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1. Introduction

In RAN1#60 meeting, there is a conclusion that a single UE specific UL CC is semi statically configured for carrying PUCCH A/N,SR, and periodic CSI from a UE. 
In RAN1#61bis meeting, agreement  of methods for A/N multiplexing is that for Rel-10 UEs that support up to 4 A/N bits: PUCCH format 1b with channel selection, for Rel-10 UEs that support more than 4 A/N bits: DFT-s-OFDM
2. Simultaneous transmission of various UCI combinations
2.1. ACK/NACK+SR
2.1.1 In case of PUCCH format 1b with channel selection

PUCCH format1b with channel selection supports up to 4bit ACK/NACK, if rel-8’s SR and ACK/NACK multiplexing is reused, the CC bundling maybe needed to reduce the number of ACK/NACK bits to 2 bit. However since the correlation between different CCs is low, CC bundling may bring some ACK/NACK information reduction. So how to reduce ACK/NACK to 2 bits is an important problem to be handled.

Another method is by using multi sequence transmission, which means that UE could use assigned ACK/NACK resources as well as SR resources. But the single carrier property is destroyed by non contiguous PUCCH locations.

2.1.2 In case of DFT-s-OFDM
For more than 4 bit ACK/NACK transmission, new format of DFT-s-OFDM is used, there are mainly two alternatives to multiplex ACK/NACK and SR [4], the first alternative is that SR bit is jointly coded with ACK/NACK bits, from theoretical perspective, the coding rate of ACK/NACK is impacted by possible SR transmission.

Similar as PUCCH format 2a/2b when CQI and ACK/NACK could be multiplexed by using reference signal of format 2a/2b to carry ACK/NACK, another alternative is multiplexing SR on one of the reference symbols. However the channel estimation performance would be affected by 1 bit SR, and further the ACK/NACK BER performance. But channel estimation and decoding of the multiple ACK/NACK bits can be handled the same way as in absence of SRI information after the SRI bit has been decoded.
2.2. SR+CQI
Rel-8 scheme: In case of collision between CQI/PMI/RI and positive SR in a same subframe, CQI/PMI/RI is dropped.
Transmission of periodic CQI for multiple CCs in Rel-10, there is more opportunity to collide with SR, so SR and CQI are jointly coded to transmit by PUCCH format 2 or PUCCH format 3，which should be considered later. In case of total bits of SR and CQI are more than the maximum payload size of PUCCH format 2(13bits) and PUCCH format 3(more than 16bits), the CQI information with low priority could be dropped.
2.3. ACK/NACK+CQI
Rel-8 scheme: In case of collision between CQI/PMI/RI and ACK/NACK in a same subframe, CQI/PMI/RI is dropped if the parameter simultaneousAckNackAndCQI provided by higher layers is set FALSE. CQI/PMI/RI is multiplexed with ACK/NAK otherwise. 
· 1bit or 2 bit ACK/NAK are multiplexed on reference signal symbol for normal CP
· ACK/NAK and CQI are jointly coded for extended CP
In Rel-10, in case of ACK/NACK bits are less than or equal to 2 bits, Rel-8 scheme could be reused.
In case of ACK/NACK bits are more than 2 bits and less than or equal to 4 bits, ACK/NACK and CQI could also be jointly coded, and drop CQI with low priority to fit the capacity of PUCCH format2.

In case of ACK/NACK bits are more than 4 bits, PUCCH format 3 would be used to transmit ACK/NACK, and the payload size would be much larger (1/3 convolution coding without rate matching are 16bits), which provide more opportunity to jointly coded ACK/NACK bits and CQI bits, and also CQI with low priority could be dropped if the total payload size is larger than the maximum payload size of PUCCH format 3.
2.4. ACK/NACK + SRI + CQI
Rel-8 scheme: when ACK/NACK, SR and CQI are collided, CQI should be dropped.
As the similar reason as SR and CQI multiplexing, periodic CQI transmission of multiple CCs have more opportunity to collide with SRI and ACK/NACK, so jointly coded ACK/NACK and SRI and CQI may also be considered. And the detailed transmission scheme could refer to ACK/NACK+CQI multiplexing, treating SR as 1 ACK/NACK bit.
2.5. Simultaneous Transmission of PUCCH and SRS

Rel-8: A UE shall not transmit SRS whenever SRS and PUCCH format 2/2a/2b transmissions happen to coincide in the same subframe.
A UE shall not transmit SRS whenever SRS and ACK/NACK and/or positive SR transmissions happen to coincide in the same subframe unless the parameter Simultaneous-AN-and-SRS is TRUE, in which case shortened PUCCH format 1/1a/1b shall be used.
In rel-10, for PUCCH format 3, shortened format has been defined at last meeting, and the shortened PUCCH format 1 has already exist, so the only problem is for PUCCH format 2.
As periodic CQI maybe more often collide with SRS, because of CA, if Rel-8 scheme of PUCCH format 2 is reused, SRS will always be dropped, which would obviously affect the UL measurement, so a new scheme to solve this problem should be discussed.
3. Conclusions

This contribution discussed UCI multiplexing in PUCCH, and considered the following proposals:

· For ACK/NACK and SR multiplexing, in case of channel selection, rel-8’s SR and ACK/NACK multiplexing is reused, the CC bundling maybe needed to reduce the number of ACK/NACK bits to 2 bit. In case of DFT-s-OFDM, SR bit is jointly coded with ACK/NACK bits, or SR bit is multiplexed on one of the reference symbols.

· CQI could be transmitted by using PUCCH format 3 as well as PUCCH format 2.

· SR and CQI are jointly coded to transmit by PUCCH format 2 or PUCCH format 3 should be considered later. In case of total bits of SR and CQI are more than the maximum payload size of PUCCH format 2(11bits and PUCCH format 3(more than 16bits), the CQI information with low priority could be dropped.

· ACK/NACK and CQI could also be jointly coded, and drop CQI with low priority to fit the PUCCH capacity.
· Considering jointly coded ACK/NACK, SRI and CQI, and the detailed transmission scheme could refer to ACK/NACK+CQI multiplexing, treating SR as 1 ACK/NACK bit.

· A new scheme to solve the problem of SRS and PUCCH collision when using PUCCH format 2 should be discussed.
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