table 1: Worst Case Code consumption for different N_max_dpdch

	N_max_dpdch
	UL Channels
	Code Usage
	I
	Q

	0
	4 E-DPDCH (2SF2+2SF4) +

1 E-DPCCH +

1 DPCCH +

1 HS-DPCCH
	Used
	E-DPDCH1 Cch,2,1

E-DPDCH3 Cch,4,1

E-DPCCH  Cch,256,1
	DPCCH  Cch,256,0

E-DPDCH2 Cch,2,1

E-DPDCH4 Cch,4,1

HS-DPCCH Cch,256,33

	
	
	Avail. for HS2, Cch,256,n
	0≤n ≤63, n ≠ 1
	1≤n ≤63, n ≠ 33

	1
	1 DPDCH +

2 E-DPDCH (2xSF2) +

1 E-DPCCH +

1 DPCCH + 

1 HS-DPCCH
	Used
	DPDCH Cch,4,1

E-DPDCH2 Cch,2,1

E-DPCCH  Cch,256,1
	DPCCH  Cch,256,0

E-DPDCH2 Cch,2,1

HS-DPCCH Cch,256,64

	
	
	Avail. for HS2, Cch,256,n
	0≤n ≤63, n ≠ 1
	1<=n<=127, n ≠ 64

	2,4,6
	6 DPDCH +

1 DPCCH +

1 HS-DPCCH
	Used
	DPDCH1 Cch,4,1

DPDCH3 Cch,4,3

DPDCH5 Cch,4,2

HS-DPCCH Cch,256,1
	DPCCH  Cch,256,0

DPDCH2 Cch,4,1

DPDCH3 Cch,4,3

DPDCH6 Cch,4,2

	
	
	Avail. for HS2, Cch,256,n
	0≤n ≤63, n ≠ 1
	1≤n ≤63

	3,5
	5 DPDCH +

1 DPCCH +

1 HS-DPCCH
	Used
	DPDCH1 Cch,4,1

DPDCH3 Cch,4,3

DPDCH5 Cch,4,2
	DPCCH  Cch,256,0

DPDCH2 Cch,4,1

DPDCH3 Cch,4,3

HS-DPCCH Cch,256,32

	
	
	Avail. for HS2, Cch,256,n
	0≤n ≤63
	1≤n ≤63, n ≠ 32)

Or 128 ≤ n ≤ 191


5
Cubic Metric Analysis of proposed scheme

In the cubic metric analysis presented here, we have brought out simulation results of cubic metric values with different code and channel allocation for the second HS-DPCCH in DC-HSDPA[4].

Depending on N_max_dpdch, the 1st HS-DPCCH is still sent as before on the following channelization codes:

N_max_dpdch = 1
· Cch,256,64 on Q
To compare the performance, we also tried sending the 2nd HS-DPCCH on the following channelization codes: 
N_max_dpdch = 1

· Cch,256,32 on Q

· Cch,256,33 on I
· Cch,256,1 on Q
Table 2 lists the different simulation parameter settings performed in this analysis. The results obtained are categorized into 48 cases as shown in the following.
Table 2: CM Analysis of non boosting situation, N_max_dpdch = 1
	Case
	N_max_dpdch

	TBS [bits]

[SF]
	βhs
	Max CM [dB]

Dual HS-DPCCH

	
	
	
	
