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1. Introduction

At the RAN1#58bis meeting, the following way forward was agreed upon for the uplink ACK/NACK (A/N) transmission scheme to support carrier aggregation in LTE-Advanced.

· Rel. 10 design supports up to 5 DL component carriers (CCs)
· Consider extendability to larger number of DL CCs 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 CCs 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 CCs assuming large number of UEs being simultaneously scheduled on multiple DL CCs
· Consider performance and power control issues (CM, BER...) 
This contribution discusses further details regarding the uplink A/N transmission scheme on the PUCCH in LTE-Advanced.
2. Views on Simultaneous A/N Transmission on Multiple UL CCs
Whether simultaneous A/N transmission on multiple UL CCs should be allowed or not is currently FFS. However, as discussed in [1-10], there are many concerns regarding support for simultaneous A/N transmission on multiple UL CCs. Some examples are given below.
· For intra-band (intra-RF-transmitter) carrier aggregation, simultaneous A/N transmission on multiple PUCCHs from both edges of an aggregated bandwidth may occur as shown in Fig. 1. However, in this case, the influence of inter-modulation distortion (IMD) products on the frequency spectrum emission is a serious concern as discussed in RAN4 [11].
· For inter-band (inter-RF-transmitter) carrier aggregation, multiple RF transmitters are required to transmit simultaneous A/N signals. Thus, the potential increase in the UE power consumption is a concern [2].
· It was already agreed that other uplink control information (UCI) such as scheduling request (SR) and channel state information (CSI) is semi-statically mapped onto one UE-specific UL CC. Hence, accurate PUCCH power control is difficult except for the UE-specific UL CC since there is no periodic PUCCH transmission such as CSI reporting.
· Nonetheless, A/N transmission (A/N resource mapping) onto one UE-specific UL CC must be supported. Thus, support for simultaneous A/N transmission on multiple UL CCs leads to an increase in the number of options for the A/N transmission scheme.
Therefore, our current preference is that simultaneous A/N transmission on multiple UL CCs should not be supported in LTE-Advanced.
Proposal 1: Simultaneous A/N transmission on multiple UL CCs should not be supported.
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Figure 1 – Worst case for simultaneous A/N transmission on multiple UL CCs 
from the viewpoint of IMD products
3. Views on Multi-resource A/N Transmission within UL CC
The simplest way to support carrier aggregation of N DL CCs is N-times multi-resource A/N transmission in the uplink. However, whether multi-resource A/N transmission for the DL carrier aggregation within a single UL CC is allowed or not is currently FFS. This issue is closely related to not only the exact A/N resource allocation scheme, which is FFS in RAN1, but also the impact of IMD products as discussed in RAN4 [12]. Here, we consider two cases for multi-resource A/N transmission as shown in Figs. 2(a) and 2(b). In Case 1, the PUCCH hopping pattern is aligned among multiple A/N transmissions. In Case 2, the PUCCH hopping pattern is independently configured for each A/N transmission. Thus, simultaneous PUCCH transmission from both edges of the bandwidth may occur as shown in Fig. 2(b), and such a transmission scheme should be avoided as much as possible from the viewpoint of IMD products. Therefore, we prefer to focus on A/N transmission schemes belonging to Case 1 if multi-resource A/N transmission is supported.
Proposal 2: If multi-resource A/N transmission within the UL CC is supported for carrier aggregation, the hopping patterns among multiple resources should be aligned.
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(a) Aligned hopping (Case 1)                  (b) Independent hopping (Case 2)
Figure 2 – Cases for multi-resource A/N transmission within UL CC
4. Need for UE-Specific DL/UL CC Pair with Cell-Specific Linkage
In order to support UEs with Rel. 8/9 UE capability, cell-specific DL/UL CC linkage is necessary. In this case, the dynamic A/N resources for each UL CC are reserved according to the CCE index in each DL CC following the cell-specific linkage as shown in Fig. 3. Regarding the A/N resource allocation for Rel. 10 UEs, the dynamic A/N resources reserved for Rel. 8/9 UEs should be commonly used as much as possible to avoid unnecessary overhead. Therefore, when a Rel. 10 UE receives the PDSCH only from the DL CC with cell-specific linkage to the UE-specific UL CC in which the PUCCH is configured, Rel. 8/9 based dynamic A/N resources should be used for A/N transmission.
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Figure 3 – Example of dynamic A/N resource allocation based on cell-specific linkage
Furthermore, it was agreed that the A/N feedback for multiple DL CCs should not be optimized assuming a large number of UEs being simultaneously scheduled on multiple DL CCs. This working assumption means that when a large number of UEs within a cell must transmit the DL data signals, each UE should be scheduled to one DL CC with higher priority so that a large number of UEs is not scheduled to multiple DL CCs. In this sense, it is beneficial to specify a UE-specific DL CC also for the downlink [13]. Furthermore, from the viewpoint of the aforementioned dynamic A/N resource linkage, it is desirable that the UE-specific DL CC has a cell-specific linkage to the UE-specific UL CC. Therefore, our proposals are as follows.
Proposal 3: When the UE receives the PDSCH only from the DL CC with a cell-specific linkage to the UE-specific UL CC in which the PUCCH is configured, Rel. 8/9 based dynamic A/N resource allocation should be used for A/N transmission. 
· Here, the UE-specific CC allocation should include at least one DL/UL CC pair with cell-specific linkage as shown in Fig. 4.
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Figure 4 – Example of UE-specific CC allocation including one DL/UL CC pair with cell-specific linkage

5. Support for Full A/N Status Feedback up to 5 DL CC Aggregation
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], we believe that full A/N status feedback up to 5 DL CC aggregation should be supported at least for FDD in order to achieve wider bandwidth transmission up to 100 MHz without reducing the spectrum efficiency per CC. Preference on the exact transmission scheme or PUCCH format is FFS at this stage.
Proposal 4: Full A/N status feedback without any A/N bundling in the frequency and spatial domains up to 5 DL CC aggregation should be supported at least for FDD.
Table 1 – Required number of bits for full A/N status feedback for N DL CC aggregation
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6. Conclusion

Based on agreements at the RAN1#58bis meeting, this contribution discussed further details on the uplink A/N transmission scheme on the PUCCH to support carrier aggregation in LTE-Advanced. Our proposals for the way forward are summarized as follows.
· Proposal 1: Simultaneous A/N transmission on multiple UL CCs should not be supported.
· Proposal 2: If multi-resource A/N transmission within the UL CC is supported for carrier aggregation, the hopping patterns among multiple resources should be aligned.
· Proposal 3: When the UE receives the PDSCH only from the DL CC with a cell-specific linkage to the UE-specific UL CC in which the PUCCH is configured, Rel. 8/9 based dynamic A/N resource allocation should be used for A/N transmission.
· Here, the UE-specific CC allocation should include at least one DL/UL CC pair with cell-specific linkage as shown in Fig. 4.
· Proposal 4: Full A/N status feedback without any A/N bundling in the frequency and spatial domains up to 5 DL CC aggregation should be supported at least for FDD.
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