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1 Introduction

In this contribution we discuss our views on coding and resources used for UCI on PUSCH for FDD and TDD. This topic was discussed at RAN1 #61bis where the following was agreed
· For up to 2 bits A/N (at least for single DL CC), reuse Rel-8 coding scheme

· For 3-11 (if needed) bits RI and A/N, reuse Rel-8 RM PUSCH UCI block code 

· If it is decided to be necessary to transmit more than 11 bits RI, code and number of bits at which the code switches is FFS

· Note: exact max number of RI bits to be supported is FFS.
2 Discussion

2.1 ACK/NACK transmission

It would be beneficial if there are as many similarities between the PUCCH and PUSCH ACK/NACK design as possible. For the PUCCH we have decided that the number of ACK/NACK bits that are transmitted is based on the number of configured component carriers. To achieve communality between the design between PUCCH and PUSCH it is beneficial to have the same approach on PUSCH. 

For the case of PUSCH it would not be preferred that the UE should encode transmissions only on the PCC as in Rel-8 when the UE is configured with multiple component carriers. If the UE misses one or several DL assignments, the number of ACK/NACK resource used by the UE will then decrease dramatically which will make it difficult for the eNB to decode the ACK/NACK message correctly.

If the UE is not configured with multiple component carriers, it should however behave as in Rel-8/9, since a Rel-10 UE shall behave as a Rel-8/9 UE in case it is not configured with Rel-10 features in order to be able to function correctly in Rel-8/9 network.

Proposal: 

· If the UE has only a single component carrier configured it shall use the Rel-8/9 coding and resource scheme

· If the UE is configured with multiple component carriers, the UE should base its PUSCH ACK/NACK codebook-size on the number of configured component carriers

For FDD the UE has the possibility to feedback 10 ACK/NACK and for this case it would be possible to reuse the same RM(32, O) code as for PUCCH format 3. For TDD, similar as with FDD it is beneficial to have a similar design between PUCCH and PUSCH. For TDD, in case it would be agreed that the UE should feedback 20 bits on PUCCH, the same should also apply on PUSCH including the coding method and the codebook size.

Proposal:
· In case 20 bits of ACK/NACK is supported in TDD on PUCCH, the same coding and codebook sizes should applied to PUSCH. 
2.2 RI transmission

If rank is reported for 5 DL cells with the possibility of 8 layers in the same PUSCH transmission it will in total be 15 bits RI bits. With the reuse of coding mechanisms from Rel-8 two possibilities exist, either to reuse the tail-biting convolutional code or to use a dual RM code. In [1], we evaluate the performance difference between tail-biting convolutional code and the dual RM code in case PUCCH format 3 is used. Although there are some small differences between PUCCH format 3 and PUSCH, the simulation results should be possible to use as an indication if there is any large performance difference between the two different coding methods. The results show that the two coding methods are very equal in performance. To be able to achieve similarity to the code design up to 11 bits it would be preferred to use the dual RM code in the bit range 11 to 15 bits.

Proposal:
· For 12-15 bits of RI use dual Rel-8 RM (32, O) code
2.3 CQI transmission

For Rel-10 it is expected that the aperiodic CQI/PMI reports will grow in size both due to new reporting formats based on the work in eDLMA WI and also for the case when aperiodic CQI/PMI for multiple DL cells are reported in the same PUSCH transmission. In Rel-8/9 the maximum aperiodic CQI/PMI report is 72 bits including CRC. This report is encoded with the tail-biting convolutional code. At the point of around 80 bits the turbo code will start to perform better than the tail-biting convolutional code. This should be considered in the remaining work in the WI’s on carrier aggregation and eDLMA.

For carrier aggregation in case CQI/PMI is multiplexed with data there could be an issue with resource waste. Because for carrier aggregation if CQI/PMI is reported for several component carriers in a single PUSCH transmission the number of CQI/PMI bits will be very large. The current resource allocation scheme in Rel-8 when assigning resources for CQI/PMI does not take into account that the code rate of the data will change at the same time as CQI/PMI resources are allocated. This would however be beneficial to do to get a better resource management on PUSCH. An example of such a resource formula is given below.
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The resource formula is evaluated in ‎[2]. The same principle can also be applied for RI and ACK/NACK however the issues are largest with CQI since it is clearly the large feedback type.

Proposal:
· Adopt a resource allocation formula that takes into account the size of the feedback bits when calculating the code rate of the data

3 Conclusion
In this contribution we discuss coding and resource handling of UCI on PUSCH, based on the discussion we propose
· If the UE has only a single component carrier configured it shall use the Rel-8/9 coding and resource scheme

· If the UE is configured with multiple component carriers, the UE should base its PUSCH ACK/NACK codebook-size on the number of configured component carriers

· In case 20 bits of ACK/NACK is supported in TDD on PUCCH, the same coding and codebook sizes should applied to PUSCH. 
· For 12-15 bits of RI use dual Rel-8 RM (32, O) code
· Adopt a resource allocation formula that takes into account the size of the feedback bits when calculating the code rate of the data
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