	256,64, I 256,32,Q
	256,64, Q 256,33, I
	256,64, Q 256,1,Q

	1
	1
	2798 (2xSF4)
15*βed/ βc =42

15*βec/ βc =19
	15
	2.032
	2.109
	2.036

	2
	
	
	19
	2.190
	2.251
	2.187

	3
	
	
	24
	2.400
	2.396
	2.377

	4
	
	2798 (2xSF4)
15*βed/ βc =42

15*βec/ βc =24
	15
	2.116
	2.226
	2.120

	5
	
	
	19
	2.244
	2.353
	2.240

	6
	
	
	24
	2.418
	2.484
	2.397

	7
	
	2798 (2xSF4)
15*βed/ βc =47

15*βec/ βc =19
	15
	1.842
	1.905
	1.846

	8
	
	
	19
	2.072
	2.054
	2.002

	9
	
	
	24
	2.224
	2.219
	2.203

	10
	
	2798 (2xSF4)
15*βed/ βc =47

15*βec/ βc =24
	15
	1.938
	2.024
	1.940

	11
	
	
	19
	2.005
	2.160
	2.068

	12
	
	
	24
	2.256
	2.310
	2.239

	13
	
	2798 (2xSF4)
15*βed/ βc =30

15*βec/ βc =19
	15
	2.494
	2.634
	2.501

	14
	
	
	19
	2.620
	2.725
	2.399

	15
	
	
	24
	2.784
	2.777
	2.743

	16
	
	2798 (2xSF4)
15*βed/ βc =30

15*βec/ βc =24
	15
	2.528
	2.720
	2.533

	17
	
	
	19
	2.618
	2.803
	2.608

	18
	
	
	24
	2.740
	2.850
	2.705

	19
	
	2798 (2xSF4)
15*βed/ βc =21

15*βec/ βc =19
	15
	2.714
	2.939
	2.724

	20


	
	
	19
	2.796
	2.960
	2.783

	21
	
	
	24
	2.906
	2.902
	2.847

	22
	
	2798 (2xSF4)
15*βed/ βc =21

15*βec/ βc =24
	15
	2.679
	2.981
	2.687

	23
	
	
	19
	2.724
	3.007
	2.712

	24
	
	
	24
	2.801
	2.964
	2.748

	25
	
	5772 (2xSF2)
15*βed/ βc =42

15*βec/ βc =19
	15
	2.135
	2.120
	2.046

	26
	
	
	19
	2.280
	2.263
	2.195

	27
	
	
	24
	2.430
	2.406
	2.384

	28
	
	5772 (2xSF2)
15*βed/ βc =42

15*βec/ βc =24
	15
	2.263
	2.251
	2.142

	29
	
	
	19
	2.393
	2.377
	2.259

	30
	
	
	24
	2.527
	2.506
	2.412

	31
	
	5772 (2xSF2)
15*βed/ βc =47

15*βec/ βc =19
	15
	1.926
	1.915
	1.856

	32
	
	
	19
	2.079
	2.065
	2.010

	33
	
	
	24
	2.248
	2.229
	2.211

	34
	
	5772 (2xSF2)
15*βed/ βc =47

15*βec/ βc =24
	15
	2.058
	2.048
	1.960

	35
	
	
	19
	2.196
	2.182
	2.086

	36
	
	
	24
	2.348
	2.331
	2.253

	37
	
	5772 (2xSF2)
15*βed/ βc =30

15*βec/ βc =19
	15
	2.672
	2.648
	2.512

	38
	
	
	19
	2.770
	2.739
	2.622

	39
	
	
	24
	2.826
	2.189
	2.751

	40
	
	5772 (2xSF2)
15*βed/ βc =30

15*βec/ βc =24
	15
	2.768
	2.748
	2.556

	41
	
	
	19
	2.856
	2.828
	2.629

	42
	
	
	24
	2.905
	2.873
	2.720

	43
	
	5772 (2xSF2)
15*βed/ βc =21

15*βec/ βc =19
	15
	2.728
	2.954
	2.736

	44
	
	
	19
	2.801
	2.973
	2.794

	45
	
	
	24
	2.915
	2.914
	2.856

	46
	
	5772 (2xSF2)
15*βed/ βc =21

15*βec/ βc =24
	15
	2.700
	3.006
	2.707

	47
	
	
	19
	2.742
	3.031
	2.730

	48
	
	
	24
	2.815
	2.984
	2.761

	Maximum CM [dB]
	2.92
	3.03
	2.86


Based on Table 2 , we observe the following:
· The choice of Cch,256,1 on Q for the 2nd HS-DPCCH results in a maximum CM of 
· 2.92 dB for N_max_dpdch = 1

· The choice of Cch,256,33 on I for the 2nd HS-DPCCH results in a maximum CM of 

· 3.03 dB for N_max_dpdch =1
· The choice of Cch,256,32 on Q for the 2nd HS-DPCCH results in a maximum CM of 

· 2.86 dB for N_max_dpdch =1
· As a comparison, for the 2nd HS-DPCCH 

· When only one DPDCH exists, the performance of Cch,256,32 on Q is slightly better than the performance of Cch,256,33 on I.
· When only one DPDCH exists, the performance of Cch,256,1 on Q is slightly better than the performance of Cch,256,33 on I and Cch,256,32 on Q.

