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1 Introduction

In RAN1#70 many contributions on the design choices for uplink feedback channel (HS-DPCCH) structure were presented [1]-[3]. Mainly two proposals were considered. In one proposal   CQI/RI/PCI is conveyed in one sub frame, while in the other proposal CQI/RI/PCI is conveyed using time multiplexing i.e. the information is spread over two subframes.  Each of these proposals has its own advantages and disadvantages. In the first proposal, since all the information is conveyed in one subframe a new encoder structure and rate matching is needed. The encoded information is speeded using a spreading factor of 128 rather than 256 as in Release 7 MIMO. In the second proposal, even though we can reuse the same encoder structure and spreading factor as that of Release 7 MIMO, rank information is conveyed in two subframes. Since the HSD-DPCCH is not protected by CRC for error checking and the performance of HSDPA is sensitive to mismatch in rank information, it was concluded in the meeting to agree on first proposal.  

In addition to the design of HS-DPCCH for single carrier, it was also agreed to use currently specified 8-carrier feedback scheme featuring lower spreading factor and 2 HS-DPCCH codes for the feedback transmission of the 4-carrier 4-branch MIMO. However with multiple carriers the current design des not specify what is the base configuration to be used if one of the carriers is not in MIMO mode with four transmits antennas, i.e. if the carrier is configured either in non MIMO mode or in MIMO mode.
In this contribution, we describe few design options for HS-DPCCH design with two carriers. We analyze the case when the two carriers are configured in MIMO mode with four transmit antennas and also the case when at least one of the carrier is configured in MIMO mode with four transmit antennas and the other carrier is either configured either in MIMO or in non-MIMO mode. For analysis, we consider only Type A reporting, but same approach can be applied for Type B reporting with two carriers. 
2 Dual -Carrier HS-DPCCH Solution- Both Carriers are Configured in MIMO Mode with Four Transmit Antennas

In this section, we describe the dual carrier HS-DPCCH solution, when both the carriers are configured in MIMO mode with four transmit antennas. It was agreed in RAN#70, that HS-DPCCH solution for single carrier is to transmit all the information in sub frame and encoded with a convolutional code and the resultant output bits are spread with a spreading factor of 128. For a system with two carriers the same solution is extended for two time intervals using time multiplexing as described below. 

Single Carrier Solution:

The structure of the HS-DPCCH for single carrier is shown in Figure 1. As well-known, the HS-DPCCH sub-frame structure consists of 1 slot for HARQ-ACK transmissions and 2 slots for CQI/RI/PCI transmissions. Note that HARQ-ACK reporting code is based on Release 7 MIMO. Since the for four branch MIMO, spreading factor is 128, the 10 bit HARQ ACK information is repeated to fill the first slot of 20 bits. The total number of bits for CQI/RI/PCI is 14 bits and are encoded using a convolutional code and then rate matched to fill the 2nd and 3rd slot of 40 bits.


[image: image1]
Figure 1: Illustration of the HS-DPCCH slot format for single carrier.

Dual Carrier Solution: 

The structure of the HS-DPCCH with two carriers is shown in Figure 2. It can be observed that the CQI/RI/PCI information for the two carriers is time multiplexed. Note that in this case the minimum reporting interval for CQI is 2 subframes (4 msec). In this case too, we use spreading factor of 128 is used to spread the HS-DPCCH signal.


[image: image2]
Figure 2 Illustration of the HS-DPCCH slot format with two carriers.

3 Dual Carrier HS-DPCCH Solution- When atleast One Carrier is Configured in MIMO Mode with Four Transmit Antennas

In this section, we describe the design options when at least one of the carriers is configured with MIMO mode with four transmit antennas and the other carrier is configured in either in MIMO mode or non MIMO mode.
Table 1 shows the number of possibilities with two carriers. Note that when one carrier is either in MIMO mode or in non MIMO mode, we still use the same structure as that of Figure 2. Hence we propose

Proposal 1:  In Dual carrier case when one carrier is in configured in MIMO mode with four transmit antennas and the other either in MIMO mode or in non-MIMO mode, then the structure similar to Figure 2 is used for HS-DPCCH.

Proposal 2:  The minimum reporting period for CQI report is 2 TTI with dual carrier.
Table 1 HS-DPCCH solution with two carriers
	Index
	 Carrier Configuration- Number of Transmit Antennas
	HS-DPCCH Solution

	
	A
	B
	

	1
	4
	4
	Figure 2

	2
	4
	2 
	Figure 3A or 3B

	3
	2
	4 
	Figure 3A or 3B with carrier fields swapped

	4


	4
	1
	Figure 3A or 3B

	5
	1
	4
	Figure 3A or 3B with carrier fields swapped


Since the CQI/RI/PCI for Release 7 and Release 5 are encoded with a (20, 7) or (20, 5) block code, we need a mechanism to fill these bits to 40 bits. Below we list two design options.
Option I: In this option, the information of the (20, 7) or (20, 5) block code is repeated to fill the space for 40 bits. Figure shows HS-DPCCH slot format for the cases of Index 2 and 4 in Table 1.


[image: image3]
Figure 3A Illustration of the HS-DPCCH slot format with two carriers when only one carrier is configured in MIMO mode with four transmit antennas
Note that the same structure can be used for Index numbers 3 and 5 with the swapping the carrier fields. With this option we can get the repetition gain of 3 dB in AWGN channels.
Option II: In this option, instead of repeating the information, we can DTX the fields. Figure 3B shows the HS-DPCCH slot format for the Index numbers 2 and 4. Note that DTX is done for the third slot for the second subframe. In this method, we can save the power while at the same time reduce the interference to the other users in uplink.

[image: image4]
Figure 3B Illustration of the HS-DPCCH slot format with two carriers when only one carrier is configured in MIMO mode with four transmit antennas
Even though each method has its own advantages and disadvantages, we prefer design Option I, due to its simplicity for implementation. 
Proposal 3:  When one carrier is configured in MIMO mode with four transmit antennas and the other is configured either in MIMO mode or in non-MIMO mode, we propose to repeat the (20, 7) or (20, 5) block code information to fill the slot for HS-DPCCH solution.
4 Summary and conclusions

In this contribution, we list some of the design options for HS-DPCCH for 4 branch MIMO MIMO with two carriers. We summarize our proposals:

Proposal 1:  In Dual carrier case when one carrier is in configured in MIMO mode with four transmit antennas and the other either in MIMO mode or in non-MIMO mode, then the structure similar to Figure 2 is used for HS-DPCCH.

Proposal 2:  The minimum reporting period for CQI report is 2 TTI with dual carrier.
Proposal 3:  When one carrier is configured in MIMO mode with four transmit antennas and the other is configured either in MIMO mode or in non-MIMO mode, we propose to repeat the (20, 7) or (20, 5) block code information to fill the slot for HS-DPCCH solution.
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