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1 Introduction

Feedback channel structure for the four branch downlink MIMO has been discussed in several RAN WG1 meetings already. Several decisions have been made but some issues are left to be agreed and the purpose of this contribution is to discuss those. 
2 Feedback design
Feedback related decisions done in RAN1 #69bis are: 

Confirm working assumptions:

· Apply the LTE-Release 8 codebook for 4 transmit antennas

· Reuse the existing HARQ-ACK codebook of Rel-7 for single carrier
Agreements:
· Define a single new CQI reporting format for up to 4 layers (at least for 4 layer capable UEs)

· Rank restriction for some reports  FFS
Further discussion needed on:

· CQI/RI/PCI encoding:
· Time multiplexed PCI, Implicit RI

· CQI/RI/PCI in one subframe 

· Minimum reporting period
And RAN1 #66bis agreed to “Support operation with up to 4 carriers” which constraints the total number of CQI reports [1]. Furthermore, currently specified 8 carrier CQI feedback solution provides modular basis for the CQI feedback design. As it can also be assumed that 4 PCI bits are sufficient size for the precoding information feedback, following amount of feedback is required:
· ACK/NACK bits for each TTI and carrier: maximum of 2
· PCI information : 4bits per carrier
· Information on number of precoded layers: 2 bits per carrier
2.1 The PCI and CQI encoding

The current system has both UE preferred CQI (type A) assuming UE selected rank and the fallback CQI (type B) with rank 1 feedback, however it was agreed in RAN1 #69bis that only one type of CQI encoding is used for 4-branch MIMO. Usage of rank restriction is FFS. Hence if feedback for fallback scheme is desired that needs to be transmitted with the same encoding as preferred feedback but with the rank restricted to some value. The fallback CQI with smaller rank could be useful in cases where transmission buffer sporadically contains small amount of data. In these cases efficient adaptation can be made to lower rank increasing the robustness and efficiency of the system. It would seem beneficial to keep things similar to legacy and introduce rank restricted CQI with similar timing pattern definition as is currently used for type A/B CQI. 
Proposal 1: Introduce rank restricted fallback CQI with similar reporting pattern as in Rel-7 MIMO. 

Confirming the working assumption that the LTE Rel8. 4-Tx codebook is used means that 4 bits of PCI is required. Furthermore, the number of precoded layers needs to be informed separately. Maintaining the number of CQI values for rank 1 means that 31 entries need to be reserved. In the dual codeword cases one would allocate N2 entries for each codeword. Additional information is needed whether the number of layers equal 2, 3 or 4. If the joint encoding of rank and CQI is extended, the total number of entries in the table would equal Ntot=3*N2*N2 + 31 as illustrated in Figure 1. Assuming total of 10 bits would mean that N2= floor(sqrt((Ntot - 31)/3)) = floor(sqrt((210 - 31)/3)) = 18 which would leave some of the dual codeword indices unused for future evolution (current system has 15 entries). 
Alternative mapping would be to simply allocate 2 bits for the information of the number of layers and just use the Rel-8 MIMO CQI table of 8 bits totalling also 10 bits. The unused information is located in the layer information since the CQI table already contains partial information (whether the CQI value is for 1 or 2 codewords).
Proposal 2: Extend the current joint encoding of CQI and number of precoded layers
Further optimization into the 4x2 MIMO means limiting the maximum number of layers into 2. This would enable some overhead saving, namely the additional information on number of precoded layers is not needed. However, the overhead saving is small, only 2 bits.
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Figure 1. Joint encoding of type A CQI report.

In channel encoding point of view it seems that 14 information bits need to be encoded. While looking the amount of information it is clear that this does not fit well into the currently allocated space for the CQI report on the HS-DPCCH which equals 20 bits. This would mean use of a (20,14) -code. The physical channel allocation is discussed in more detail in the following sections but it could be assumed that twice the original space, i.e. 40 bits, need to be allocated for the channel encoded information as also summarized in Table 1. This does not fit very well into the current block encoding schemes for the CQI report where 5, 7 or 10 information bits are encoded into 20 bits. The block encoding could be doable though by concatenating 2 code blocks.

