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1. Introduction

A new work item “Four Branch MIMO transmission for HSDPA” was agreed in RAN#53[1], and several contributions were provided to discuss the codeword to layer mapping [2][3][4]. The scheme for codeword to layer mapping directly influences HS-DPCCH design in the uplink, and the complexity of HS-DPCCH affects the choice of codeword to layer mapping scheme. Therefore, HS-DPCCH design is regarded as one of the most important study points in this early phase of 4-branch MIMO discussion.

This contribution presents some potential HS-DPCCH designs for various layer mapping schemes mentioned in [5].
2. Discussion
We consider four alternatives for codeword to layer mapping as mentioned in [5]: 
· 4TB-4CW-4Layer; 

· 2TB-2CW-4Layer; 
· 4TB-2CW-4Layer; and 
· 4TB-4CW-4Layer with CQI bundling. 
These schemes are different in the mapping from transport block to codeword, and consequently there are different ways in which both HARQ-ACK and CQI feedbacks are designed. The possible feedback schemes associated with the different layer mapping methods are summarized in Table 1.
Table 1: HARQ-ACK and CQI requirement for different layer mapping schemes
	Layer mapping scheme
	Number of HARQ-ACK
	Number of CQI

	4TB-4CW-4Layer
	4
	4

	2TB-2CW-4Layer
	2
	2

	4TB-2CW-4Layer

	4
	2

	
	2
	2

	4TB-4CW-4Layer with CQI bundling
	4
	2

	
	2
	2


2.1 4 HARQ-ACKs and 4 CQIs
4 HARQ-ACKs and 4 CQIs are required feedbacks for 4TB-4CW-4Layer MIMO as Node B would schedule four transport blocks, each block corresponds to a codeword which is mapped to a layer (fixed mapping). 
The HARQ-ACK for each transport block should be fedback to indicate to Node B the decoding status so that HARQ transmission can be processed. In addition, CQI for each codeword should be reported to indicate the channel quality of the layer so that Node B can select the appropriate transport block size, modulation and coding. For single carrier there are totally 4 HARQ-ACKs and 4 CQIs to be feedback.
For single carrier, reusing feedback method of DC+MIMO in Release 9 is straightforward for 4TB-4CW-4Layer MIMO. In the scheme one HS-DPCCH physical channel with spreading factor 256 is transmitted. Figure 1 shows the HS-DPCCH structure for 4TB-4CW-4Layer MIMO. For HARQ-ACK, four transport blocks’ HARQ-ACK messages are jointly encoded and sent in the same slot. The codebook for HARQ-ACK can either be the same with DC+MIMO in Release 9, or be redesigned to select a new set of codewords which has better performance. Time division multiplexing (TDM) is used for CQI report. Two consecutive TTIs are used to entirely feedback the four codewords’ CQI information, meanwhile each TTI takes on two CQIs for two codewords. Therefore, four CQIs are alternatively fedback in two consecutive TTIs. 
PCI bits may increase in 4-branch MIMO. Since four CQIs are alternatively fedback in two consecutive TTIs, PCI can also be separated into two parts and transmitted in two consecutive TTIs. Through PCI TDM a low code rate for PCI/CQI can be kept, thus the decoding performance can be guaranteed.
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Figure 1: feedback for 4 HARQ-ACKs and 4 CQIs: single-carrier
Taking a maximum of four carriers into consideration, the operation of 4-branch MIMO in combination with downlink multi-carrier operation over four carriers brings on totally sixteen HARQ-ACKs and sixteen CQIs. The potential HS-DPCCH designs are shown in Figure 2. 
Two HS-DPCCH physical channels with spreading factor 128 are used to carry HARQ-ACK and CQI information.
The HS-DPCCH1 is used to carry HARQ-ACK and CQI information for carrier #1 and carrier #2, and HS-DPCCH2 is used to carry HARQ-ACK and CQI information for carrier #3 and carrier #4. 

For HARQ-ACK of each HS-DPCCH, two carriers’ HARQ-ACK messages are separately encoded and concatenated into the same slot. For each carrier a maximum of four transport blocks’ HARQ-ACK messages are jointly encoded.

