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1. Introduction

 In several contributions [1]-[8], the ACK/NACK transmission for multiple DL component carriers had been discussed. Before that, in #58bis meeting, the following was agreed;
· Rel10 design supports up to 5 DL CC

· Consider extendability to larger number of DL CC in the future

· All A/N for a UE can be transmitted on PUCCH in absence of PUSCH transmission

· Support mapping onto one UE specific UL CC

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Support for simultaneous A/N transmission on multiple UL CC is FFS

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Exact method for A/N resource allocation is FFS

· Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC 
· Consider performance and power control issues (CM, BER...) 

· One SR per UE transmitted on PUCCH

· Semi-statically mapped onto one UE specific UL CC

· Periodic CSI reporting for up to 5 DL CC supported

· Semi-statically mapped onto one UE specific UL CC

· Following Rel8 principles for CQI/PMI/RI

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

· Consider ways to support extending CSI payload

Clarifications:

· A/N mapping onto one UL CC: semi-static and dynamic mapping are not excluded.
· Multiple PUCCH on an UL CC is not excluded.
This contribution discusses UL ACK/NACK transmission in carrier aggregation to support multiple A/Ns for each DL CC transport block. It is assumed that the multiple A/Ns are transmitted on a single anchor UL CC.
2. UL ACK/NACK transmission method
 Some candidates have been proposed in order to support multiple A/N for each DL CC transport block;
· Multi-sequence transmission [4][5]
· Channel selection [1][4][5][6][8]
· Higher order modulation [4]
· Slot based multiplexing [4][6]
· Modified PUCCH format 1/1a/1b for multiple A/Ns including

· Reducing OCC (Orthogonal Code Cover) domain [3][7]

· Reusing PUCCH format 2
· Reducing CS (Circular Shift) domain [3]

· DFT-based new PUCCH format
First, multi-sequence transmission can be a straightforward way to support multiple A/Ns by means that each A/N per DL CC is transmitted on their own PUCCH resources. The QPSK modulation per resource can be applied. For example, with five PUCCH resources which is corresponding to five DL CCs, 10 bit A/Ns including DTX can be supported by multi-sequence transmission. It is noted that DTX can be effectively detected by the existence of expected PUCCH resources as Rel-8 PUCCH. However, its main disadvantage is CM increase due to the composition of multiple PUCCH waveforms. The CM increase is a function of the number of PUCCH resources simultaneously transmitted in which the CM value will converge on that of OFDM waveform eventually. The CM can be a factor of not only PA back-off but OOB emission. According to the recent LS response from RAN4 [9], CM does not predict the spectral location of the generated non-linear distortion. Therefore, we do not have no idea how much impacts exist with increased CM in PUCCH since the PUCCH is likely to be transmitted on band edge, which will be studied by RAN4. This will be an issue for Band1, 13 and 20 where 3rd and 5th order IMD degrades system performance and system impacts on adjacent operating bands. Because the impact has not been studied in these perspectives, a further careful study will be necessary for the impact on CM increase in PUCCH transmission.
Second, the same CM as Rel-8 PUCCH can be maintained to support multiple A/Ns for each DL CC by means of channel selection which had been already defined in Rel-8 TDD. Since the DTX cannot be detected at eNB by using existence of PUCCH resource, the number of A/N bits to be supported with channel selection becomes 12bits (=
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). Therefore, a new field such as DAI (Downlink Assignment Index) may be needed to allow a UE to detect DTX per DL CC. However, even with using five PUCCH resources, the full states of 3125(=5^5) including A/N and DTX cannot be supported because the channel selection with five PUCCH resources can support at most 20 states (=
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). Therefore, a further consideration for channel selection such as a modification or a combination with other approaches may be necessary to support five DL CCs. In consequence, more study will be needed in conjunction with the performances.
Regarding on higher order modulation, a 4096-QAM may be necessary to support 3125 states while keeping Rel-8 PUCCH structure. It seems not feasible in the perspective of A/N BER performance. In addition, the CM will be increased due to higher order modulation. It means that further modification or combination with other approaches might be necessary.
With slot based multiplexing, up to two DL CCs can be supported within a subframe. Apart from not fully supporting 5 DL CCs, its performance loss will be significant due to 3dB-energy loss as well as frequency diversity gain loss. In consequence, it can turn out that the solution may not be appropriate for A/N in carrier aggregation although CM can be maintained as Rel-8 PUCCH.
Finally, a modified version of PUCCH format 1 type can be considered to support 12bit A/Ns for 5 DL CCs. There might be no impact on CM perspective. Two approaches may be possible; (1) to reduce OCC domain (2) or to reduce CS domain. The former with spreading factor=1 can be equivalent to Rel-8 PUCCH format 2 type. The punctured RM coding can be reused to convey 12 bits A/Ns. The latter can be a DFT-based structure with time domain spreading for UE multiplexing. At both cases, a DAI-like field may be necessary for a UE to detect DTX. In order not to waste dynamic PUCCH resources for Rel-8, a sort of format adaptation may be also considered. For example, In case that a UE is assigned by a single DL grant in carrier aggregation, PUCCH format 1a/1b can be used while a modified version of PUCCH format 1 type can be used in case that a UE is assigned by two or more DL grants in carrier aggregation. However, since it implies to introduce additional new PUCCH format which requires more specification efforts, further study including performances may be necessary.
3. Conclusion
 This contribution discussed the several candidates for UL A/N transmission methods in carrier aggregation to support up to 5 DL CCs. The appropriate transmission method may be dependent on other aspects such as the definition of PUCCH resource allocation and the details on carrier aggregation scenarios. It is suggested that further studies may be necessary to consider all aspects on carrier aggregation.
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