6     Detection Analysis of proposed scheme

A potential risk on allocating the 2nd HS-DPCCH on Cch(256,1)Q exists when there is a frequency offset. In this situation, as the energy leakage from E-DPCCH on Cch(256,1)I can not be orthogonalized , the impact to the dection performance of ACK/NACK and CQI is not ignorable. However, the frequency offset can be corrected to some extent by the use of AFC.
In the following, we bring out the simulation results of ACK/NACK and CQI detection performance, as allocating the 2nd HS-DPCCH on Cch(256,1)Q. Furthermore, we make a comparison between Cch(256,1)Q and Cch(256,64)Q in case there is a frequency offset. Generally, An AFC equipment in NodeB is supposed either.
Table 3: simulation assumption
	Parameter
	Unit
	Value

	Maximum. Inf. Bit Rate 
	kbps
	2706.0

	TTI
	ms
	2

	Number of HARQ Processes
	Processes
	8 

	Information Bit Payload (NINF)
	Bits
	5412

	Binary Channel Bits per TTI (NBIN)
(3840 / SF x TTI sum for all channels)
	Bits
	7680

	Coding Rate (NINF/ NBIN)
	
	0.705

	Physical Channel Codes
	SF for each physical channel
	{2,2}

	E-DPDCH testing: 
E-DPDCH/DPCCH power ratio
E-DPCCH/DPCCH power ratio

	
dB
dB
	
Diversity: 9.92
Diversity: 4.08


	Channel Type
	PA3
	

	Frequency Offset
	Hz
	400

	AFC
	Switch on
	

	Allocation of HS-DPCCH
	
	Cch(256,1) Q
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figure 1: BLER of CQI 
[image: image2.emf]0.001

0.01

0.1

1

-14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4

RxEc/No(dB)

ACK,NACK to DTX probability

(256,1)Q_400Hz

(256,1)Q_0Hz

(256,64)Q_400Hz


figure 2: BER of ACK/NACK missed to DTX 
As shown in figure 1 and figure 2, when the threshold of BLER or BER is set to be 0.01, the detection performance of Cch(256,1)Q is a little 0.1 or 0.2dB worse than that of Cch(256,64)Q. In our opinion, the slightly difference is ignorable 
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Synthetical analysis of proposed scheme 
Table 4: Synthetical analysis of proposed scheme ,N_max_dpdch =1
	
	256,64,Q
256,32,Q
	256,64,Q
256,33, I
	256,64, Q

256,1,Q

	the compare of CM value
	maximum
	middle
	minimum

	the number of new channel code used 
	1
	1
	1

	the capacity of compatibility
	strong
	strong
	strong


8
Conclusions
We prefer transmitting the 2nd HS-DPCCH on channelization code Cch,256,1 on the Q branch, as its impact to CM values is the least significant. If the impact of frequency offset is not ignorable, we turn to propose transmitting the 2nd HS-DPCCH on channelization code Cch,256,32 on the Q branch. The choice was based on a detailed cubic metric analysis for various combinations of HS-DPCCH settings and optimal settings of E-DPCCH and E-DPDCH for different block size. The proposal is attractive from the point of view that we reuse the identical channel coding that is currently used. In this case, no extra de-spreading operation is required.
Proposal: When there is only one DPDCH channel exists, We prefer transmitting the 2nd HS-DPCCH on channelization code Cch,256,1 on the Q branch. If the impact of frequency offset is not ignorable in this proposal, we think the 2nd HS-DPCCH on channelization code Cch,256,32 on the Q branch is also an alternative.
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