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1 Introduction

In the RAN1#55 meeting, it was agreed that the component carriers will use the LTE Release-8 numerology and possible to configure all component carriers LTE Release-8 compatible as baseline assumption for LTE-A bandwidth extension. Meanwhile, it was also agreed that the L1 specifications will be possible to configure a UE to aggregate a different number of component carriers of possibly different bandwidths in the UL and the DL. In typical TDD deployments, the number of component carriers in UL and DL is typically the same. One TB and HARQ entity per component carrier was agreed as baseline assumption for MAC to physical layer mapping [1].

To have LTE Release-8 compatible in mind, the structure of LTE-A PUCCH in each component carrier should be LTE Release-8 inherited. If UE is configured to aggregate a different number of component carriers in the UL and the DL, the new PUCCH structure should be studied. This contribution gives our views on how to design PUCCH mapping region for LTE-A.

2 Discussion

For compatibility with LTE Release-8 UE, the PUCCH structure for LTE Release-8 should be maximal reserved in the LTE-A. From our views, the PUCCH region should be divided based on PUCCH format.
2.1 Alternative 1

PUCCH resource region is divided based on PUCCH format. In each PUCCH format block, the PUCCH resource for each component carrier is continuous mapped.  Fig 1 illustrates alternative 1 on one UL component carrier corresponding to two DL component carrier.  In the PUCCH format 2/2a/2b resource region, the two DL component carrier ‘s CQI/PMI/RI resources index can be mixed mapping  in the region, e.g. index
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PUCCH

n

is determined by the index of corresponding DL component carrier combined with indication of higher layer signaling or configured directly by higher layer.
The region of semi-static allocated PUCCH format 1 resources are followed by the region of PUCCH format 2/2a/2b. The two DL component carrier’s semi-static ACK/NACK or SR resources index can be mixed mapping in the region. e.g. index
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PUCCH

n

is determined by the index of corresponding DL component carrier combined with indication of higher layer signaling or configured directly by higher layer. 
The region of the dynamic allocated PUCCH format 1a/1b resources are followed by the region of the PUCCH format 1. The PUCCH format 1a/1b resource for each component carrier is continuous mapped and mapping order based on the bandwidth of DL component carrier. e.g. The PUCCH resource for DL component carrier with largest bandwidth to be adjacent to the PUSCH. In the illustration of Fig 1, the bandwidth of component 2 is larger than component 1 avoiding excessive PUCCH resource waste. UE’s PUCCH format 1a/1b index in this region is indicated by combining higher layer signaling, CCE index of the dynamic scheduled PDCCH and the index of component carrier. 
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Fig 1. Illustration of Alternative 1
2.2 Alternative 2

PUCCH resource region is divided based on PUCCH format. In each PUCCH format block, the PUCCH resource for each component carrier is continuous mapped. Fig 1 illustrates alternative 2 on one UL component carrier corresponding to two DL component carrier.  In the PUCCH format 2/2a/2b resource region, the two DL component carrier’s CQI/PMI/RI resources index can be mixed mapping in the region, e.g. index 
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PUCCH

n

is determined by the index of corresponding DL component carrier combined with indication of higher layer signaling or configured directly by higher layer.

The region of semi-static allocated PUCCH format 1 resources are followed by the region of PUCCH format 2/2a/2b. The two DL component carrier’s semi-static ACK/NACK or SR resources index can be mixed mapping in the region. e.g. index
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PUCCH

n

is determined by the index of corresponding DL component carrier combined with indication of higher layer signaling or configured directly by higher layer. 

The region of dynamic allocated PUCCH format 1a/1b resources are followed by the region of the PUCCH format 1. The PUCCH format 1a/1b resource for each component carrier is block interleaved mapped. UE’s PUCCH format 1a/1b index indicated in this region is combined with higher layer signaling, CCE index of the dynamic scheduled PDCCH and the index of component carrier. 
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Fig 2. Illustration of Alternative 2

2.3 Alternative 3

PUCCH resource region is divided based on component carrier. 
In each block of component carrier’s region, the PUCCH resource for each format is continuous mapped. Fig 3 illustrates alternative 3 on one UL component carrier corresponding to two DL component carrier. The CQI/PMI/RI resources index for each component carrier mapped in the corresponding PUCCH format 2/2a/2b resource region, e.g. index
[image: image7.wmf](2)

