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Introduction
In RAN1#82bis [1], UCI transmission on PUSCH was discussed with following agreements:
Agreements:
· For a Rel-13 UE, two beta offsets can be configured for HARQ-ACK transmission on a PUSCH 
· One beta offset (i.e. the existing RRC parameter) is applied when up to x HARQ-ACK bits are transmitted on PUSCH in a subframe  
· The other beta offset (i.e. a new RRC parameter) is applied when more than x HARQ-ACK bits are transmitted on PUSCH in a subframe 
· x = 22 if it is decided that there is no CRC for up to 22 HARQ-ACK bits, and x is FFS if it is decided to include a CRC
· Values of the new beta offset parameter FFS. 
In this contribution, we discuss the remaining issues on UCI transmission on PUSCH for Rel-13 CA.
Discussion
1.1 Channel coding for UCI on PUSCH
For HARQ-ACK on PUSCH, the same channel coding principles as defined on new PUCCH format shall be reused on PUSCH. That is, when total bits of HARQ-ACK are larger than 22 bits, TBCC with 8 bits CRC is used.   Otherwise, when total number of HARQ-ACK bits is larger than 11 bits, dual-RM coding is used.  RM coding is used for total number of HARQ-ACK bits is less or equal to 11 bits.
For RI on PUSCH, only channel coding of RI with at most 15 bits is defined in Rel-12. In Rel-13, there will be more than 15 bits RI with PUSCH CSI mode assuming at most 3-bit RI for each carrier and up to 32 CSI processes can be triggered in Rel-13, and there will be more RI bits with PUCCH CSI mode assuming at most 5 RI bits(together with first PMI) for each carrier and RI of multi-CC can be joint encoded and transmitted in the same subframe in Rel-13. Hence, channel coding with more than 15 RI bits shall be specified. For simplicity, the same channel coding principles as defined for HARQ-ACK in Rel-13 can be reused for RI.
For CQI/PMI on PUSCH, since when total number of CQI/PMI bits is larger than 11 bits, TBCC with 8 bits CRC is already supported on PUSCH.  There is no need to define a new channel coding scheme for CQI/PMI.
Proposal 1: The same channel coding principles of HARQ-ACK on new PUCCH format shall be reused at least for HARQ-ACK only transmissions on PUSCH or RI only transmission on PUSCH in Rel-13 CA.
Since multi-CC periodic CSI transmission and multiplexing of HARQ-ACK and multi-CC periodic CSI transmission for up to 32 DL CCs CA are supported on new PUCCH format, the same number of UCI information bits shall be also supported when UCI are transmitted on PUSCH and multiplexing with data. There are two methods to UCI on PSUCH in Rel-13 CA as follows:
· Option 1: Different types of UCI are separately encoded and the same RE allocation and mapping principles as defined in Rel-12 are reused
· Option 2: Different types of UCI are joint encoded as on new PUCCH format 4 or 5 and RE mapping for UCI on PUSCH can be similar as UCI on PUSCH without puncture
For option 1, the complexity of specification and implementation of UCI on PUSCH is lower than option 2 since principles in Rel-12 for UCI on PUSCH can be reused. However, there are more HARQ-ACK or RI bits transmitted in one subframe for PUCCH format 4 or 5 with up to 32 DL CCs CA compared with Rel-12 PUCCH format 3 with up to 5 DL CCs CA.   The resources on PUSCH with up to 4 SC-FDMA symbols used for HARQ-ACK and RI may not be enough, especially when PUSCH payload size is small with small number of PRBs are allocated. In addition, the UL-SCH performance would be impacted since more data REs are punctured by such larger number of of HARQ-ACK coded bits (e.g., 288 coded bits including CRC for PUCCH format 4). Furthermore, larger overhead will be introduced when independent TBCC encoding is used for HARQ-ACK and multiple periodic CSI with each having its own CRC.
For option 2, since joint coding of different types of UCI is already supported on new PUCCH, it can be directly reused when it is multiplexed with data on PUSCH without additional specification.  The CRC is calculated jointly among UCI as they are calculated in PUCCH format 4 or 5.  The CRC overhead is relatively small comparing with that of option 1. However, new RE mapping for UCI on PUSCH needs to be specified. One way is to multiplex the UCI coded bits with data coded bits and map to the REs of adjacent RB(s) to the resource allocated for the PUSCH for the transmission of all UCI type [2]. The eNB scheduler would include adjacent RB(s) for PUCCH format 4 or 5 as part of resource allocation for PUSCH.   .  The other concern is that two different principles for UCI on PUSCH could be used since when the total number of UCI bits are no more than 22 bits, PUCCH format 3 shall be used for UCI on PUCCH during dynamic PUCCH format adaptation.    Rel-12 principle for UCI multiplexing on PUSCH is used.
.
Proposal 2: The UCI encoding scheme and RE mapping should be FFS when UCI is multiplexed with UL-SCH data on PUSCH.


1.2 Definition of the other beta offset
In RAN1#82bis, it was agreed that additional beta offset is introduced for HARQ-ACK coded bits multiplexed with UL-SCH data bits on PUSCH.  Additional beta offset is introduce to accommodate the large range of HARQ-ACK with large variance of coding gains since the  TBCC has non-linear coding gain in relation to the code rate.   Hence, no matter joint coding or separate coding is used for UCI on PUSCH, more than one beta offset is needed.  Since there will be scenarios for CQI/PMI only or RI only transmitting on PUSCH, two beta offsets should be also defined for RI and CQI/PMI separately. 
Proposal 3: Two beta offsets shall be configured for CQI/PMI/RI transmissions on a PUSCH in Rel-13 CA.
1.3 X definition for partitioning two beta offsets 
Two beta offsets of HARQ-ACK are used for two different channel coding regions with different channel coding gains.  The principle of partitioning the channel coding regions would be minimizing the variance of the coding gain at each region For CQI/PMI, the switching point x should be similar to that of HARQ.    Since the coding gains between CQI/PMI with different channel coding method in previous release are the same with TBCC.. Hence, the switching point x to partition two regions of payload sizes with different coding gains should be further studied  with the optimization targeting in minimizing the variance of the coding gain in each region. 
Proposal 4: The switching point of beta offset selection shall be defined at X bits without CRC for HARQ-ACK  or RI multiplexed with UL-SCH data on PUSCH in Rel-13 CA. X is further studied
Conclusions
In this contribution, we discuss the remaining issues on UCI transmission on PUSCH for Rel-13 CA with following proposals:
Proposal 1: The same channel coding principles of HARQ-ACK on new PUCCH format shall be reused at least for HARQ-ACK only transmissions on PUSCH or RI only transmission on PUSCH in Rel-13 CA.
Proposal 2: The UCI encoding scheme and RE mapping should be FFS when UCI is multiplexed with UL-SCH data on PUSCH.
Proposal 3: Two beta offsets shall be configured for CQI/PMI/RI transmissions on a PUSCH in Rel-13 CA.
Proposal 4: The switching point of beta offset selection shall be defined at X bits without CRC for  HARQ-ACK or RI multiplexing with UL-SCH data  on PUSCH in Rel-13 CA.
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