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1. Introduction
Carrier aggregation is considered for LTE-Advanced to support larger transmission bandwidth. During the RAN1 57bis meeting, a general agreement to define UE specific component carrier sets for DL is as following:

UE DL Component Carrier Set:

· The set of DL component carriers configured by dedicated signaling on which a UE may be scheduled to receive the PDSCH in the DL.

So, we need a proper feedback mechanism in support of the reconfiguring of component carrier set or/and activation of additional component carriers 

In this contribution, we will analyze a feedback mechanism for mulitcarrier system that includes DL component carriers within the DL component carrier set and additional component carriers (i.e. the component carriers out of the UE DL Component Carriers Set) .The analysis focuses on feedback approach and contents.

2. CQI feedback for different Component Carrier Set

In Rel-8, the feedback mechanism bases on the one-to-one UL/DL mapping which means the designated DL carrier is paired with a fixed UL carrier, and then the dedicated feedback rules could support LTE system DL transmission in time.

In LTE-A system, we focus on the case of one UL carrier conveys multi-carrier CQI feedback to support  PDSCH transmission on multiple DL CCs, the feedback also could in support of activation of additional component carriers or/and reconfigure set of UE DL component carriers.

2.1. CQI feedback for carriers within UE DL Component Carrier Set
For UE DL component carriers, eNB needs the detailed channel quality information for PDSCH scheduling and transmission. Rel-8 feedback approach can be considered as a reference for backward compatibility. And for the carrier configuration with mutiple DL carriers with single UL carrier, finite PUCCH resource is not able to carry out multiple times overhead and report them quickly enough compared with Rel-8 mechanism, so the following three solutions may be under consideration:

1) Multiple Rel-8 CQI/PMI/RIs can be transmitted in the same feedback instance. 
a) For UEs without transmit power limitation, multiple CQI/PMI/RIs can be transmitted by NxPUCCH.
b) For UEs with transmit power limitation, new PUCCH format with increased payload needs to be considered to carry multiple CQI/PMI/RI on one PUCCH.

2) Multiple TTIs should be scheduled to report different DL component carrier’s CQIs as soon as possible, and it must ensure the validity of feedback for corresponding PDSCH transmission.

3) Periodic feedback utilizing PUSCH resources
2.2. CQI feedback for Additional Component Carrier

eNB can configure/reconfigure the UE DL Component Carrier Set by adding/removing component carriers when channel quality information for additional component carriers can also be obtained. For such usage, some accurate channel quality information may be not necessary, such as subband CQI, PMI, RI. Also, considering the limited feedback overhead, some feedback design criteria for these carriers can be considered:

1)  Longer reporting period than the carriers within UE DL Component Carrier Set.

2) Wideband feedback is enough for the eNB to roughly understand the channel conditions..

3) CQIs for these carriers can always base on RI=1 to compress the feedback overhead, the feedback of PMI may not be necessary (e.g. transmit diversity or open-loop spatial multiplexing).  
4) UE can select the best wideband CQI among these carriers to feedback in one report instance.
2.3. Feedback Approach 
The configuration of feedback modes for each carrier within the UE DL Component Carrier Set could be based on the UE transmission mode. The feedback period of UE DL such carriers could be shorter than the additional component carriers. The approach of CQI feedback for multiple DL carriers conveyed on single UL carrier can be illustrated basing on following three options:

Option 1: According to Rel-8 rules, simply extending multicarrier CQI feedback to multiple reporting instances for UE DL component carriers, feedback content and granularity of each carrier is same as in Rel-8. A certain reporting instance figure (Fig 1) is shown:
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Figure 1, Multicarrier CQI feedback Option 1

For carriers within UE DL Component Carrier Set, eNB configures wideband reporting and/or UE-selected subband reporting from bandwidth part (BP). Each full cycle of bandwidth parts shall be in an increasing order starting from BP 1 on Carrier 1 to BP 3 on Carrier 2 (C1BP1-C1BP2-C1BP3-C2BP1-C2BP2-C2BP3-C1BP1-…). 

For additional component carriers, eNB configures the UE to feedback best wideband CQI among multiple carriers in the configured reporting instance. In addition to the wideband CQI feedback, it is necessary to append a UE-selected carrier label by 2 bits index. 

