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1. Introduction
In RAN1 #60 meeting, the following agreement has been reached for PUCCH UL CC:
· A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N, SR, and periodic CSI from a UE
In RAN1 61bis, the following is agreed as baseline for periodic CQI:
· For periodic CQI/PMI/RI reporting for CA, at least configuration of different (in time) PUCCH resources for reports for each CC is supported. 
This contribution analyzes other possibilities to report periodic CQI/PMI/RI, and gives our proposals to this issue.
2. Periodic CQI/PMI/RI feedback

Here give three examples of periodic CQI feedback, there are two component carriers:

Option 1: cyclic shift each CCs and the corresponding periodicities, as shown in figure 1. This option could totally avoid the CSI collision of different DL carriers, but the reporting periodicity of each carrier is much larger, which would make the CSI less accurate and degrade the downlink throughput.
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Figure 1 cycling each CCs and the corresponding periodicities

(the CQI periodicity of CC1 is 2 ms, and there are one wideband CQI and two subband CQIs, the CQI periodicity of CC2 is 5 ms, and only wideband CQI is reported)
Option 2: totally depends on eNB configuration, which would make different subframes feedback CSI of different CCs, this option could also avoid collision, and the CSI feedback accuracy would not be affected, but the restriction of eNB scheduling is very strict. A simple example is shown in figure 2, if the periodicity of CC2 is also 5ms as in figure1, the collision could not be avoided, because 2ms and 5ms are coprime, so here define periodicity of CC2 is 10ms, the details could be referred to contribution [1].
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Figure 2 different subframes feedback CSI of different CCs by eNB configuration
(the CQI priority of CC1 is 2ms, and there are one wideband CQI and two subband CQI, the CQI periodicity of CC2 is 10ms, and only wideband CQI is reported)
Option 3: Simultaneous CSI feedback of multiple DL CCs occurred in one subframe, and to solve the collisions, some of feedback information would be dropped, one simple way is feeding back only CSI information of one CC, and obviously the feedback accuracy would be affected more or less. Another issue is that details of which CC’s information could be dropped should be discussed.
Our views of priority of CSI information are given below:
1. the priority of RI>WB CQI/PMI>SB CQI

2. In case of more than one RI, RI with long periodicity is most prioritized.

3. In case of more than one WB CQI/PMI, WB CQI/PMI with long periodicity is most prioritized.

4. In case of more than one SB CQI, SB CQI with long periodicity is most prioritized.

In figure 3, for subframe 1, two WB CQI/PMI are collided, information of CC1 would be dropped, for subframe 11, one SB CQI and one WB CQI/PMI are collided, and information of CC1 would be dropped.
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Figure 3 simultaneous CSI feedback of multiple DL CCs occurred in one subframe

(the CQI priority of CC1 is 2, and there are two subband CQI, the CQI periodicity of CC2 is 5, and only wideband CQI is reported)
Option 4: simultaneous CSI feedback of multiple DL CCs occurred in one subframe, all the information would be jointly coded. This quite depends on which PUCCH format is used and the corresponding maximum payload size.
When PUCCH format 2 is used for CQI feedback, the maximum payload size is 13 bit, because of the RM coding. 
PUCCH format 3 by using DFT-s-OFDM could extend payload size, but the channel coding hasn’t been decided yet, e.g if 1/3 convolutional coding is used, the payload size could be extended to more than 16 bits. We propose that if option 4 is adopted to feedback CQI, the maximum payload size should be agreed first.
If the CSI payload sizes of all CCs is not larger than PUCCH capacity (13 bit for PUCCH format2 or more than 16bits for PUCCH format 3), all the CSI information could be jointly coded and contained in PUCCH of one subframe. If the CSI payload sizes of all CCs are less than PUCCH capacity, the prioritization principle of option 3 could also be used here until the information of higher priority fully compatible with the PUCCH capacity. The more detailed priority to fully fill in PUCCH is shown as below:
RI >wideband CQI/PMI for CW0 >wideband spatial differential CQI >subband CQI for CW0> additional 3-bit subband spatial differential CQI
3. Conclusions
In this contribution, four options to feedback periodic CQI/PMI/RI are analyzed:
Option 1: cyclic shift each CCs and the corresponding periodicities.
Option 2: totally depends on eNB configuration, which would make different subframes feedback CSI of different CCs.
Option 3: Simultaneous CSI feedback of multiple DL CCs occurred in one subframe, and to solve the collisions, some of feedback information would be dropped, one simple way is feeding back only CSI information of one CC.
Option 4: simultaneous CSI feedback of multiple DL CCs occurred in one subframe, all the information would be jointly coded. We propose that the maximum payload size has to be agreed firstly, if option 4 is adopted to feedback CQI.
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