Observation:  14 information bits are needed for CQI report requiring more space from the physical channel

The block encoding alternative is to multiplex 7 bits into 1 block of (20,7)-code and rest of the bits into second (20,7) -code block. Second alternative would be to use convolutional encoding similar to the HS-SCCH part 1 solution. This could be more sophisticated in the channel coding point of view but requires definition of a puncturing pattern.

2.2 ACK/NACK feedback on HS-DPCCH
It has already been decided to use Rel-7 MIMO ACK/NACK coding for at least single carrier case. In 4-branch MIMO amount of CQI information is more dominant and ACK/NACK coding depends on other design choices made e.g. which spreading factor is used etc. 
The support for multiple carriers can be arranged by decreased spreading factor and/or increased number of codes as already done for the 8 carrier solution since this change is already needed due to the increased CQI reporting load. Another alternative would be to use for example the MIMO code for the multi carrier from table 15C.2 in TS25.212 [4]. However, the coding rate of this code is higher even though the change in the code rate is not needed in this case if the lower spreading factor is used. In other words, coding gain would be replaced by SNR gain from repetition which should lead to poorer performance. Co-existence of non-MIMO and MIMO cells could be more logical if each cell would be coded separately. Hence, use of Rel-7 MIMO code seems favourable also in multicarrier cases.
Proposal 3: MIMO ACK/NACK reporting code is based on Rel’7 single cell MIMO code also in multicarrier cases.
2.3 Simulation results on CQI encoding
Simulation results for performance of some CQI coding schemes in AWGN channel are shown in Figure 2. Simulated cases are
· case 1: 14 bit CQI
· case 2: 12 bit CQI optimized for 4x2 
· case 3: CQI scheme using two (20,10) block codes
· case 4: CQI scheme using LTE (20,13) block code 
First two cases are simulated both with block and convolutional code. The Y-Axis in figure is an error rate of a CQI report, which in block code case means that the CQI report is erroneous if error occurs in either of the two code blocks. As can be seen convolutional code outperforms block code. In block code case performance difference between 4x2 optimized case and non-optimized case is very small but in convolutional code there seems to be significant difference. Hence it can be discussed if introducing optimized version would make sense. 

There has been a proposal in [2] to use implicit rank indication by multiplexing two CQI reports in consecutive TTIs. In such case rank would be determined based on the two code blocks. If CQI encoding is used as is for the two blocks this method would provide ability to signal CQI separately for each transport block instead of codeword, which was not the intention. Hence, in CQI encoding point of view some of the information messages are not needed. Since the implicit rank signalling requires both two code blocks this method is here simulated as two (20,10) block code solution. It could be possible to improve performance further by utilizing the a priori information in the decoding from the fact that both transport blocks in the same codeword should have the same CQI. As the a priori information is not used in these simulations, the performance shown here is worst case for this method. 
It has also been proposed in [3] to use (20,13) LTE code for part 1. This method would allow transmitting one set of CQIs in one slot using SF 256. Since there are only 13 basic sequences in code it allows transmitting only 13 bits. Hence there is a need for one bit reduction in the reported information. 
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Figure 2. Performance of CQI coding schemes.

