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1. Introduction

At the RAN1 #61bis meeting, the following methods for A/N multiplexing have been agreed for both FDD and TDD.
· for Rel-10 UEs that support up to 4 A/N bits:  PUCCH format 1b with channel selection
·  for Rel-10 UEs that support more than 4 A/N bits:  DFT-S-OFDM
However, the detailed A/N resource indication schemes for carrier aggregation and SORTD are still open.

In this contribution, we discuss the A/N resource indication schemes for channel selection and DFT-S-OFDM as well as SORTD. We also discuss the A/N resource indication scheme for A/N bundling across CCs for the power-limited case.
2. Discussion

2.1. Resource indication in case of non-carrier aggregation assignment
Since the LTE-A system supports release-8 UEs in the same band with LTE-A UEs, there already are release-8 type of A/N resources in UL CC(s). In order not to have large impacts on release-8 schedulers, these resources should be reused as much as possible. Hence, we propose the release-8 resource indication scheme be reused in case of non-carrier aggregation assignment where the DL data is assigned only on PCell.
2.2. Resource indication in case of carrier aggregation assignment
This subsection discusses resource indication schemes in case of carrier aggregation assignment where at least one SCell carries DL data.
2.2.1 PUCCH format 1b with channel selection

When the carrier indicator field (CIF) is not configured, considering only a small number of UEs are simultaneously scheduled on multiple CCs, we think the explicit resource indication should be the baseline in case of carrier aggregation assignment.

Some of the resources explicitly indicated to UEs might be wasted depending on eNB scheduler strategies; however, such resources could be shared among several LTE-A UEs, just like the A/N repetition case in release-8. So, it would not be a big issue. We think the explicit resource indication scheme has the potential to reduce the PUCCH overhead compared to the implicit resource indication scheme by smarter scheduler implementation.
Hence, we propose one of the candidate CA A/N resources be linked to the CCE used for carrying DL assignment for PCell data, and the other resource(s) be explicitly indicated by RRC signaling for PUCCH format 1b with channel selection.
The concept of the proposed indication scheme for PUCCH format 1b with channel selection in case of 2DL CCs and 1UL CC is shown in figure 1. One out of two candidate CA A/N resources is linked to the CCE used for carrying DL assignment for PCell data, and  the other resource is explicitly indicated by RRC signaling when carrier aggregation is configured.
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Figure 1 Proposed resource indication scheme for PUCCH format 1b with channel selection
When the CIF is configured, the implicit resource indication scheme adopted in release-8 LTE is valid at least when only the PCell PDCCH is used for carrying DL assignments for both PCell and SCell data, and PUCCH overhead could be reduced with the implicit resource indication[3]. However, it is required to specify two different resource indication schemes depending on the CIF configuration, which would increase the test cases on the UE side. Hence, the necessity of additional implicit resource indication scheme in case that the CIF is configured should be carefully studied. The resource for SCell is always explicitly indicated by RRC signaling would be simpler.
2.2.2 DFT-S-OFDM

Since implicit indication for DFT-S-OFDM would result in wastage of the uplink resources, we also think the explicit resource indication scheme is suitable for DFT-S-OFDM case; hence, we propose the CA A/N resource be explicitly indicated by RRC signaling.
The concept of the proposed scheme for DFT-S-OFDM in case of 2DL CCs and 1UL CC is shown in figure 2. One CA A/N resource is explicitly indicated by RRC signaling when carrier aggregation is configured.
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Figure 2 Proposed resource indication scheme for DFT-S-OFDM
2.2.3 Bundling across CCs

At the RAN1 #61bis meeting, several contributions[4-8] proposed to support A/N bundling across CCs for power-limited cases; however, the support of A/N bundling across CC has not been agreed yet. 

In case of A/N bundling across CCs, only one A/N resource is required for A/N transmission. So, the release-8 resource indication scheme is sufficient as discussed in [4]. Hence, if the bundling across CCs is supported, we propose the CA A/N resource be linked to the CCE used for carrying DL assignment for PCell data.
3. Resource indication scheme for SORTD

At the RAN1 #59bis meeting, SORTD is agreed as a transmit diversity scheme for PUCCH format 1/1a/1b. Transmit diversity schemes for other PUCCH formats (e.g., DFT-S-OFDM) are still open; hence, we discuss SORTD resource indication scheme only for channel selection in case of carrier aggregation.
In the MIMO adhoc session of RAN1#59bis, several companies proposed the following baselines as the resource indication scheme for SORTD.

