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1 Introduction

Carrier aggregation, where two or more component carriers are aggregated, is considered for LTE-Advanced in order to support transmission bandwidths up to 100 MHz and for spectrum aggregation. In this contribution, we summarize the uplink control channel design aspects for LTE-Advanced with carrier aggregation.
2 Discussion

Since both symmetry and asymmetry carrier aggregation are supported in LTE-Advanced, the uplink control channel should be designed to handle both cases. Several alternatives are considered below.
2.1 Alternative 1: N*Rel-8 PUCCH structure

The most straightforward choice is to utilize the same PUCCH structure as in Release-8 if simultaneous transmission of PUCCH on multiple RBs (across different uplink component carriers or within one uplink component carrier) is supported. Figure 1 illustrates the N*Rel-8 PUCCH structure. In Figure 1-(a), there is one to one mapping between downlink component carrier and uplink component carrier. Therefore there is one PUCCH per uplink component carrier. In case where the number of uplink component carriers is lower than downlink component carriers, as shown in Figure 1-(b), the uplink PUCCH transmitted on one uplink component carrier will carry information for multiple downlink component carriers.

The advantage of the N*Rel-8 PUCCH structure is backward compatible with Rel-8 and minimum L1 specification impact for LTE-A. The implicit mapping of PUCCH resource index and lowest CCE index of PDCCH can also be maintained. Furthermore, some advanced techniques can be easily extended to this structure if N*Rel-8 PUSCH structure has been agreed.
The demerit of this structure is that simultaneous transmission of PUCCH on multiple RBs needs to be supported, which will incur some coverage problem because of the increased CM. But as the new techniques, such as CoMP and relay, high level MIMO will be introduced for LTE-A, the coverage problem will not be a big issue. Therefore the N*Rel-8 PUCCH structure for LTE-A is the most attractive alternative for uplink control channel, at least, it should be as a baseline for further optimization.
[image: image1.emf]DL

UL

Component 

carrier #1

Component 

carrier #2

Component 

carrier #3

PDCCH PDCCH PDCCH

subframe

subframe

slot

PUCCH#1

PUCCH#2 PUCCH#3

Component 

carrier #1

Component 

carrier #2

Component 

carrier #3

P

D

S

C

H

P

D

S

C

H

P

D

S

C

H

A/N

A/N A/N

frequency

DL

UL

Component 

carrier #1

Component 

carrier #2

Component 

carrier #3

PDCCH PDCCH PDCCH

subframe

subframe

slot

PUCCH#1

PUCCH#2

Component 

carrier #1

Component 

carrier #2

P

D

S

C

H

P

D

S

C

H

P

D

S

C

H

A/N

A/N A/N

frequency

PUCCH#3

(a)

(b)


Figure 1 Example of N*Rel-8 PUCCH structure with CA

2.2 Alternative 2: bundling & multiplexing structure
ACK/NACK bundling is the default ACK/NACK feedback mode for TDD in LTE Rel-8. Generally, the ACK/NACK scheme with carrier aggregation may be similar to ACK/NACK scheme in TDD when the number of downlink component carriers (sub-frame in TDD) is not the same as uplink component carriers (sub-frame in TDD), as illustrated in Figure 2-(a). 

In some scenario when coverage is an issue, that is to say, simultaneous PUCCH transmission on multiple RBs may not be supported, ACK/NACK bundling across multiple downlink component carriers should be considered as an alternative even for FDD with symmetry carrier aggregation
. For TDD in Rel-8, the PUCCH resource index the UE used to transmit the bundled ACK/NACK is linked to the first CCE used for transmission of the corresponding DCI assignment of the last subframe the UE has detected. If this implicit mapping is extended to the ACK/NACK bundling across component carriers, there will be “the PUCCH resource index the UE used to transmit the bundled ACK/NACK is linked to first CCE used for transmission of the corresponding DCI assignment of the last component carrier the UE has detected”. But from our point of view, this may not be the best choice. Considering the significance of frequency diversity to the PUCCH performance, the implicit mapping may be changed to base on the frequency distance between the RBs in two slots of a PUCCH channel. The UE may select the PUCCH channel with maximum frequency distance between the RBs in two slots to transmit the bundled ACK/NACKs. Generally, this method may be called as “ACK/NACK bundling with PUCCH channel selection”, which is illustrated in Figure 2-(b). Of course, the implicit mapping for optimization is FFS.
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Figure 2 Example of bundling structure for PUCCH with CA

For multiplexing, multiple ACK/NACK feedback bits corresponding to the PDSCH from different downlink component carriers will be transmitted in one uplink component carrier in the similar way as TDD ACK/NACK multiplexing scheme in LTE Rel-8. Also, for the case when there are several uplink component carriers, UE may be able to select the best PUCCH channel to transmit the multiple ACK/NACK bits. The detail of PUCCH channel selection is FFS.
2.3 Alternative 3: multiple TTI structure 
Multiple TTI PUCCH structure is the third alternative, which is shown in Figure 3. Multiple ACK/NACK feedback bits corresponding to the PDSCH from different downlink component carriers will be transmitted in the consecutive subframes. The uplink single carrier property may be reserved in this case, however, it will break down the timing relationship of uplink and downlink HARQ process and bring some scheduling restriction to the eNB. Therefore, it seems not so attractive.
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Figure 3 Example of multiple TTI structure for PUCCH with CA

2.4 Alternative 4: multiple sequence modulation (MSM) structure
In [1], multiple sequence modulation is proposed to increase the size of CQI. The idea can also be used to increase the size of ACK/NACK by means of CDM when multiple ACK/NACK bits should be transmitted in one PUCCH channel. In general, the N*Rel-8 PUCCH structure can be seen as an FDM means while multiple TTI as a TDM means. It is said in [2] that the increased CM of MSM is around 0.3dB with proper sequence selection. However, since the PUCCH channelization is specified in Rel-8 and the UE-specific slot-based CS/OC rempping is also applied for PUCCH, the sequence selection for MSM to achieve low CM may not be applicable. Otherwise, in order to satisfy the sequence selection rule,i.e. the CDM PUCCH channel should have consecutive cyclic shifts, it will bring some scheduling restrictions to the eNB. What’s more, because of the UE-specific slot-based CS/OC rempping , it is difficult to satisfy the sequence selection rule in both slots.
3 Conclusion

In this contribution, we shown our views on the uplink control channel design for LTE-Advanced. Four alternatives are present in section 2. In summary, we propose that:

(1) N*Rel-8 PUCCH structure should be the baseline for uplink control channel design for LTE-Advanced when simultaneous transmission of PUCCH on multiple RBs is supported. Further optimization may also be needed.

(2) To meet the coverage requirement, ACK/NACK bundling should also be supported.
4 References

[1] R1-073000, NSN, Nokia, “Increasing the size of CQI by means of enhanced sequence modulation”
[2] R1-073001, NSN, Nokia, “PUCCH sequence modulation sequences”














































































































































































� Symmetry CA in this contribution is referred to the case when the number of downlink component carriers is the same as uplink component carriers, otherwise, asymmetry CA.
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