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1. Introduction

In RAN1#58Bis the following was agreed upon [1]:
	· Periodic CSI reporting for up to 5 DL CC supported

· Semi-statically mapped onto one UE specific UL CC

· Following Rel-8 principles for CQI/PMI/RI

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

· Consider ways to support extending CSI payload


In this contribution, we highlight some potential issues with periodic CQI reporting for multiple CCs in Rel-10 and propose ways of reducing the periodic CQI overhead.
2. Multiple Component Carrier CQI reporting
In previous contributions [2-4], different schemes have been proposed for DL CC CQI cycling. However, some of the proposed methods impose certain restrictions on the CQI feedback and limit the scheduling flexibility at eNodeB. Furthermore, in Rel-8, 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) [5]. 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 low periodicity case. 

One method of reducing the overhead for multiple component carriers is by imposing a restriction on the minimum periodicity for multiple CC reporting. For instance, if the CQI for each of the 5 component carriers are independently reported with a minimum periodicity of 2 ms (minimum reporting period in Rel-8), the control channel would only be able to transmit CQI bits. 
Proposal 1. Impose a restriction on the minimum reporting interval for multiple CC reporting in Rel-10. The exact reporting interval is FFS. 


Alternatively, one can impose that for low periodicities, only aggregated CQI is reported.

Proposal 2. Impose a minimum aggregation level for periodic CQI reporting for multiple CCs. The aggregation level is FFS.

Furthermore, in order to reduce the number of transmitted bits reported per reporting instance, some form of feedback reduction should be considered. A natural extension of existing Rel-8 feedback reporting mechanisms would be to use, for contemporaneous multiple CQI transmissions differential feedback with respect to each of the CCs as used for reporting multiple spatial codewords in Rel-8 [5]. For example, in Rel-10, if multiple CCs’ CQI are reported at the same instance, then only one of the component carriers CQI need be transmitted with 4 bits while the other component carrier CQI could be differential encoded with respect to the first component using 2 or 3 bits. In different time instances, different CCs are chosen for the full 4 bit CQI report. Such periodic cycling of the full and differential feedback over different component carriers can be useful to reduce the latency between full CQI feedback reports for each component carrier and at the same time reduce the feedback overhead.
Proposal 3. Extend differential feedback reporting mechanism from Rel-8 for the purpose of multiple CC CQI reporting at the same time instance.

Finally, we discuss the issue of ACK/NACK collision with periodic CQI. Two possible solutions are:
a) To drop the CQI and use PUCCH format 2a/2b for only A/N transmission

b) To transmit the CQI (possibly reducing the payload by compressing using some differential feedback mechanism) and jointly transmitting ACK/NACK with CQI

Both the above solutions should be carefully investigated due to potential system implications e.g. slower reporting interval for CQI in case (a) above is adopted and possibly lower reliability for ACK/NACK (due to lower coding gain) in the case of (b). However, given that there might be different operating conditions with multiple carriers both the above solutions should be considered.
3. Conclusions
In this contribution we discussed issues with periodic CQI reporting for multiple component carriers and proposed different ways of reducing the periodic CQI overhead. In particular, the minimum periodicity and number of CCs for aggregated reporting (especially for low periodicities) should be specified. Furthermore, we should extend the spatial differential feedback reporting mechanism in Rel-8 to multiple CC reporting in order to reduce the number of CQI bits. Finally, we need to carefully address the ACK/NACK collision with periodic CQI for multiple component carriers. In summary we propose:
Proposal 1. Impose a restriction on the minimum reporting interval for multiple CC reporting in Rel-10. The exact reporting interval is FFS. 
Proposal 2. Impose a minimum aggregation level for periodic CQI reporting for multiple CCs. The aggregation level is FFS.
Proposal 3. Extend differential feedback reporting mechanism from Rel-8 for multiple CC CQI reporting at the same time instance.
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