Figure 2 shows a basic coding performance of each scheme. That does not take into account spreading factor used in HS-DPCCH or possible need to use time multiplexing of CQI reports. Actually all schemes can be used both with SF 256 and multiplexing or with SF 128 without multiplexing. In (20,13) case using SF 128 is not necessary since it can already provide one complete report in every subframe, however repetition could be used to improve performance. If multiplexing is used with convolutional encoding the encoded report needs to be divided to CQI fields in different subframes. Hence CQI reporting delay will increase but the same applies to (20,10) coding case as well because rank needs to be decided before transmitting the first part of the CQI. 
Figure 3 shows performance comparison in case SF 128 is applied to cases 1 and 2 (similar to single carrier alternative 2 in Figure 4) but not the others. Figure has been created from Figure 2 by taking into account the 3 dB shift in performance from the spreading factor differences impacting cases 1 and 2. As can be seen the three best results are dual stream optimized convolutional code, (20,10) code and non-optimized convolutional code. However it should be noted that (20,10) scheme cannot provide complete report in every subframe. Hence it seems that even with these assumptions performance of convolutional coding appears to be the best. Based on simulations it is proposed to use convolutional coding for HS-DPCCH encoding for 4-branch MIMO.
It could be considered if channel interleaving is needed with convolutional encoding. If the code block is allocated inside the 2 slot period, the interleaving gain most probably is very small. However, if the code block spans two subframes as in the time multiplexed cases slight interleaving gain might exist.
Proposal 4: Use convolutional coding for CQI/PCI encoding for 4-branch MIMO.
Proposal 5: Discuss if dual stream optimized HS-DPCCH should be introduced.
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Figure 3. Performance of CQI coding schemes with SF compensation for cases 1 and 2.

Rate matching used in simulation has been according to section 4.2.7 in 25.212, i.e. it is using the general method which is used e.g. for DCH. Puncturing patterns for simulated cases with convolutional coding are shown in Table 1. In these simulations we don’t have any optimized puncturing patterns but as it is shown in [5] optimizing puncturing pattern does not seem to provide very large gain.

Proposal 6: Use puncturing pattern shown in Table 1.

Table 1. Puncturing patterns used in simulations.
	Coding scheme
	Punctured bit indices (index starts from 1)

	Convolutional code (40,14)
	1,3,6,8,11,13,16,18,21,23,26,28,31,34,36,39,41,44,46,49,51,54,56,59,61,64

	Convolutional code (40,12) (4x2 optimized)
	1,4,7,10,13,16,19,22,25,28,31,34,37,40,43,46,49,52,55,58


2.4 Physical Channel setup

The Figure 4 shows the physical channel arrangement proposal for the 4 branch MIMO. The arrangement is adapted from the 8 carrier configuration and the PCI/CQI report of carrier c is allocated into two PCI/CQI fields, the PCI/CQIc,0 and PCI/CQIc,1 totaling 40 bits. Two alternatives for single carrier solution are shown. Alternative 1 maintains the 256 spreading factor and divides the CQI report into two subframes. Maintaining the spreading factor might have coverage benefit but the CQI feedback cycle is slowed down. Also CQI information would be older since parts of one jointly coded report would be transmitted in two consequtive TTIs. Alternative 2 uses the recently introduced HS-DPCCH slot format with spreading factor 128 where the CQI report is contained in one subframe. There is extra space for the ACK/NACK field but repetition encoding can be efficiently used to gain in ACK/NACK performance which should be equivalent to increased spreading factor or just DTX could be applied. The alternative two is favoured mainly because the lower spreading factor HS-DPCCH slot format already exists and the CQI feedback cycle is not changed.
The dual carrier solution would extend into time multiplexing of carriers. The 3 and 4 carrier systems would use the second HS-DPCCH code for code multiplexing the information. 
The coexistence of non-MIMO, Rel-8 2 branch MIMO and Rel-11 4 branch MIMO can be arranged with this setup by just multiplexing the legacy format of non-MIMO or MIMO into the specific carrier field possibly using repetition.
Proposal 7: 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.
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Figure 4. The HS-DPCCH design overview showing the mapping if secondary cells are enabled and all of them are active.

3 Conclusion
In this paper we have discussed HS-DPCCH feedback coding schemes for 4-branch MIMO and made the following proposals:

Proposal 1: Introduce rank restricted fallback CQI with similar reporting pattern as in Rel-7 MIMO. 
Proposal 2: Extend the current joint encoding of CQI and number of precoded layers

Proposal 3: MIMO ACK/NACK reporting code is based on Rel’7 single cell MIMO code also in multicarrier cases.
Proposal 4: Use convolutional coding for CQI/PCI encoding for 4-branch MIMO.
Proposal 5: Discuss if dual stream optimized HS-DPCCH should be introduced.

Proposal 6: Use puncturing pattern shown in Table 1.

Proposal 7: 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.
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