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1. Introduction

At the previous RAN1#60 meeting, it was agreed that a single UE-specific UL component carrier (CC) would be configured semi-statically to carry the PUCCH ACK/NACK (A/N), scheduling request (SR), and periodic channel state information (CSI) from a UE. Furthermore, according to the agreements at the RAN1#58bis meeting, the following two A/N transmission schemes will be supported in Rel. 10.
· Full A/N transmission: sending one A/N for each DL CC transport block

· Limited A/N transmission: sending a limited number of A/N bits for multiple DL CC transport blocks for UL coverage
This contribution discusses the A/N multiplexing method for the “Full” and “Limited” A/N transmission schemes that are to be supported in Rel. 10.

2. Full A/N Transmission Scheme
Table 1 summarizes the required number of bits for full A/N status feedback without any A/N bundling in the frequency and spatial domains for N DL CC aggregation. As indicated in [1] and [2], full A/N status feedback up to 5 DL CC aggregation should be supported at least for FDD in order to achieve a wider transmission bandwidth up to 100 MHz without reducing the spectrum efficiency per CC. In this case, the maximum payload size of 12 bits should be supported for the full A/N transmission. Furthermore, we prefer to add one bit for the simultaneous SR and full A/N transmission.
Proposal 1: Support full A/N transmission without any A/N bundling in the frequency and spatial domains for up to 5 DL CC aggregation
Table 1 – Required number of bits for full A/N status feedback for N DL CC aggregation
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Regarding the transmission scheme to send the maximum 12 (+ 1) bits in the PUCCH, the following candidates are considered.
Alt. 1: Multiple PUCCH format 1a/1b
Alt. 2: PUCCH format 2
Alt. 3: Multiple PUCCH format 2 (dual sequence modulation [3])

Alt. 4: New PUCCH format, e.g. block-spreading based [2],[4]
In our current view, at least Alt. 1 should be avoided from the viewpoint of inter-modulation distortion (IMD) [5], cubic metric (CM), and performance [6]. Among Alts. 2-4, we prefer Alt. 3 or Alt. 4 to achieve a lower required SNR for sending the payload size of more than 10 bits.
Proposal 2: For the full A/N transmission, a multiplexing method based on multiple PUCCH format 1a/1b transmission should be avoided.
The PUCCH resources for the full A/N transmission could be explicitly indicated and semi-statically reserved for each UE. In this case, in order to reduce the total amount of reserved resources, the same resource block may be assigned to multiple UEs as shown in Fig. 1. This means that DL multiple CC transmission is applied to only a single UE from among the UEs sharing the same UL A/N resource within a subframe. Therefore, to give more scheduling flexibility, we suggest a combination or either of the following approaches.
Approach 1: Send A/N on the PUSCH (piggy back)
Approach 2: Differential resource indication using the PDCCH
As we explained in [7], at least Approach 1 should be supported. Additional support for Approach 2 is FFS.
Proposal 3: Support full A/N transmission on the PUSCH (piggy back)
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Figure 1 – Explicit resource assignment for full A/N transmission
3. Limited A/N Transmission Scheme
The requirement for limited A/N transmission is to achieve better UL coverage to support DL carrier aggregation in macro cellular environments. To achieve this a single-carrier property and lower required SNR are desirable. In this sense, the channel selection based transmission scheme, which is designed to achieve wide coverage in Rel. 8 TDD LTE, can be the baseline. In [6], it was shown that the channel selection achieves the better link performance compared to PUCCH format 2. Furthermore, to achieve the single-carrier property, limited A/N transmission on the PUSCH (piggy back) should be supported.
Proposal 4: Support limited A/N transmission based on channel selection
Proposal 5: Support limited A/N transmission on the PUSCH (piggy back)

4. Conclusion

This contribution discussed the uplink A/N transmission schemes for carrier aggregation to support “Full” and “Limited” A/N transmission in Rel. 10. We proposed the following.
· Proposals for full A/N transmission
Proposal 1: Support full A/N transmission without any A/N bundling in the frequency and spatial domains up to 5 DL CC aggregation is supported
Proposal 2: For the full A/N transmission, a multiplexing method based on multiple PUCCH format 1a/1b transmission should be avoided.

Proposal 3: Support full A/N transmission on PUSCH (piggy back)

· Proposals for limited A/N transmission
Proposal 4: Support limited A/N transmission based on channel selection
Proposal 5: Support limited A/N transmission on PUSCH (piggy back)
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