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1 Introduction

In the RAN #39 meeting, the feasibility study of dual-cell HSDPA operation was approved. The main motivation of this item is to increase the user data rate across the cell and in particular in the outer area of the cell coverage [1]. In addition, the skeleton TR [2] was agreed in the RAN1 #52bis. 
In this document, we investigate the possible approaches to design the control channel to support dual-cell HSDPA operation and perform CM analysis to observe the impact of introducing the new HS-DPCCH.
2 Channel structure for dual-cell HSDPA
In this section, we investigate the possible approaches for HS-SCCH and HS-DPCCH which are the control channels to support HSDPA operation as follows. 

· HS-SCCH :
· Joint signaling: the scheduling information of the two carriers is included in one HS-SCCH. The main benefit of joint signaling is to reduce CRC overhead. In the HSDPA MIMO operation, the scheduling information of two transport blocks is jointly signaled. However, it seems impossible to reuse HS-SCCH for MIMO because the channelization code set of each carrier can be different. In addition, since the dual carrier may have a different channel situation, it is unlikely to schedule two carriers to one UE at the same time unlike MIMO operation. 
· Separate signaling: the scheduling information of the two carriers is included in two HS-SCCHs separately. Any modification is not required. 
· HS-DPCCH

· Joint signaling: UE transmits ACK/NACK and CQI information with one HS-DPCCH. Simply, the current HS-DPCCH for MIMO can be reused. However, it would be impossible to indicate the mis-detection of HS-SCCH because the current HS-DPCCH for MIMO indicates only 4 values, i.e. ACK/ACK, ACK/NACK, NACK/ACK and NACK/NACK.
· Separate signaling: the additional HS-DPCCH is required. It is a simple approach but it will increase CM of uplink transmission. Consequently, it will reduce the maximum available power in uplink transmission.
3 CM analysis
As an initial analysis, we generate CM values to investigate the impact of introducing new HS-DPCCH (HS-DPCCH2).
Table 1 summarizes the channelization code and the gain factor values of the reference channel configuration which are used in the simulation. Table 2 describes the channelization code and gain factor values of HS-DPCCH2.
	
	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}

	
	HS-DPCCH
	(Q,256,33)
	{5,12,24,38}

	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}

	
	HS-DPCCH
	(Q, 256,64)
	{5,12,24,38}


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

	Nmax-dpdch=0
	HS-DPCCH2 mapped on I branch
	(I, 256,33)
	{5,12,24,38}

	
	HS-DPCCH2 mapped on Q branch
	(Q, 256,32)
	{5,12,24,38}

	Nmax-dpdch=1
	HS-DPCCH2 mapped on I branch
	(I, 256,63)
	{5,12,24,38}

	
	HS-DPCCH2 mapped on Q branch
	(Q, 256,63)
	{5,12,24,38}


Table 2.  Channel configuration of the additional HS-DPCCH 
Figure 1, 2 and 3 shows the CM values in case of Nmax-dpdch=0 and figure 4 and figure 5 shows the CM values in case Nmax-dpdch=1. The blue line and the red line indicate CM values in each case and the green and the purple line indicate the CM increase compared to the case of no HS-DPCCH2.
a) Nmax-dpdch=0
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Figure 1. CM values in case of SF4


Figure 2. CM values in case of SF2x2
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Figure 3. CM values in case of SF2x2+SF4x2
b) Nmax-dpdch=1
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Figure 4. CM values in case of SF4 


Figure 5. CM values in case of SF2x2
Observations

· In the case of Nmax-dpdch=0, HS-DPCCH2 mapped to I branch results in the smaller CM increase compared to HS-DPCCH2 mapped to Q branch.
· In the case of Nmax-dpdch=1, HS-DPCCH2 mapped to Q branch results in the smaller CM increase compared to HS-DPCCH2 mapped to I branch. 
· Assuming HS-DPCCH2 mapped to I branch for Nmax-dpdch=0 and HS-DPCCH2 mapped to Q branch for Nmax-dpdch=1,
· The maximum CM value is 3.38 dB in the case of SF4, beta_ed 27 and beta_hs=5.

· The CM increase is higher when one E-DPDCH is used. In some case, 1dB CM increase is observed.
4 Conclusion
In this document, we investigate the possible approaches to design the control channel to support dual-cell HSDPA operation and perform CM analysis to observe the impact of introducing the new HS-DPCCH. 
To enable the further investigation for the control channel structure, it is proposed to capture the section 2 and section 3 into the TR 25.825 section 4.3.2 and 5.2 respectively. 
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