Option 2: For the purpose of further reducing the total cycling time as well as maintaining the periodic reporting intervals, UE-selected range for each reporting instance within UE DL Component Carrier Set could be enlarged. The follow figure (Fig 2) is given to show that UE-selected range in one reporting instance is extended to multiple bandwidth parts (even total system bandwidth) in the UE DL Component Carrier Set. In this case, UE-selected number of subbands also could be extended to multiple Rel-8’s subbands or more number of RBs.
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Figure 2, Multicarrier CQI feedback Option 2

The contents of CQI feedback in option 2 may be the same as that in option 1 for both carriers within UE DL Component Carrier Set and additional component carrier set. For UE-selected subband feedback in option 2, eNB configures cycling reports of multiple carriers in UE DL component carriers set (C1-C2-C1-C2…). Similarly, a single subband of a bandwidth part is selected with a corresponding L-bit label similarly as defined in Rel-8. The label indicating in which component carrier the single bandwidth part locates should also be appended. The advantage of this option is:

1) The total cycling reporting timing can be reduced.
2) Different feedback modes can be configured for different carriers, especially in case of non-contiguous carrier aggregation.
3）For each carrier UE calculates the CQI base on it own RI/PMI.
Option 3: eNB could also configure another cycling reporting method. In each reporting instance, UE select best subband CQI from a certain bandwidth part of multiple carriers within UE DL Component Carrier Set. Each full cycle of bandwidth parts shall be in an increasing order starting from Bandwidth part 1 on multiple carriers to Bandwidth part 3 on multiple carriers (BP1-BP2-BP3-BP1-BP2…). Figure 3 is given as below:
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Figure 3, Multicarrier CQI feedback Option 3

In addition to the feedback of the channel condition, it is also necessary to feedback a UE selected carrier label .The restriction of this option is the feedback of each carrier should base on same configuration/RI/PMI for UE selecting subband from different component carriers.

3. Feedback Contents 

CQI feedback for LTE-A can be designed as an extension of CQI feedback defined in Rel-8. The time and frequency resources utilized by the UE to report CQI, PMI and RI are controlled by the eNB.

For DL spatial multiplexing, as given in [1], downlink spatial multiplexing of up to eight layers is supported by LTE-Advanced. The UE shall determine no more than 3 bits RI corresponding to the number of useful transmission layers. The codebook-based precoding feedback cause more than 4 bits PMI should be used, and the exact amount of feedback bits could be fixed after the design of new codebooks. Considering the feedback overhead and backward compatibility, a 4 bits CQI feedback for one TB in Rel-8 may be reused; and more particular CQI feedback schemes will not be excluded.
Basing on feedback contents of different options, four CQI/PMI and RI reporting types in Rel-8 could continue to be used after some improvements as following, the payload of 2 bits ACK/NAK in PUCCH format 2 may be extended using for some special reporting requirements:

· Type 1 report supports CQI feedback for the UE selected sub-bands

If option 1 is accepted without taking the cycling time delay into account, the feedback rules in Rel-8 can be directly used. Otherwise, additional 2 bits UE-selected bandwidth part label or UE-selected carrier label in option 2&3 needs to be included in the 11 bits PUCCH payload or using 2 bits ACK/NAK resource.

· Type 2 report supports wideband CQI and PMI feedback

For MIMO format, two code words joint CQI (4bits+3bits) and 4bits PMI is fully filled in the 11 bits PUCCH overhead. The payload of 2 bits ACK/NAK could be associated with initial 4 bits PMI for supporting a 6-bit expanded PMI. 

· Type 3 report supports RI feedback

RI of multiple carriers reporting in one reporting instance should be carefully considered. The accuracy of RI may be influenced by joint coding transmission. 6 bits or 9 bits joint RI reporting for two or three carrier in one reporting instance deserves further discussion. (Assuming 3 bits RI is used to support 8-layer transmission)

· Type 4 report supports wideband CQI

CQI of multiple UE DL component carriers could be joint report together. For example, at each reporting instance, 11bits PUCCH can carry two of 4 bits wideband at least or 4 bits wideband CQI as well as two of 3 bits wideband differential CQI. Another wideband CQI reporting of mixed component carrier set method includes 4 bits UE DL component CQI, 4 bits UE selected additional component CQI and 3 bits selected carrier index.

4. Conclusion
This contribution considered CQI feedback in multicarrier operation. We could restructure PUCCH feedback transmission (transmitted by NxPUCCH or using new PUCCH format with increased payload) or use PUSCH resources to transmitted the channel quality information in one feedback interval. For reporting in multiple feedback intervals, the analysis was concentrating on advantage and restriction of the different feedback options. Compared with the others, the option 2 can be further improved to support PDSCH transmission in LTE-A with carrier aggregation. The effective utilization of PUCCH payload and configuration of feedback mode shall be considered further more.
In addition, the feedback design criteria for different kinds of component carrier could be different:

· For carriers within UE DL Component Carrier, detailed channel quality information is indispensable to support PDSCH transmission.

· For additional component carriers, accurate channel quality information may not be necessary, such as subband CQI, PMI, RI. eNB only need to obtain compendious channel quality information (e.g. wideband CQI based on RI=1) for the configuration of component carrier set and/or activation of additional component carriers.
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