PUCCH

n

is determined by the index of corresponding DL component carrier combined with indication of higher layer signaling or configured directly by higher layer.
The semi-static allocated ACK/NACK or SR resource index for each component carrier mapped in the corresponding PUCCH format 1 resource region, e.g. index
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PUCCH

n

is determined by the index of corresponding DL component carrier combined with indication of higher layer signaling or configured directly by higher layer. 
Followed is the dynamic allocated ACK/NACK resource index of PUCCH format 1a/1b for each component carrier. UE’s PUCCH format 1a/1b index in this region is indicated by combining higher layer signaling, CCE index of the dynamic scheduled PDCCH and the index of component carrier. 
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Fig 3. Illustration of Alternative 3

2.3 Comparison of three Alternatives
2.3.1 Alternative 1 and 3 can compatible to the Release-8 UE.

For FDD, the LTE Release-8 UE shall use PUCCH resource 
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 for transmission of ACK/NACK in subframe 
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 is corresponding to the accessed UL component carrier, where 

· for a dynamically scheduled PDSCH indicated by the detection of a corresponding PDCCH with DCI format 1A/1/2 in subframe 
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 is the number of the first CCE used for transmission of the corresponding DCI assignment and 
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 is configured by higher layers. The index 
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 is allocated in the dynamic PUCCH format 1a/1b resources region. 
· for a semi-persistently scheduled PDSCH transmission and where there is not a corresponding DCI detected in subframe 
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 is allocated in the semi-static PUCCH format 1 resources region.
LTE Release-8 UE is semi-statically configured by higher layers to periodically feed back different CQI, PMI, and RI on the PUCCH format 2, or multiplexing with ACK/NACKs on the PUCCH format 2a/2b in the PUCCH format 2/2a/2b resource region.
For LTE-A UE, the PUCCH resource is indicated as an offset in one UL component carrier’s PUCCH. Offset can be signalling by higher layer, giving more flexibility to resource mapping. For compatibility with Release-8 UE, the PUCCH Format 1a/1b resource for each component carrier should be reserved according to PCFICH of that component carrier.
The scheduling request (SR) shall be transmitted on the PUCCH resource
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 is UE specific and configured by higher layers. The index 
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 is allocated in the semi-static PUCCH format 1 resources region. 
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 is corresponding to the accessed UL component carrier. 
Compared with three alternatives, alternative 1 and 3 is more flexibility than alternative 2. For alternative 2, the higher layer signaling 
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N

 seems need frequently changed and it may very difficult to compatibility with Release-8 UE.
It can believe that for TDD, the situation is the same as FDD.

2.3.2 Alternative 2 may save some RBs, and the saved PUCCH RBs can schedule to the PUSCH

The block interleave was already adopted in LTE Release-8 TDD for PUCCH resource compression [2].  Here the situation is the same, for alternative 2, the unused RBs can schedule to the PUSCH.  The Release-8 UE may not compatible with alternative 2 and the spec of Release-8 should be modified.
2.3.3 Alternative 3 may waste more PUCCH resource than alternative 1.
For each DL component carrier, the PUCCH resource must be reserved and can not be allocated to other DL component carrier, which more PUCCH resource are wasted than alternative 1.
3 Conclusion
In this contribution, we share our views on how to design LTE-A PUCCH region. To compatible with LTE Release-8 UE, three alternatives are given.
PUCCH resource region is divided based on PUCCH format. In each PUCCH format block, the PUCCH resource for each component carrier is continuous mapped. For alternative 1, the dynamic PUCCH format 1a/1b resource for each component carrier is continuous mapped in the dynamic allocated PUCCH region. For alternative 2, the dynamic PUCCH format 1a/1b resource for each component carrier is block interleaved mapping in the dynamic allocated PUCCH region. For PUCCH format 2/2a/2b and semi-static PUCCH format 1 resource region, the PUCCH resource for all corresponding DL component carriers are mixed mapped and UE’s PUCCH resource are configured by higher layers. For alternative 3, PUCCH resource region is divided based on component carrier.
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