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1. Introduction

In RAN1 #58bis meeting, the following was agreed for periodic CSI reporting:

· Periodic CSI reporting for up to 5 DL CC supported

· Semi-statically mapped onto one UE specific UL CC

· Following Rel8 principles for CQI/PMI/RI

· Consider ways to reduce reporting overhead, e.g. DL CC cycling

· Consider ways to support extending CSI payload

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 meeting, the following has been agreed as a baseline for periodic CSI reporting:

· For periodic CQI/PMI/RI reporting for CA, at least configuration of different (in time) PUCCH resources for reports for each CC is supported. 

· Additional possibilities are FFS until RAN1#62.

However, independent configuration of periodic reporting on the PUCCH may result in collision whereby CQI/PMI/RI reports of more than 1 downlink CC are scheduled to be reported at the same time instance because of the different configurations and periodicities of the CQI/PMI/RI reports. Furthermore, due to the limited capacity of the PUCCH, it is most likely that periodic report from only 1 CC can be transmitted on the PUCCH at any given time instance. Hence, in the event of a collision, there is a need to prioritize amongst the CQI/PMI/RI reports of the DL CCs. In this contribution, we propose different forms of prioritization for reporting periodic CQI/PMI/RI on the PUCCH. 
2. Transmission of periodic CQI/PMI/RI on PUCCH for CA
In Rel-10, in order to support CA, it has been agreed to support the periodic CQI/PMI/RI reporting for up to 5 DL CCs on a single UE-specific UL CC PUCCH. However, due to the limited capacity of the PUCCH (e.g. in Rel-8 up to 11 CQI/PMI/RI bits can be transmitted), it might not be possible to transmit the CQI/PMI/RI reports from all configured CCs at the same time instance (referred to as a collision scenario).  For instance, following Rel-8 rules, the CQI reporting period can be configured by the eNodeB from the following values {2, 5, 10, 16, 20, 32, 40, 64, 80, 128, 160} ms or OFF (for FDD) [4]. Assuming Rel-8 principles of CQI (i.e. 4 bit CQI overhead), the overhead for CQI reporting for multiple CCs (e.g. 5CCs x 4 = 20 bits) become enormous especially for the short reporting period case. 

One method of reducing the overhead for multiple component carriers is by imposing a restriction on the minimum reporting period for multiple CC reporting [5]. 

Proposal 1. Impose a restriction on the minimum reporting interval for multiple CC reporting in Rel-10 e.g. when 5 CCs are configured, a minimum reporting period of 2 ms cannot be supported
The above proposal helps to reduce the number of collisions but it might not be possible to avoid all collision scenarios. Hence, there might be a need to prioritize the CQI/PMI/RI report from different CCs such that the UE feeds back the CQI/PMI/RI with the highest priority. For reporting periodic CQI/PMI/RI feedback from the same cell, it might be straightforward to re-use Rel-8 rules to deal with collisions e.g. RI is prioritized over wideband CQI/PMI which in turn is prioritized over subband CQI/PMI [6]. However, whether Rel-8 rules should also be applied for the case of collision involving multiple CCs is not so straightforward. This is because at certain time instances, the channel quality in a particular CC might be significantly better than the other CCs and it might not be useful to report the channel quality of the inferior CC when there is a collision with the CQI/PMI/RI report of the CC with the good channel quality (as would be done if Rel-8 rules were to be followed e.g. RI report collision of the inferior CC with the CQI report of the better CC). Furthermore, pre-configured RRC signalling of the CC ordering might not be able to take into account the flexible nature of the channel variations. Hence, we propose ways in which the CQI/PMI/RI report of the CC with the better channel quality is prioritized over the other CCs. 
One way to prioritize the CQI/PMI/RI feedback of a CC with a better channel quality is that in the event of a collision of a CQI/PMI/RI report of multiple CCs, to report the CQI/PMI/RI of the CC with a higher RI. This means that priority order will be set on each set of reports within a RI reporting interval (e.g. the red line in Figure 1). By applying the above mechanism, dynamic change of priority order of CCs can be achieved without any ambiguity on eNB side since criteria of priority order is last reported periodic RI values and these values have been shared among eNB and UE. Hence, the CQI/PMI/RI information for MIMO transmission (i.e. more than Rank 1 transmission) can be prioritized over the CQI/PMI information for single antenna transmission (i.e. Rank 1 transmission). 
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Figure 1: One example of the priority order of different CCs (based on the last reported periodic RI values)
Proposal 2. In the event of a collision of periodic CQI/PMI/RI reports of more than 1 CC, the priority order of different CCs can be determined by the last reported periodic RI values. (For transmission modes other than transmission mode 3/4/8/9, rank 1 is conditioned. In the absence of a last reported RI, the lowest possible RI as given by the bitmap parameter codebookSubsetRestriction is conditioned).
Based on the above Proposal 2, we can resolve the collision between the CSI information of MIMO configured DL CCs if different RI values are reported.  On the other hand, there remains the possibility of collisions in the following cases, since the same RI values are assumed because of the RI values definition in proposal 2.

· The collision among configured DL CCs with the same last reported periodic RI values
· The collision among multiple non-MIMO DL CCs[7]
· The collision among non-MIMO DL CC(s) and MIMO DL CC(s) with RI=1

Therefore, we propose the following to solve the above cases:
Proposal 3. In case of a collision of periodic CQI/PMI/RI reports of CCs with the same last reported RI value, the priority order of different CCs can be configured using RRC configuration. 
3. Conclusions

In this contribution, we discussed prioritization of CQI/PMI/RI reporting for multiple CCs for the case of CA. We propose the following:

Proposal 1. Impose a restriction on the minimum reporting interval for multiple CC reporting in Rel-10 e.g. when 5 CCs are configured, a minimum reporting period of 2 ms cannot be supported
In addition to the above, we think the following proposals can achieve the objective that the CQI/PMI/RI report of the CC with the better channel quality is prioritized over the other CCs without any ambiguity.
Proposal 2. In the event of a collision of periodic CQI/PMI/RI reports of more than 1 CC, the priority order of different CCs can be determined by the last reported periodic RI values. (For transmission modes other than transmission mode 3/4/8/9, rank 1 is conditioned. In the absence of a last reported RI, the lowest possible RI as given by the bitmap parameter codebookSubsetRestriction is conditioned).
Proposal 3. In case of a collision of periodic CQI/PMI/RI reports of CCs with the same last reported RI value, the priority order of different CCs can be configured using RRC configuration. 
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