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1. Introduction
The following UCI combinations on PUCCH are supported in Rel-8/9;

· Simultaneous transmission of SR and A/N

· Simultaneous transmission of CQI and A/N (normal CP case)

· CQI dropping in CQI+A/N (higher layer configuration)

The main principles in this contribution are;

· All PUCCH combinations supported in Rel-8/9 should be also supported in Rel-10.
In this contribution, we discuss UCI multiplexing both for channel selection and for PUCCH format 3 on PUCCH focusing on;

· Simultaneous transmission of SR+ACK/NACK 

· Simultaneous transmission of CSI+ACK/NACK 

2. UCI Multiplexing on PUCCH
2.1 SR+A/N
For PUCCH format 3, the following was agreed in RAN1 62bis;

· In case of SR+ACK/NACK is transmitted with PUCCH format 3, positive/negative SR is indicated in an SR occasion by appending an extra information bit at the end of ACK/NACK information bits
· If no PDCCH corresponding to PDSCH on SCells is received, and PDSCH is received on the PCell, Rel-8 PUCCH 1a/1b resource is used.
Although the simultaneous transmission of SR+A/N was agreed by joint coding approach for PUCCH format 3, the UE behaviour is not clear when there is no PDCCH corresponding to PDSCH on SCells for SR+A/N. It seems natural that Rel-8 SR resource is used for SR+A/N in case of positive SR since a UE cannot know the exact resource for PUCCH format 3 in receiving PDSCH on PCell only.
Proposal 1: 
· As for a PDSCH (or a PDCCH indicating DL SPS release) reception only on PCell for PUCCH format 3, Rel-8 SR resource is used for SR+A/N when SR is positive.
As supported in Rel-8/9, both SR and A/N should be able to be transmitted in the same subframe since both SR and A/N are most important UCI. Therefore, we discuss the ways to convey additional one bit for SR with A/N information for channel selection.

For channel selection, it is difficult to convey full SR and A/N information without loss of A/N information in a given number of PUCCH resources since the number of conveyable information bits is dependent on the used (or assigned) PUCCH resources. For example, assuming a UE should transmit 4 A/N bits and 1 bit SR in a subframe, double additional PUCCH resources are needed to support 5 bits. 
Therefore, we propose that the bundled ACK counter is transmitted on SR resources when the SR is positive in a given SR subframe. In case SR is negative, (multi-bit) A/N is transmitted by channel selection using given PUCCH resources. The concept might be similar to Rel-8 TDD in SR+A/N, but it is noted that the bundled ACK counter on SR resource, in case SR is positive, is proposed to reduce the probability of overlapped states. In addition, since there is no DAI in FDD, the Rel-8 TDD mapping table for SR+A/N may not be applicable as it is. Also, in order to further reduce overlapping states, it is proposed that two SR resources are used for a UE configured by channel selection in carrier aggregation as seen in Table 1.
Table 1 Mapping table for SR+A/N using two SR resources
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Proposal 2: 
· For SR+A/N in channel selection, the bundled ACK counter is transmitted on two SR resources as seen in Table 1 when the SR is positive in a given SR subframe. In case SR is negative, (multi-bit) A/N is transmitted by channel selection using given PUCCH resource(s).
2.2 CSI+A/N

For CSI+A/N case, CSI dropping (both for normal and extended CP) and simultaneous transmission (both for normal and extended CP) are supported in Rel-8/9. The similar way can be considered for channel selection and for PUCCH format 3 in carrier aggregation. In details,
· For channel selection,
· If Simultaneous-AN-and-CSI = False,

· CSI is dropped and A/N is transmitted by channel selection.

· Else, the multiplexed CSI+A/N can be transmitted by;

· The bundled ACK counter is modulated on the second RS symbol in each slot using PUCCH format 2b for normal CP case. The bundled ACK counter is jointly encoded with CSI on PUCCH format 2 for extended CP case as similar to Rel-8.
· For PUCCH format 3,

· If Simultaneous-AN-and-CSI = False,

· CSI is dropped and A/N is transmitted on PUCCH format 3.

· Else, the multiplexed CSI+A/N can be transmitted by;

· The CSI and A/N are jointly coded on PUCCH format 3.
· For FDD: Joint coding of individual A/N and CSI

· For TDD: Joint coding of bundled ACK counter per CC as in mode b and CSI
In addition, it was agreed that, for FDD, Rel-8 PUCCH format 1a/1b is used when a single PDSCH is received on PCell and there is no PDCCH corresponding to SCells. If a UE does not receive any PDCCHs for SCells, the UE cannot know the exact PUCCH resource to be used for PUCCH format 3 (at least for FDD. TDD RA for PUCCH format 3 should be decided). Therefore, when a single PDSCH is received on PCell only for PUCCH format 3, it is desirable that PUCCH format 2a/2b for normal CP (or joint coding on PUCCH format 2 for extended CP) is used as Rel-8.
Proposal 3: 

· For channel selection,

· If Simultaneous-AN-and-CSI = False,

· CSI is dropped and A/N is transmitted by channel selection.

· Else, the multiplexed CSI+A/N can be transmitted by;

· The bundled ACK counter is modulated on the second RS symbol in each slot using PUCCH format 2b for normal CP case. The bundled ACK counter is jointly encoded with CSI on PUCCH format 2 for extended CP case as similar to Rel-8.

· For PUCCH format 3,

· If Simultaneous-AN-and-CSI = False,

· CSI is dropped and A/N is transmitted on PUCCH format 3.

· Else, the multiplexed CSI+A/N can be transmitted by;

· The CSI and A/N are jointly coded on PUCCH format 3.

· For FDD: Joint coding of individual A/N and CSI

· For TDD: Joint coding of bundled ACK counter  per CC as in mode b and CSI
· As for a PDSCH (or a PDCCH indicating DL SPS release) reception only on PCell, Rel-8 rules for CSI+A/N on PUCCH format 2/2a/2b are used.
3. Conclusions
In conclusion, we summarize our proposals for UCI multiplexing on PUCCH as follows;
· Proposal 1: As for a PDSCH (or a PDCCH indicating DL SPS release) reception only on PCell for PUCCH format 3, Rel-8 SR resource is used for SR+A/N when SR is positive.
· Proposal 2: For SR+A/N in channel selection, the bundled ACK counter is transmitted on two SR resources as seen in Table 1  when the SR is positive in a given SR subframe. In case SR is negative, (multi-bit) A/N is transmitted by channel selection using given PUCCH resource(s).
· Proposal 3: 

· For channel selection,

· If Simultaneous-AN-and-CSI = False,

· CSI is dropped and A/N is transmitted by channel selection.

· Else, the multiplexed CSI+A/N can be transmitted by;

· The bundled ACK counter is modulated on the second RS symbol in each slot using PUCCH format 2b for normal CP case. The bundled ACK counter is jointly encoded with CSI on PUCCH format 2 for extended CP case as similar to Rel-8.

· For PUCCH format 3,

· If Simultaneous-AN-and-CSI = False,

· CSI is dropped and A/N is transmitted on PUCCH format 3.

· Else, the multiplexed CSI+A/N can be transmitted by;

· The CSI and A/N are jointly coded on PUCCH format 3.

· For FDD: Joint coding of individual A/N and CSI

· For TDD: Joint coding of bundled ACK counter per CC as in mode b and CSI

· As for a PDSCH (or a PDCCH indicating DL SPS release) reception only on PCell, Rel-8 rules for CSI+A/N on PUCCH format 2/2a/2b are used.
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