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1. Introduction
This is a revision of R1-093538 from RAN1#58. In LTE-A, carrier aggregation is considered to support larger transmission bandwidth and a general agreement on UE DL component carrier set is:

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

Given that UE DL component carrier set can be reconfigured, a proper channel quality feedback mechanism is needed to facilitate the reconfiguration. Toward this end, we discuss a channel quality feedback mechanism for carrier aggregated systems in this contribution. 
2. CQI feedback for different Component Carrier Set

In Rel-8, with the 1-to-1 mapping between DL and UL bands, CQI feedback on one UL band is for the paired DL band. On the other hand, in LTE-A carrier aggregated systems, it is necessary to design a CQI feedback mechanism where CQIs of multiple DL carriers are fed back in one UL carrier. Such CQI feedback mechanism is beneficial for reconfiguration of UE DL component carrier set and to support UE specific asymmetric DL/UL carrier aggregations.

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. However, for UE specific asymmetric DL/UL carrier aggregation, a UE may not be able to feedback CQIs of multiple DL component carriers promptly on one single UL component carrier, due to CQI payload size limitation using Rel-8 PUCCH. In general, the following two solutions may be considered to resolve this problem:
1. CQI feedback of multiple DL carriers in one reporting instance, e.g. with
a) multiple Rel-8 PUCCH resources
b) PUSCH resources
c) new PUCCH structure with increased payload size
2. CQI feedback of multiple DL carriers in multiple reporting instances, e.g. with
a) one single Rel-8 PUCCH resource.
2.2. CQI feedback for Additional Component Carrier

When the channel/interference condition on different component carriers change, or when UE requires more DL component carriers for its PDSCH transmission, eNB can reconfigure the UE DL Component Carrier Set. Hence, UE needs to report CQIs on component carriers out side of the current DL component carrier set to eNB. Considering that such reconfiguration occurs on a semi-static fashion, the following design principles can be considered for CQI reporting on carriers out size of the UE DL component carrier set, in order to reduce the feedback overhead: 
1) Large CQI reporting periodicity
2) Wideband CQI feedback only.

3) Single CQI feedback without PMI/RI, e.g. assuming transmit diversity  
4) CQI feedback only for the best carrier among those out size of UE DL component carrier set.
2.3. Feedback Approach 
In this section, we briefly discuss options for CQI feedback of multiple DL component carriers on a single UL component carrier. In particular, we focus on CQI feedback in multiple reporting instances using one single Rel-8 PUCCH resource. In Rel-8 PUCCH sub-band CQI reporting mode, sub-band CQIs for different bandwidth parts are transmitted in different CQI reporting instances, which cycles over the multiple bandwidth parts. Three options of extending the Rel-8 sub-band CQI reporting mode to multi-carrier systems are discussed below.
Option 1: Extension to multi-carrier sub-band CQI reporting can be achieved by cycling over the multiple bandwidth parts as well as the multiple carriers. One example is shown in Figure 1, where the sub-band CQI reporting cycle can be (C1-BP1, C1-BP2, C1-BP3, C2-BP1, C2-BP2, C2-BP3, C1-BP1, C1-BP2, …). For each CQI reporting instance, the Rel-8 PUCCH CQI reporting format (i.e. feedback contents) can be directly reused. 
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Figure 1: Multicarrier CQI feedback Option 1

For the component carriers out side of UE DL component carrier set (i.e. additional component carriers in Figure 1), a UE can report a wideband CQI corresponding to the best carrier within the “additional component carriers”. Furthermore, the UE may also need to feedback the corresponding carrier index. 

Option 2: Note that CQI reporting in Option 1 cycles through both bandwidth parts and component carriers. In order to reduce the CQI reporting cycle, in one reporting instance, a UE can report the best sub-band CQI over multiple bandwidth parts, as shown in Figure 2. This effectively reduces the number of bandwidth parts, such that the full CQI reporting cycle can be shortened. Furthermore, UE may report CQIs for the best few sub-bands.
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Figure 2: Multicarrier CQI feedback Option 2

With Option 2, UE reports one or a few sub-band CQIs in each reporting instance, whereas full CQI reporting cycles through multiple component carriers, e.g. (C1, C2, C1, C2, …) as shown in Figure 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 carriers. Since effectively the size of each bandwidth part increases, a UE may need to feedback more bits to indicate which sub-band is selected. 
Option 3: Another approach to reduce the CQI reporting cycle is for UE to report the best sub-band CQI within a bandwidth part among multiple carriers in each reporting instance. Figure 3 shows an example, where CQI reporting cycles through (BP1, BP2, BP3, BP1, BP2, …). In addition to the CQI feedback, a UE may also need to feedback the corresponding carrier index of the reported CQI, which increases the CQI reporting payload size.
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Figure 3: Multicarrier CQI feedback Option 3
3. Conclusions
In this contribution, we discuss CQI reporting for carrier aggregated systems in LTE-A. For carriers within UE DL component carrier set, detailed CQI information is necessary for scheduling. For carriers out side of UE component carrier set, coarse CQI information is sufficient for the purpose of UE DL component carrier set reconfiguration. Since CQIs of multiple carriers shall be reported, the amount of feedback is expected to increase. This can be accommodated either by increasing the CQI payload size in one reporting instance, or by feeding back CQI over multiple reporting instances. Several options for the later approach are discussed. Details on CQI reporting for carrier aggregated systems in LTE-A shall be for further study.
4. References

[1]. 3GPP TR 36.814, v1.2.1
_1234567891.vsd
�

UE DL Component Carrier Set


Additional Component Carrier


Bandwidth part 1


Bandwidth part 2


Bandwidth part 3


C 1


C 2


C 3


C 4


C 5


Select range per  reporting instance


Selected suband and/or  wideband per  reporting instance



_1234567892.vsd
�

UE DL Component Carrier Set


Additional Component Carrier


Bandwidth part 1


Bandwidth part 2


Bandwidth part 3


C 1


C 2


C 3


C 4


C 5


Select range per  reporting instance


Selected suband and/or  wideband per  reporting instance



_1234567890.vsd
�

UE DL Component Carrier Set


Additional Component Carrier


Bandwidth part 1


Bandwidth part 2


Bandwidth part 3


C 1


C 2


C 3


C 4


C 5


Select range per  reporting instance


Selected suband and/or  wideband per  reporting instance



