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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 Type A report, it was also agreed that similar to Release 7 MIMO, four branch MIMO should support two types of reports ;i.e. Type A and Type B reporting.  Even though exact encoder structure and rate matching for Type A was discussed, the exact encoding structure for Type B was missing from the discussion.
In this contribution, we evaluate few design options for HS-DPCCH Type B reporting for four branch MIMO systems.
2 Types of CQI Reporting for Four Branch MIMO 
As well-known from Release 7 MIMO, the HS-DPCCH sub-frame structure consists of 1 slot for HARQ-ACK transmissions and 2 slots for CQI/RI/PCI transmissions. 
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Figure 1: Illustration of the HS-DPCCH slot format.

The same structure is used for four branch MIMO system.  In addition two different types of CQI formats for four branch MIMO System are supported in Four branch MIMO system:
Type A Reporting:

In this report UE conveys information about the preferred number of streams, CQI and PCI corresponding to that preferred number of streams.  For Type A reporting the 8 information bits are used to describe the CQI information for both the codewords, 2 bits are used to convey the rank information and 4 bits are used to describe the PCI information. The resulting composite CQI/RI/PCI report is encoded with a convolutional code then rate matched to output 40 encoded bits. The information is spread with spreading factor of 128.
Type B Reporting:
In this report UE conveys information about single stream CQIs [4]. This type of CQI can help the Node B scheduler whenever the UE reports CQI information corresponding to Ranks 2, 3 or 4 CQI, but only single stream transmissions can be scheduled. In this case 5 bits are used to describe CQI and 4 bits are used to describe PCI for the single stream. Hence in total 9 input bits are needed to convey the complete information about CQI and PCI. In the next section, we outline the design option to encode  these 9 bits.
Similar to Release 7 MIMO, for four branch MIMO too, the network can set different reporting intervals between Type A and Type B. The parameter N_cqi_typeA/M_cqi ={1/2,2/3,3/4,4/5,5/6,6/7, 7/8, 8/9, 9/10,1/1} is signalled via RRC from the RNC. This describes the ratio of CQI/PCI reports that are of Type A.  
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Figure 2 Switching between Type A and Type B reports. Note that RRC signals the exact reporting periods for each.

3 Design Option for Encoding Type B HS-DPCCH Report
As mentioned in the above section, for Type B reporting 9 information bits are needed to convey the CQI and PCI. Hence we propose two design options.

Option I: Use 1/3 convolutional encoder to encode the information bits and spread with spreading factor equal to 128. Figure 3 shows the transmission diagram for this Option. The 5 CQI information bits and 4 bits of PCI are encoded using 1/3 convolutional code to output 51 coded bits. From the output of the encoder 11 bits are punctured to give 40 bits. For transmission, these 40 bits are spread with spreading factor 128.
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Figure 3 Transmission diagram for design Option I
Option II: Use 1/2 convolutional encoder to encode the information bits and spread with spreading factor equal to 256. Figure 4 shows the transmission diagram for this Option. The 5 CQI information bits and 4 bits of PCI are encoded using 1/2 convolutional code to output 34 coded bits. From the output of the encoder 14 bits are punctured to give 20 bits. For transmission, these 20 bits are spread with spreading factor 256.
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Figure 4 Transmission diagram for design Option II
To evaluate the two design options we need to analyze the performance of each scheme with respective optimal puncturing. In the next section we evaluate the rate matching for each of the design schemes.

4. Rate Matching for Design Option I
For rate matching of design Option I, we considered two puncturing patters. The first puncturing pattern is based on the rate matching principles of Release 99 (R99) as outlined in [5].  The second rate matching pattern is based on end puncturing. The puncturing pattern based on R99 is [1 5 10 14 19 24 28 33 38 42 47] as shown in Figure 5. 
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Figure 5 Release 99 Puncturing pattern
The end puncturing is [1 3 4 5 7 45 46 47 48 49 51] as shown in Figure 6. It was observed in [6], end puncturing with rotational symmetry gives better performance. Unfortunately, rotational symmetry is not possible for this case, as we need to puncture odd number of bits. Hence we have chosen a puncturing scheme close to that of rotational symmetric.  
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Figure 6 End Puncturing pattern
Figure 7 shows the performance of these two puncturing schemes for AWGN channel. It can be seen that the end puncturing performs better than the R99 pattern by 0.3 dB for BLER of 0.01. Note that the similar results were observed in the design of E-AGCH channel [7]. This is because  for larger block lengths the R99 puncturing gives better performance, while for shorter block lengths  uniform puncturing as that R99 is not optimal as the tail bits are also protected uniformly. In these cases puncturing tail bits gives better performance. 
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Figure 7 BLER for the two puncturing schemes considered for Design Option I
5. Rate Matching for Design Option II

Similar to design option I, we consider two puncturing patters for design option II. The first puncturing pattern is based on the principles of Release 99 (R99) as outlined. The puncturing pattern is shown in Figure 8.
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Figure 8 Release 99 Puncturing pattern
The second rate matching pattern is based on end puncturing with rotational symmetry. The puncturing pattern is shown in Figure 9. Figure 10 shows the BLER performance of these two puncturing schemes for AWGN channel. It can be seen that the end puncturing performs better than the R99 pattern in this case too. 
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Figure 9 End Puncturing pattern
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Figure 10 BLER for the two puncturing schemes considered for Design Option II
6. BLER comparison
Finally, Figure 11 shows the BLER of the two design options with their optimal puncturing patterns. Note that in we need to energy scaling fro design option II for fair comparison. This is due to the different spreading factors used for these two design options. From the figure, it can be seen that design option I gives better performance. In addition it use same spreading factor as that of Type A report. Hence we prefer Type B report should be encoded with a convolutional encoder with code rate 1/3 and spread with spreading factor 128.
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Figure 11 BLER for the two Design Options with their respective optimal puncturing patterns with energy scaling for design option II.
7. Summary and conclusions

In this contribution, we investigated the HS-DPCCH performance with rate matching for Type B reporting. We analyzed the performance with the design options with two different puncturing patterns. Through simulations, it was shown that 1/3 convolutional code with end puncturing gives better performance. Hence we would like to propose:
Proposal 1: Rate 1/3 code should be used for encoding Type B report.
Proposal 2: Output bits [1 3 4 5 7 45 46 47 48 49 51] are deleted from the output of the encoder.

Proposal 3: Spreading factor of 128 should be used for spreading Type B report.
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