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1 Introduction

In RAN1 #62 in Madrid, there are three reporting modes agreed for double codebook reporting in PUCCH as in R1-105067. Moreover, the down selection between the three modes is not precluded. In this contribution, we prioritize the three reporting modes.
As in R1-105067, the three reporting modes are proposed as follows:
· Mode 1: Extension of Rel.8 PUCCH Mode 1-1 with RI and W1 signaled in the same subframe
· Mode 2: Extension of Rel.8 PUCCH Mode 2-1

· Mode 3: Extension of Rel.8 PUCCH Mode 1-1 with W determined from a single sub-frame report conditioned upon the latest RI report in a previous sub-frame

The details of the three reporting modes are illustrated in the following figure:
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Figure 1 Details of proposed reporting modes (all feedback are wideband unless otherwise stated, such as in mode 2 when PTI = 1)
In the following text we discuss the three reporting mode respectively.
2 Detailed discussion regarding reporting modes
Mode 1: In mode 1, the precoding matrix is determined upon two reports: report 1 contains RI and W1, and report 2 contains W2 and CQI. In general, in mode 1, there seems sufficient payload size for W2 (maximum 4bit). Moreover, jointly reporting RI and W1 in one subframe can somehow exploit the fact the codebook size is smaller for higher ranks and henceforth can save some overhead. However, there are also two possible concerns regarding mode 1:
1) RI and W1 reporting have more number of bits than Rel-8 RI reporting. Using the method in [1] and the agreed 8Tx codebook in [2], there are totally 53 W1 hypotheses across ranks. Therefore, we would need 6 bits to jointly report RI and W1. However, there are only two bits for RI reporting in Rel-8 at most. According to the simulation in [1], there is approximately 3dB difference between the BLER for 2bit and 6bit reporting. Such difference could cause either some coverage degradation or more erroneous RI reporting. 

One possible solution is to subsample W1 to reduce the size of RI/W1 reporting, however it is still questionable if such subsampling will cause performance degradation. Moreover, even if the subsampling of W1 can reduce the size of RI/W1 reporting to 5bits, there are still 2.5dB difference between 2 and 5 bits reporting, therefore it is difficult to judge that W1 subsampling solves the RI/W1 bit size problem.
2) CQI calculation error. As we just discussed, the RI/W1 error probability can be more than Rel-8 RI. Because CQI is conditioned upon RI/W1/W2, CQI calculation is unavoidably affected by those errors. We have not seen convincing results on CQI calculation error impacts.
Overall we believe mode 1 is a promising mode but, the above aspects have not been carefully evaluated. We need, at least one more mode for a safe delivery of Rel-10 feedback.
Mode 2: In mode 2, two reporting types are differentiated by a one bit PTI (precoder type indicator) jointly reported with RI.

In case that PTI = 0, there are three reports: RI, W1, and W2/CQI. Compared with mode 1, this method improves RI (3bit) and W1(4bit) error probability for each report, compared with mode 1 (e.g., 5bit or 6bit RI/W1). However, using the data in [1], a simple calculation reveals that the total error probability (i.e., the probability that either RI or W1 is not correctly decoded) is not improved compared with 5bit RI/W1 joint report, and is not significantly improved compared with 6bit RI/W1. Moreover, this mode needs one more reporting instance on PUCCH compared with mode 1. Therefore, we do not see a strong necessity of this mode.
In case that PTI =1, there are three reports: RI/PTI, wideband CQI/W2, and subband CQI/W2. Mechanism similar to Rel-8 PUCCH mode 2-1 is applied. One possible modification is to predefine a subband cycling pattern to avoid indication of subband selection indicator due to the concern of payload size of report3. For this mode, we have following concerns 1) even in Rel-8, mode 2-1 is not less used very in practical deployments, compared with other PUCCH modes, 2) if we agree subband cycling, more standard effort will be needed to define the cycling pattern, and 3) even the signalling of W1 is not so clearly explained in the agreements. Therefore, we do not see a strong necessity of this mode, neither. Further details of mode 2 is proposed in October Xi’an meeting but not agreed [3]. Without further explanations of mode 2, we would consider this mode incomplete  and hence not so needed in Rel-10.
Mode 3: In mode 3, there are two reports: RI, W1/W2/CQI. This is the mode closest to Rel-8 mode 1-1. The main concern on this mode is the size of W1/W2 report (and consequently the possible throughput performance degradation.
We note that for rank 1, there is only one CQI (4bit). Therefore it is possible to allocate 7 bits to rank 1 PMI, which is exactly the maximum of rank 1 PMI. However, considering the many rank1 feedback occurs at cell edge (low SNR region), a conservative choice is to allocate 5 or 6 bits to rank 1 PMI, which allows 32 or 64 possible rank1 precoding vectors. We believe this is sufficient for rank 1 PMI.
For rank 2 and rank 3 PMI, there is some need to further subsample W1/W2 due to the four bit PMI size constraint. However we believe the system level performance impact is relatively marginal, especially combined with the 6bit or 5bit rank 1 PMI. For rank above 3, there is no need to do subsampling.
3 Conclusions
In this contribution, we discuss and compare the three modes for double codebook PUCCH reporting. Each of them has its own pros and cons. Mode 1 has RI reliability issue, mode 2 requires more standard effort, and mode 3 may possibly cause performance degradation. Considering those factors, for the purpose to finish Rel-10 in time, we propose the following:

1 Strive to complete the details of mode 2 in RAN1 #63

1.1 If the details can not be agreed, remove mode 2 in Rel-10

2 Mode 1 and 3 can be both kept in Rel-10 if there is not agreement to downselect one of them in RAN1 #63
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