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1
Introduction and Background
In RAN1#68b, open issues for TDD inter-band CA were discussed [1]. In particular, for the self-scheduling scenario, many open issues related to the configuration/timing of DL/UL HARQ and scheduling operations could be resolved and were agreed. For the cross-carrier scheduling scenario, some aspects of configuration and timing of DL/UL HARQ and scheduling were discussed.
In this contribution, we take a closer look at the existing TDD inter-band CA agreements and we identify several more detailed design issues that need to be taken into account for R11. One of these topics is the operation of Ack/Nack transmission through PHICH and PUCCH.

In this contribution, we provide a summary overview on PHICH and PUCCH bit mapping and resource allocation for TDD inter-band CA. We discuss whether the current specifications for R10 TDD intra-band CA are also applicable to the TDD inter-band CA case. The focus of this contribution is on PUCCH AN bit mapping and resource allocation principles. Note that the timing aspects of PHICH and PUCCH are not addressed again in this contribution, given that these have already been extensively discussed before.
2 
Discussion
In TDD, the DL AN bits of several DL subframes are bundled into a single PUCCH and transmitted to the eNB. This procedure is referred to as AN bundling. In TDD CA, the DL AN operation of PCell and SCell(s) are tightly related, since the DL AN bits for all cells have to be transmitted on the PCell, i.e. the scheduling cell [3].

In this contribution, we start by a brief description of DL Ack/Nack bundling in R10. Then, we discuss the AN bundling procedure in the context of R11 TDD inter-band CA operation. We conclude by looking at the question of PUCCH resource allocation.

2.1 PUCCH AN bit mapping
R10 supports TDD CA for only the intra-band scenario where all aggregated cells have the same TDD UL/DL configurations. For this scenario, PUCCH Format 1b with Channel Selection (w/ CS) and PUCCH Format 3 are supported. When using the same TDD UL/DL configuration for PCell and SCell, the DL HARQ timing and the size of the bundling window are the same. This principle is illustrated in Figure 1.

Therefore, in the specification of PUCCH operation [4], there is always a single parameter used in the calculations which represents the size of the bundling window in terms of DL subframes, i.e., the number of DL subframes in a bundling window of both PCell and SCell.

In addition, in R10 TDD CA, the mapping of AN bits into a PUCCH, i.e. PUCCH format 1b w/CS is only defined when the number of AN bits per cell is the same.
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Figure 1: TDD intra-band CA example where both cells are configured with TDD UL/DL configuration 2 (same HARQ timing and bundling window) and when DL HARQ feedback would be sent in PCell UL subframe #7
In the context of TDD inter-band CA, several agreements have been made for DL HARQ operation of PCell and SCell(s). In terms of PUCCH timing relationship, these agreements and working assumptions can be summarized into two main cases:

· Case A: SCell follows the DL HARQ timing of the PCell and PCell follows its own DL HARQ timing
· Case B: SCell follows its own DL HARQ timing and PCell follows its own DL HARQ timing 

Note that the difference only affects the operation of the SCell DL HARQ.

An example for Case A is presented in Figure 2 where the PCell is configured with TDD UL/DL configuration 2 and the SCell is configured with TDD UL/DL configuration 1.

Since the SCell follows the DL HARQ timing of the PCell, the bundling windows for both cells are the same. However, the number of the AN bits in the SCell is less than that of the PCell. As a result, the R10 Ack/Nack bit-mapping and bundling operations are no longer applicable “as is” to this case and R11 specifications will need to take this into account.
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Figure 2: TDD inter-band CA example where the SCell follows the PCell’s DL HARQ timing and may comply with PCell bundling window. This example shows the DL HARQ feedback in PCell UL subframe #7.
An example for Case B is presented in Figure 3 where the PCell is configured with TDD UL/DL configuration 1 and SCell is configured with TDD UL/DL configuration 2.