· If the number of CCEs used for PDCCH is greater than 1, SORTD is used for the ACK/NACK signal
· Otherwise, PVS or TSTD is used
However, these proposals mean that the TxD modes for the ACK/NACK signal are different depending on the number of aggregated CCEs for DL assignment. 
Moreover, given that the number of aggregated CCEs to the UE in carrier aggregation assignment might be different depending on the CC, these proposals imply that the TxD mode might vary depending on the resources actually used for ACK/NACK transmission. For instance, if we consider channel selection for ACK/NACK transmission in case of carrier aggregation, the TxD scheme, hence the performance, of ACK/NACK signal varies depending on the state of DL reception as shown in figure 3, which is not preferable from the system design perspective. In addition, an eNB receiver might be required to prepare for two potential transmission schemes (i.e., SORTD and PVS) especially when eNB prepares PDCCH mis-detection.

Such problems could be solved if eNB scheduler has the restriction on the CCE usage for each CC; however, such restriction should be discussed based on the carrier aggregation performance perspective, considering shadowing properties, scheduler flexibilities, DL TxD mode commonalities for each CC, etc.
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Figure 3 An example for the case when the TxD modes vary depending on the DL reception status
Therefore, we propose the explicit indication of the A/N resource used for the second antenna in SORTD to avoid above issues by guaranteeing that UEs configured to SORTD modes can always utilize SORTD transmission. Moreover, this explicit indication scheme is quite simple and could disconnect the discussion on resource indication scheme for carrier aggregation from the discussion on SORTD, which is preferable from both UE and eNB design perspectives.
To be more specific, we propose the following concepts for the SORTD resources as shown in figure 4.
· In case of non-carrier aggregation configuration (and assignment) with SORTD transmission mode,
· The first resource for the first antenna port is linked to the CCE used for carrying DL assignment for (PCell) data.

· The second resource for the second antenna port is explicitly indicated by the eNB.
· In case of carrier aggregation assignment with SORTD transmission mode,
· The first resource for the first antenna port is selected from the resources derived by the rule for PUCCH format 1b with channel selection.

· The second resource for the second antenna is explicitly indicated by the eNB.
Given that the cell deployment is decided by the release-8 cell coverage, only a few UEs are required to be configured for the SORTD transmission mode. Hence, the possible wastage of A/N resources due to explicit indication would not be an issue for SORTD case.
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Figure 4 Proposed resource indication scheme for SORTD
4. Conclusion

In this contribution, we discussed the A/N resource indication schemes considering carrier aggregation for PUCCH format 1b with channel selection and for DFT-S-OFDM respectively.

Based on the discussions above, we propose the followings.

· In case of non-carrier aggregation assignment, the release-8 resource indication scheme is reused.

· In case of carrier aggregation assignment, 

· for PUCCH format 1b with channel selection, one of the candidate CA A/N resources is linked to the CCE used for carrying DL assignment for PCell data, and the other resources are explicitly indicated by RRC signaling.
· for DFT-S-OFDM, the CA A/N resource is explicitly indicated by RRC signaling.

· for bundling across CCs (if supported), the CA A/N resource is linked to the CCE used for carrying DL assignment for PCell data.

We also discussed the A/N resource indication scheme considering SORTD and carrier aggregation simultaneously. We also propose the followings.
· In case of non-carrier aggregation configuration (and assignment) with SORTD transmission mode,
· The first resource for the first antenna port is linked to the CCE used for carrying DL assignment for (PCell) data.

· The second resource for the second antenna port is explicitly indicated by the eNB.
· In case of carrier aggregation assignment with SORTD transmission mode,
· The first resource for the first antenna port is selected from the resources derived by the rule for PUCCH format 1b with channel selection.

· The second resource for the second antenna is explicitly indicated by the eNB.
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