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1
Introduction
An open issue in eCA is whether the different UCI fields are jointly or separately coded. In this document we discuss the issue for both the new PUSCH like PUCCH format (called Format 4 below) and transmission of UCI on PUSCH. We present simulation results on comparison of joint and separate coding. We note that the PUCCH format 4 agreement in RAN1 #82 (shown below) leads to more equal target error rates of different UCI, which favors joint coding. 
Agreement: The number of CRC for more than 22 HARQ-ACK/SR bits is 8 bits. 
In Section 2.4 we express our support on the idea of HARQ-ACK scrambling.
2
Discussion
2.1 Performance comparison of joint and separate coding 
Simulations were made for PUCCH with PUSCH-like structure, Tail-Biting Convolutional Coding (8-bit CRC per code block), one PRB allocation, 1TX/2RX, and EPA3 Channel. A frequency hop was applied between the slots. 
Figures 1(a) – 1(d) compare the performance when two blocks of equal number of control information bits (24+24, 32+32, 48+48, or 64+64 bits, excluding CRC) are jointly or separately coded. The figures show the expected behaviour that joint coding starts to perform clearly better with reducing block size. The difference with the block size of 24+24 bits is more than 1 dB for 1% BLER and it can be understood to be due to larger CRC overhead and smaller coding gain with smaller code blocks. 
Observation 1: Joint coding gives a clear performance gain already with moderately large code blocks.
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Figure 1: Comparison of joint and separate coding when two blocks with equal size of 24, 32, 48 or 64 bits are transmitted.
2.2 Coding of UCI transmitted on PUCCH
It is apparent that when BLER targets of different UCI are roughly equal, joint coding is preferred. We think this could be typical case for eCA with CRC included for HARQ feedback. As also specification of joint coding is straightforward, we propose that 
Proposal 1: Joint coding is specified for UCI transmission on PUCCH in eCA. 
The need for separate coding on PUCCH is questionable. Separate encoding can be seen rather as an optimization which in some cases may allow for some resource saving and consequently potentially also performance benefits. On the other hand, the benefits, if any, would come at the cost of increased complexity, given that the payload sizes of different UCI fields will vary from one subframe to another and in order to get maximum benefits, rules would be needed for deciding whether separate or joint coding should be applied in a given subframe and what is the exact way to split resources among different UCI fields in the case of separate coding. In our view the need for separate encoding of different UCI fields on PUCCH is somewhat unclear and the gain vs. complexity of separate coding would need to be considered carefully before support for separate coding could be agreed.
Observation 2: Careful analysis on the gains vs. complexity is needed before separate coding for UCI on PUCCH can be adopted for eCA.  
2.3 Coding for UCI transmitted on PUSCH
Although we see the value of separate coding questionable for UCI on PUCCH, it is clear that separate coding needs to be introduced for A-CSI transmission on PUSCH because in case of A-CSI the payload size of the rest of the CSI is determined based on RI. 
Observation 3: Separate coding of RI is needed when UCI on PUSCH includes A-CSI.
As RI anyway needs to be separately coded, the simplest way would then be to keep the Rel-12 multiplexing principles for UCI on PUSCH, i.e. RI, HARQ-ACK and CSI are each separately encoded. However, besides the need to code RI separately, there were also other reasons for specifying separate coding of different UCI for PUSCH transmission. Separate coding of ACK/NACK and using puncturing for mapping to PUSCH allowed (1) simple way of handling the ACK/NACK DTX uncertainty (eNB not knowing for sure if UE included ACK/NACK at all) when receiving data or other control information, and (2) mapping encoded ACK/NACK next to the reference signals. Using UL DAI would remove the DTX uncertainty when PUSCH is triggered with DCI format 0/4, which could then make joint coding of UCI, excluding RI, more attractive than before. However, the cases where PUSCH transmission is triggered without DCI for non-adaptive retransmissions or for the first transmissions with SP scheduling should then be handled separately. This would complicate specification and implementation and, like with PUCCH, careful analysis on the benefits vs. complexity would be needed before decision an adopting both separate and joint coding in the standard. As we do not see eCA causing necessary essential changes on the present system of UCI transmission on PUSCH [1] we propose:

Proposal 2:  Maintain in eCA the Rel-12 principle of separate coding of different UCI fields on PUSCH.      
2.4 Scrambling of HARQ feedback bits
In Ref. [2] it was noted that scrambling of HARQ-ACK bits prior to encoding can considerably improve the performance because without scrambling the encoder input tends to contain mainly 1’s (ACK states), which is not optimal for decoding. We think the gain is worth the small complexity increase and propose:

Proposal 3: Apply pseudo-random scrambling to the HARQ-ACK information bits prior to encoding
3
Conclusion
Our observations and proposals on separate and joint coding of UCI for eCA are:

Observation 1: Joint coding gives a clear performance gain already with moderately large code blocks.
Proposal 1: Joint coding is specified for UCI transmission on PUCCH in eCA.
Observation 2: Careful analysis on the gains vs. complexity is needed before separate coding for UCI on PUCCH can be adopted for eCA.  

Observation 3: Separate coding of RI is needed when UCI on PUSCH includes A-CSI.

Proposal 2:  Maintain in eCA the Rel-12 principle of separate coding of different UCI fields on PUSCH.      
Furthermore, we support the idea of HARQ-ACK scrambling:
Proposal 3: Apply pseudo-random scrambling to the HARQ-ACK information bits prior to encoding
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