For CQI of each HS-DPCCH, the time division multiplexing (TDM) feedback method of DC+MIMO in Release 9 can also be reused here. In each HS-DPCCH channel two consecutive TTIs are used to entirely feedback four codewords’ CQI information, and each TTI takes on the CQI for two carriers. The four CQIs from one carrier are fedback alternatively in the 2 consecutive TTIs. In the same TTI, the two CQIs of two carriers are separately encoded and concatenated.
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Figure 2: feedback for 4 HARQ-ACKs and 4 CQIs: four-carrier
2.2 2 HARQ-ACK and 2 CQI
2 HARQ-ACK and 2 CQI are used to feedback HARQ-ACK and CQI information for 2TB-2CW-4Layer MIMO. Since there are only two transport blocks and two codewords in 2TB-2CW-4layer MIMO, two HARQ-ACKs and two CQIs are enough for feedback. Therefore, only two HARQ-ACKs and CQIs are needed to feedback for each carrier just like 2x2 MIMO in Release 7, and the quantity of feedback information is half of that of the 4TB-4CW-4layer MIMO.
For single carrier, the feedback scheme of MIMO in Release 7 can be reused. In this scheme, one HS-DPCCH physical channel with spreading factor 256 is transmitted. Two HARQ-ACKs are jointly encoded into the first slot, and two CQIs are jointly encoded into the last two slots in a TTI. See Figure 3.

[image: image3.emf]HARQ-ACK

TB1,TB2

PCI+CQI

CW1,CW2

1slot

1TTI


Figure 3: feedback for 2 HARQ-ACKs and 2 CQIs: single-carrier

Taking a maximum of four carriers into consideration, the operation of 2TB-2CW-4Layer MIMO in combination with downlink multi-carrier operation over four carriers brings on totally eight HARQ-ACKs and eight CQIs. Basically, feedback design of the 2TB-2CW-4Layer MIMO can be designed to be the same as 4C-HSDPA, in which one HS-DPCCH with spreading factor of 128 is transmitted. See Figure 4.
For HARQ-ACK, the HARQ-ACK messages of carrier #1,2 and carrier #3,4 are separately encoded and concatenated into the same slot.

For CQI, the time division multiplexing (TDM) feedback method of DC+MIMO in Release 9 can also be reused here. In each HS-DPCCH channel two consecutive TTIs are used to entirely feedback four codewords’ CQI information, and each TTI takes on the CQI for two carriers. The four codewords’ CQI are feedback alternatively in the 2 consecutive TTIs. Besides, in two slots of a TTI, two CQIs for two carriers are separately encoded and concatenated.
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Figure 4: feedback for 2 HARQ-ACKs and 2 CQIs: four-carrier

2.3 4 HARQ-ACK and 2CQI 
4 HARQ-ACK and 2 CQI are used to feedback for 4TB-2CW-4layer MIMO and 4TB-4CW-4layer with CQI bundling MIMO in which totally four transport blocks and two channel quality indications are needed. For single carrier, considering the trade-off between performance and complexity reusing the feedback scheme for MIMO in Release 7 seems reasonable, because we just need to increase the number of code words in the codebook of HARQ-ACK. The codebook of HARQ-ACK for DC+MIMO in Release 9 can be used instead. Like 4 HARQ-ACKs and 4 CQIs described above, the codebook for HARQ-ACK can be redesigned too.
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Figure 5: feedback for 4 HARQ-ACKs and 2CQIs: single carrier
Taking a maximum of four carriers into consideration, the operation of 4TB-2CW-4layer MIMO or 4TB-4CW-4layer with CQI bundling MIMO in combination with downlink multi-carrier operation over 4 carriers brings on totally 16 HARQ-ACKs and 8 CQIs. The HS-DPCCH design principle should also be the same as single carrier described above which just increase number of code words in the codebook of HARQ-ACK. Therefore, the HS-DPCCH design for 4C-HSDPA can be reused. See Figure 6.
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Figure 6: feedback for 4 HARQ-ACKs and 2CQIs: four carriers
2.4 Reported CQI types
There exist different types of CQI. Regardless of the rank of the channel UE estimates every time, Node B hosts the initiative to determine transmission transport blocks in each TTI due to the network traffic status, or the available code and power resources, so different types of CQI should be introduced to indicate the channel quality of all possible layers. Like MIMO in Release 7, type A and type B are introduced to indicate CQIs in different scenarios. Regarding to MIMO in release 7, type A CQI reports that indicate the supported transport format(s) for the number of simultaneously transmitted transport blocks that the UE prefers according to the current channel conditions, the number of the simultaneously transmitted transport blocks can be 1 or 2. Type B CQI reports that indicate the supported transport format for a single transmitted transport block according to the current channel conditions.
In 4-branch MIMO, if four CQIs are needed, two new CQI types should be introduced, named type C and type D. Type C CQI reports indicate the supported transport format(s) for the number of simultaneously transmitted codewords, which can be 1, 2 or 3. Type D CQI reports indicate the supported transport format(s) for the number of simultaneously transmitted codewords, which can be 1, 2, 3 or 4.
3. Conclusion
In this document we discussed the potential HS-DPCCH design to each alternative layer mapping scheme. 
· Reusing the legacy HS-DPCCH design is reasonable for the HS-DPCCH design for 4-branch MIMO. 
· The codebook for HARQ-ACK can be redesigned to obtain better performance.

· Different types of CQI can be used to support flexible scheduling.
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