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1. Summary

In the carrier aggregation enhancement, different time division duplex (TDD) uplink-downlink (UL-DL) configurations may be used for inter-band aggregation [1]. For inter-band carrier aggregation, full-duplex may be supported so that a user equipment (UE) can simultaneously transmit in one carrier of one band, and receive in one carrier of another band [2]. 
In this contribution, we consider the benefits of full duplex support for inter-band CA with different UL/DL configurations, and then discuss the uplink reporting issues for inter-band carrier aggregation with different TDD configurations. Especially, we provide thoughts on the ACK/NACK (A/N) association mapping for the uplink reporting. 
2. Full duplex support with inter-band CA
With half-duplex, in a subframe with different uplink and downlink settings in different bands, only cell(s) with the same setting can be used. Therefore, a UE can perform either uplink transmission(s) in cell(s) with uplink allocations or downlink receptions in cell(s) with downlink allocation(s), but not both. The cells with a different allocation cannot be used with half-duplex, which causes loss of UE capacity. For inter-band carrier aggregation, each band may be assumed to have its own power amplifier and filter. Thus, assuming there are no RF interference issues, full duplex may be supported for simultaneous transmission on a cell in one band and reception on another cell in a different band. With full duplex support, the uplink scheduling and uplink transmissions can be performed independently on each band. The A/N feedback for PUSCH transmissions on PHICH or PDCCH can also be handled by each cell. 
In the Rel-10, the uplink reporting is carried only on PCell. If the same rule is applied in Rel-11, there are some issues for inter-band carrier aggregation with different TDD configurations. If a SCell maintains its own associations, the A/N report will be dropped in a subframe where SCell is uplink and the PCell is downlink.  Thus, the downlink transmissions in a SCell are limited to downlink subframes that are associated to uplink subframes that are configured as uplink in both the PCell and the SCell. On the other hand, if the SCell follows the PCell associations, the downlink transmissions in the SCell are limited to subframes that allocated as downlink in both the PCell and the SCell. In both cases, the number of usable downlink subframes on SCell is reduced, thus cause unnecessary waste of channel resources.
Therefore, if full duplex is supported, either the current agreement of PCell only reporting need to be modified, or some new rules of aggregating and reporting of A/N for downlink transmission need to be defined for inter-band carrier aggregation with different TDD UL-DL configurations. On the contrary, if uplink reporting issue can be successfully solved for inter-band carrier aggregation with different TDD configurations, full duplex should be supported. Below, we provide some analysis on how the uplink reporting can be done in case of inter-cell carrier aggregation with different TDD configurations.
3. Uplink reporting considerations
With full duplex support, several methods may be considered to solve the uplink reporting problem.

Case 1. Allow multiple uplink reporting

This will depart from the Release-10 procedure of reporting on PCell only, and may require multiple simultaneous uplink reporting in different bands [5]

 REF _Ref303937771 \r \h 
[6]. In one approach, each band may choose one cell, e.g. the PCell in one band, a SCell in a different band may perform as a reference cell (a special SCell) for the given band. In another approach, each group of cells with the same TDD UL-DL configuration may choose a cell, e.g. the PCell in one group, a SCell in a different band with a different TDD configuration may perform as a special SCell for the given TDD UL-DL configuration group. Thus the A/N reporting on PUCCH or PUSCH may be done on the special SCell for all serving cells of each band or TDD configuration group. 
Case 2: Report on PCell only
To be consistent with Rel-10, the PUCCH or PUSCH reporting of A/N and CSI may be carried on PCell only [3][4][5][7]

