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1 Introduction

Herein we discuss the rule for selecting the data codeword onto which the CQI/PMI is multiplexed. The current agreement is that the selection rule should be based on the MCS of the data codewords. The alternative was to multiplex the CQI/PMI with the data codeword that has the largest transport block size (TBS). 
The design ambition of the selection rule of the CQI/PMI to data codeword mapping, has been that the CQI/PMI should be multiplexed with the data codeword that has the highest capacity, and thereby
1) Maximize the supported UCI signaling capacity

2) Minimize the relative overhead of UCI on the assigned data codeword

The first point has obvious advantages, in particular in systems deploying carrier aggregation where the aggregated CQI/PMI is multiplexed on a single component carrier. 
The second point is also essential as to minimize the impact of CQI/PMI on the data codeword. A large relative CQI/PMI overhead on the assigned data codeword will, for example, impact as follows:
· The efficiency of the turbo code for data is degraded for short block lengths

· The link adaptation at the eNodeB will have to make significant back-offs in the data MCS to avoid data outage 

· Such back-offs increases the CQI/PMI overhead additionally (Since the spectral efficiency of the data resources is further underestimated) [1]. This can however be alleviated by updating the resource allocation formula with a regularization to account for large UCI payload sizes [1]. 
· Large MCS back-offs causes significant problems with the “ping-pong” effect, where also the MCS of the complementary data codeword must be reduced, solely to avoid a switch in CQI/PMI to data-codeword mapping.
Max TBS: The main benefit of the max TBS rule is that it fulfills the design goal for all transmission ranks for initial transmissions. The identified drawback was that for retransmissions with an allocation bandwidth that differs from the initial transmission, the TBS will not accurately represent the corresponding supported spectral efficiencies of the two codewords. That is, if the bandwidth is reduced, then the TBS still refers to the supported payload of the initial (larger) bandwidth allocation.
Max MCS: The main benefit of basing the CW selection decision on the largest MCS is that the criterion becomes robust to changing bandwidth allocations in retransmissions. Moreover, for transmission rank 1, 2 and 4, the selection rule is equivalent to that of max TBS (for initial transmissions) and thus achieves the design goal for these ranks. However, for rank 3 transmissions, the two data codewords are mapped to different number of layers. Hence, if the two data codewords have the same MCS, then the second codeword has roughly twice the capacity of the first codeword (since it is mapped to two layers). However, the current state of the agreement does not account for the number of layers a codeword is mapped onto, and as a consequence the CQI can be mapped to a data codeword that only has about half the capacity as the complementary codeword. 

Observations:

· Max TBS Selection Rule: Achieves the design goal for initial transmissions, but not for retransmissions that has a different bandwidth allocation than the initial transmission

· Max MCS Rule: Achieves the design goal for rank 1, 2 and 4, but not for rank 3 transmissions.
2 Modified CQI/PMI Data-Codeword Selection Rule
To address the deficiency for rank 3 transmissions of the current max MCS selection rule the number of layers a data-codeword is mapped onto should be part of the selection criterion. In [3] it was proposed to update the selection criterion to

Max MCS x NL, 

where MCS refers to the number of information bits per coded modulation symbol (of the data codeword) and NL is the number of layers the codeword is mapped onto. 
It should be noted that for rank 1, 2, and 4, this criterion is equivalent to the current agreement, but for rank 3 it meets the design goal with a more fair/efficient CQI/PMI to data codeword mapping.

This proposal combines the advantages of both the max TBS and the max MCS rule, in that the selection rule becomes robust to changing bandwidths in retransmissions, but also meets the design goals for all transmission ranks.

Proposal:

· The TB with the highest initial MCS x NL is selected for the CQI/PMI transmission

· MCS is the number of information bits per coded modulation symbol

· NL is the number of layers the codeword is mapped onto

3 Conclusion

Herein we discuss the selection criterion for selecting the data codeword onto which the CQI/PMI is multiplexed. We made the following observations with regards to criteria that has currently been on the table:
Observations:

· Max TBS Rule: Achieves the design goal for initial transmissions, but not for retransmissions that has a different bandwidth allocation than the initial transmission

· Max MCS Rule: Achieves the design goal for rank 1, 2 and 4, but not for rank 3 transmissions.
To resolve these deficiencies and achieve the advantages of both selection rules, we propose to adopt the following proposal
Proposal:

· The TB with the highest initial MCS x NL is selected for the CQI/PMI transmission

· MCS is the number of information bits per coded modulation symbol

· NL is the number of layers the codeword is mapped onto
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