Since the SCell follows its own DL HARQ timing, not only the bundling window of these cells are different, but also the number of the Ack/Nack bits (corresponding to the number of the DL subframes) in the SCell bundling window is different than that resulting from the PCell bundling window. As a result, the R10 AN bit mapping and bundling rules are no longer applicable “as is” to this case and similar to the first example for Case A, R11 specifications will also need to take this difference into account.
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Figure 3: A TDD inter-band CA example where each cell follows its own DL HARQ timing and both cells need to send DL HARQ feedback in the PCell UL subframe #7.

Any update to R11 AN bit mapping and bundling rules for TDD inter-band when compared to the R10 baseline should avoid introducing a completely new set of bundling tables and should reuse the existing R10 procedures for TDD intra-band CA as much as possible.

To illustrate a possible solution for the R11 TDD inter-band case, the above described TDD inter-band Cases A and B could be mapped to the R10 TDD intra-band CA scenarios by creating the same number of AN bits for both PCell and SCell. Then, the same procedures used for R10 TDD intra-band CA can be applied to R11 TDD inter-band CA AN bit mapping with minimal specification effort.

Two examples of this solution are provided in the following:
· Case A: Considering the example configuration presented in Figure 2, the SCell has 1 Ack/Nack bit less than the PCell. In this case, one solution could be for the UE to reserve a single AN bit for the SCell subframe #3 and send a dummy bit for that subframe. Doing so results in having the same number of AN bits for the PCell and SCell. Therefore, the same bundling procedure already used for the R10 TDD intra-band CA can be re-used for R11 TDD inter-band CA
· Case B: Considering the example configuration shown in Figure 3, here the SCell has a larger bundling window with more DL subframes than the PCell. In this case, one solution will be for the UE to assume the same large bundling window size also for the PCell, i.e., requiring to send 4 AN bits and to send 2 dummy bits instead of the PCell’s AN for those virtual 3rd and 4th DL subframes in the actual PCell bundling window. Doing so results in having the same number of AN bits for the PCell and SCell. Therefore, the same bundling procedure already used for the R10 TDD intra-band CA can be re-used for R11 TDD inter-band CA.
Note that the placement of dummy or NACK bits will in particular for the case of PUCCH Format 3 not result in an actual penalty in terms of achievable PUCCH coverage. In fact, the placement of these virtual bits is similar to the R10 PUCCH F3 principle of slow codebook adaptation. Moreover, the eNB is aware of the used TDD inter-band configurations on the PCell and SCell respectively, as well as the actually used DL assignments and the effective bundling window sizes.
Proposal 1: No new bundling table should be introduced for TDD inter-band CA. Any solution to address the R11 TDD inter-band case should reuse the existing R10 bundling procedures for TDD intra-band CA.
2.2 PUCCH resource allocation
In terms of PUCCH resource allocation procedures, no immediate issue exists. Therefore, R11 PUCCH resource allocation principles can remain the same as those used for R10 TDD intra-band CA where the same TDD UL/DL configuration is used in all aggregated cells.
2.3 PHICH bit mapping and resource allocation
PHICH is carried on the same carrier which provides the scheduling assignment. So far no issue has been identified for PHICH resource allocation and bit mapping principles, since these operations can remain the same as those used for R10 TDD intra-band CA where the same TDD UL/DL configuration is used for all aggregated cells.
3
Conclusion and Proposals
In this contribution, some aspects of the DL/UL AN operation such as PHICH/PUCCH resource allocation and bit mapping were discussed. We identified the scope and extent of required updates to R11 specifications to properly take into account the bundling window sizes and AN bit mapping rules for the PUCCH.

This applies to both Case A where the SCell follows the DL HARQ timing of the PCell and PCell follows its own DL HARQ timing, and it applies to Case B where the SCell follows its own DL HARQ timing and PCell follows its own DL HARQ timing.

In summary,
Proposal 1: No new bundling table should be introduced for TDD inter-band CA. Any solution to address the R11 TDD inter-band case should reuse the existing R10 bundling procedures for TDD intra-band CA.
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