 REF _Ref303937823 \r \h 
 \* MERGEFORMAT [8]. To solve the issues given in Section 2, some new associations of ACK/NACK for downlink transmissions need to be defined for SCells with different TDD UL-DL configurations. 
The PCell configuration can be used as the reference configuration. To handle different TDD configurations, the uplink A/N associations can be expanded to a regional mapping based on the reference configuration, so that each uplink is associated with a mapping region. For a SCell, all downlink transmissions in a mapping region are linked to a corresponding uplink in the PCell. The regional mapping keeps the same associations for PCell. Depending on the TDD configuration of a cell, the mapping region in cell may include downlink subframes and/or uplink subframes, thus the number of bits mapped to each uplink report may not be the same. To distribute the A/N bits more evenly into all uplink subframes in the reference configuration, new association tables may be defined based on uplink allocations of the reference configuration, i.e. the PCell configuration. 
Figure 1 gives an example with configuration 1 for PCell. In Figure 1(a), a regional mapping is defined based on the PCell configuration, where the dashed line refers to the associations that are not exist in the reference configuration but may be applied to other TDD configurations. A SCell with different TDD configuration reports A/N of all downlinks in a region on the corresponding uplink in PCell. For example, if SCell has configuration 2, each uplink in PCell can carry 2 bits of A/N of the SCell based on the association mapping. If if SCell has configuration 2, two A/N bits from SCell will be mapped on subframe #2 and #7 of the PCell, and no A/N bits from the SCell on subframe #3 and #8 of the PCell. To make the A/N bits more evenly distributed, Figure 1(b) shows an example of new associations to map downlink transmissions with configuration 0 to the uplink subframes of the PCell.
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Figure 1. Uplink ACK/NACK associations for inter-band CA with different TDD configurations
Case 3: Report on the uplink of one selected cell
In a subframe where uplink resource is available,PUCCH or PUSCH reporting may be carried on one cell only [3]

 REF _Ref303937857 \r \h 
[9]. The uplink report may on the PCell, a SCell or a combination of uplink subframes in the PCell and SCell(s). Thus, it may also deviate from the Rel-10 specification regarding  PCell only reporting.
In case of combination of uplink subframes in the PCell and SCell(s), an uplink reporting may occur if any serving cell has an uplink allocation in a given subframe, as shown in Figure 2. If PCell is uplink, PCell should be used. Otherwise, an uplink of one SCell should be used. Thus, it actually defines a combined configuration, i.e., the configuration has uplink allocation if any cell has an uplink in the subframe.
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Figure 2. Uplink reporting with combined uplink subframe allocations
With uplink reporting in the combined configuration, the uplink A/N association may be the same as Rel-10. One issue of this method is the very unbalanced A/N payload. In a subframe with uplink allocation in multiple cells, the A/N bits of multiple cells need to be multiplexed together. Thus, the PUCCH performance should be evaluated with the worse case with the maximum A/N payload. 
To evenly distribute the payload bits, a regional mapping rule or a new association table can be used based on a reference configuration, in this case the combined configuration. However, combination of configuration 2 + configuration 3, and configuration 2 + configuration 4 lead to undefined TDD UL-DL configurations.
For simplicity, one cell may be selected to carry all uplink reporting. The selected cell may  be the PCell or a SCell. If cells have both 5ms and 10ms periodicity, the cells with 5ms periodicity should be used because the 10ms configurations may not able to support the delay requirement of 5ms configurations. Among configurations with the same periodicity, the cell with more uplink allocations should be chosen since it can distribute the A/N bits on more uplink reports, thus has a reduced payload size. Once a cell is selected, the selected cell configuration becomes the reference configuration. A regional mapping rule or a new association table can be used based on the reference configuration.
4. Conclusions

In consider of inter-band carrier aggregation with different TDD configurations, we propose that
· Full duplex should be supported so that UE can transmit on a cell in one band and receive on another cell in another band.

· The Rel-10 associations for uplink scheduling, uplink transmissions, downlink scheduling, and downlink feedback for uplink transmission should be maintained by each cell.

· The uplink reporting issues should be further studied. We suggest
· RAN1 should decide the cell(s) for uplink reporting 
· RAN1 should define the A/N mapping rules for CA with different TDD configurations
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(b) new associations based on reference cell uplink allocation


(a) extended regional association mapping based on reference cell configuration
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