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1 Introduction

In the previous RAN1 #53 meeting, a few options were proposed as uplink control channel to support dual-cell HSDPA operation and captured in the TR [1]. 
In this document, we further compare these options especially in terms of CM performance. 
2 Discussion on the uplink control channel
According to the TR, all proposed options require the additional HS-DPCCH (HS-DPCCH2) and can be roughly summarized as follows.  

· Nmax-dpdch = 0 
· Mapping on I branch to the new HS-DPCCH2 with the same channelization code as the legacy HS-DPCCH uses. 
· Nmax-dpdch= 1 
· Mapping on Q branch to the new HS-DPCCH2 with the difference channelization code. 
· Mapping on I branch to the new HS-DPCCH2. It requires assigning the new channelization code for the legacy HS-DPCCH (HS-SPCCH1).
The benefit of using I branch for HS-DPCCH2 would be the smaller complexity in NodeB receiver by assigning the same channelization code with HS-DPCCH1. However, there is a possible issue in using I branch for HS-DPCCH2 because the balance between I and Q branch can be broken if HS-DPCCH2 is transmitted but HS-DPCCH1 is not transmitted as seen in Figure 1. Consequently, this imbalance may result in the large CM value. It is noted that the transmission of only HS-DPCCH2 can frequently occur since the schedulers in the two cells are independent. 
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Figure 1. The example of code mapping in case of Nmax-dpdch=0 (left) and Nmax-dpdch=1(right)
In order to investigate the impact of the imbalance mentioned above, we simulate CM performance of each channel combination. Table 1 summarizes the channelization code and the gain factor values of the other reference channels except HS-DPCCH1 and HS-DPCCH2. Table 2 describes the channelization code and gain factor values of HS-DPCCH1 and HS-DPCCH2. Simply, case 1 means that HS-DPCCH2 is mapped to Q branch and case 2 means that HS-DPCCH2 is mapped to I branch. The simulated gain factor values of HS-DPCCHs are {5, 12, 24, 48}.
	
	Channel
	Channelization code
	Gain factor

	Nmax-dpdch=0
	DPCCH
	(Q,256,0)
	15

	
	E-DPCCH
	(I,256,1)
	24

	
	E-DPDCH
	SF4=(I,4,1)

SF2x2=((I,2,1) (Q,2,1)

SF2x2+SF4x2 = ((I,4,1),(Q,4,1),(I,2,1),(Q,2,1))
	{17,27,47,67,84}

	Nmax-dpdch=1
	DPCCH
	(Q, 256,0)
	15

	
	E-DPCCH
	(I, 256,1)
	24

	
	DPDCH
	(I, 64, 16)
	21

	
	E-DPDCH
	SF4=(I,4,2)

SF2x2=((I,2,1) (Q,2,1)
	{17,27,47,67,84}


Table 1. Channel configuration of the reference channels
	
	
	Channel
	Channelization code

	Case 1
	Nmax-dpdch=0
	HS-DPCCH1
	(Q, 256,33)

	
	
	HS-DPCCH2
	(Q, 256,2)

	
	Nmax-dpdch=1
	HS-DPCCH1
	(Q, 256,64)

	
	
	HS-DPCCH2
	(Q, 256,33)

	Case 2
	Nmax-dpdch=0
	HS-DPCCH1
	(Q, 256,33)

	
	
	HS-DPCCH2
	(I, 256,33)

	
	Nmax-dpdch=1
	HS-DPCCH1
	(Q, 256,33)

	
	
	HS-DPCCH2
	(I, 256,33)


Table 2.  Channel configuration of HS-DPCCHs 
Figure 2, 3 and 4 shows the CM values in case of Nmax-dpdch=0 and figure 5 and figure 6 shows the CM values in case Nmax-dpdch=1. 

a) Nmax-dpdch=0
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Figure 2. CM values in case of SF4


     Figure 3. CM values in case of SF2x2
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Figure 4. CM values in case of SF2x2+SF4x2
b) Nmax-dpdch=1
[image: image6.wmf]0

0.5

1

1.5

2

2.5

3

3.5

4

5

12

24

38

5

12

24

38

5

12

24

38

5

12

24

38

5

12

24

38

C

M

[

d

B

]

beta_hs

CM values (SF=4)

HS

-

DPCCH2 only in case1

HS

-

DPCCH2 only in case2

Both in case1

Both in case2

HS

-

DPCCH1 only

beta_ed=17

beta_ed=27

beta_ed=47

beta_ed=67

beta_ed=84

        [image: image7.wmf]0

0.5

1

1.5

2

2.5

3

3.5

4

5

12

24

38

5

12

24

38

5

12

24

38

5

12

24

38

5

12

24

38

C

M

[

d

B

]

beta_hs

CM values (SF2x2)

HS

-

DPCCH2 only in case1

HS

-

DPCCH2 only in case2

Both in case1

Both in case2

HS

-

DPCCH1 only

beta_ed=17

beta_ed=27

beta_ed=47

beta_ed=67

beta_ed=84


Figure 5. CM values in case of SF4 

              Figure 6. CM values in case of SF2x2
Observations

· When two HS-DPCCHs are transmitted, HS-DPCCH2 mapped to Q branch causes maximum 1dB larger CM values than the case of HS-DPCCH2 mapped to I branch. 

· When only HS-DPCCH2 is transmitted: 
· HS-DPCCH2 mapped to I branch causes maximum 2dB larger CM values than the case of HS-DPCCH2 mapped to Q branch. 

· In case of Nmax-dpdch=1 and one EDPDCH, CM value exceeds to 3.5dB which is the maximum allowed value specified in TS 25.101[2].
3 Conclusion
In this document, we further analyze CM performance of the possible options. As summarized in section 2, it is observed that when HS-DPCCH2 is mapped to I branch, the CM value is highly increased if only HS-DPCCH2 is transmitted. In worst case, it will not be able to meet the range of CM value in the TS 25.101[2]. Therefore, in order to reduce CM increase due to the additional HS-DPCCH, it is recommended to map HS-DPCCH2 to Q branch as follows.

· Nmax-dpdch=0 :  HS-DPCCH2 mapped to Q branch with channelization code (256,2)
· Nmax-dpdch=1 :  HS-DPCCH2 mapped to Q branch with channelization code (256,33)
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