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1
Introduction and Background
In RAN1#69, some open issues for TDD inter-band CA were discussed [1]. In particular, the PUCCH HARQ AN was discussed and a few contributions on this topic were presented [2]

 REF _Ref330999619 \r \h 
[3]. Some agreements where achieved for the operation of PUCCH Format 3, however, the operation of PUCCH Format 1b w/CS remained to be further discussed offline [4].
In this contribution, we discuss design aspects and detailed operation of PUCCH F1b w/CS for TDD inter-band CA. Some preliminary discussion can be found in [2].
2 
Discussion
In TDD, the PDSCH 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 PDSCH AN operation of PCell and SCell(s) are tightly related, since the PDSCH AN bits for all cells have to be transmitted on the PCell [5]. In this contribution, we start by a brief description of PDSCH AN bundling in R10. Then, we discuss the AN bundling and bit mapping procedures in the context of R11 TDD inter-band CA operation. We conclude by looking at the question of PUCCH resource allocation.

2.1 R10 PUCCH F1 w/CS AN bit mapping
R10 supports TDD CA for only the intra-band scenario where all aggregated cells have the same TDD UL/DL configuration. For this scenario, PUCCH F1b w/CS and PUCCH Format 3 are supported. When using the same TDD UL/DL configuration for PCell and SCell, the PDSCH HARQ timing and the size of the bundling window are the same. This principle is illustrated in Figure 1.
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Figure 1: R10 TDD intra-band CA example where both cells are configured with TDD FC2 (same HARQ timing and bundling window) and where PDSCH HARQ feedback would be sent in PCell UL subframe #7
Therefore, in the R10 specifications for PUCCH operation [5], 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 to PUCCH, i.e. PUCCH F1b w/CS is only defined when the number of AN bits per cell is the same.

2.2 R11 design principles and PUCCH F1 w/CS AN bit mapping

In the context of TDD inter-band CA, several agreements have been made for PDSCH HARQ operation of PCell and SCell(s), where the PCell PDSCH HARQ always follows its own PDSCH HARQ timing. In terms of PUCCH timing relationship for SCell, these agreements and working assumptions can be summarized into three cases:

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

· Case C: SCell follows a PDSCH HARQ timing corresponding a TDD UL/DL configuration different than that of PCell and SCell
Note that the difference only affects the operation of the SCell PDSCH HARQ. The timing and bundling window boundaries of SCell have been discussed in the offline email discussion [4] and most companies have shown support for the following proposal:
Proposal 1: The set of DL subframes (denoted as Kc) on serving cell c associated with UL subframe n shall include the DL subframes n-k where k ∈K and K is determined according to the reference timing configuration [4].
The aforementioned reference configuration refers to that of PCell in Case A, that of SCell in Case B and that different TDD UL/DL configuration from PCell’s and SCell’s in Case C.

One observation from adapting the Proposal 1 is that PCell and SCell may need to provide PDSCH HARQ for different number of DL subframes, i.e., different number of AN bits, in the same PCell UL subframe n. This is different than the operation of R10 TDD intra-band CA and as a result, the R10 AN bit-mapping and bundling operations are no longer applicable “as is” to this case and R11 specifications will need to take this observation into account.

Therefore, the next question to be addressed is how to accommodate different number of PCell’s and SCell’s AN bits in the same PUCCH in R11. The following examples will further clarify this question. 

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 PDSCH 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. 
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Figure 2: R11 TDD inter-band CA example where the SCell follows the PCell’s PDSCH HARQ (Case A) and both cells need to send the PDSCH 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 PDSCH HARQ timing, the number of the AN bits (corresponding to the number of the DL subframes) in the SCell is more than that of the PCell.
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Figure 3: A R11 TDD inter-band CA example where each cell follows its own PDSCH HARQ timing (Case B) and both cells need to send PDSCH HARQ feedback in the PCell UL subframe #7.

To accommodate different number of AN bits of the PCell and SCell on the same PUCCH, two different design choices can be considered in principle:
D1) Introduce new AN mapping tables and/or timing relationships for PUCCH F1b w/CS into R11 specification

D2) Re-use the existing R10 AN mapping tables and timing relationships for PUCCH F1b w/CS
One advantage of the D1 over D2 is that the new design will provide the possibility of further optimization of the AN performance for TDD inter-band CA. However, D2 has the advantage of the simplicity and the fact that it requires significantly less specification effort compared to that of D1.

Given the late stage of R11, we support D2 design path, i.e. re-use existing R10 specifications for PUCCH F1b w/CS:
Proposal 2: No new bundling table should be introduced for TDD inter-band CA. Any solution to address the R11 TDD inter-band CA should reuse the existing R10 AN mapping tables and timing relationships for TDD intra-band CA.
Following the above proposal, the next question is then how to accommodate different numbers of AN bits of SCell and PCell in the same PUCCH using the R10 bundling tables.

A solution for R11 PUCCH F1b w/CS AN bit mapping was provided in [2] through some examples. This solution is further described in the following
Proposal 3: 
· The UE shall use the R10 AN mapping tables with M=max{MP,MS}, where MP is the number of the elements in set KC for the PCell and MS is the number of elements in set KC for the SCell.
· If MS>MP, then PCell HARQ-ACK bits corresponding to subframe i, for MP<=i<M shall be set to DTX. 

· If MP>MS, then SCell HARQ-ACK bits corresponding to subframe i, for MS<=i<M shall be set to DTX.

· If MS=MP, then R10 rules shall be used.

Two application examples of this solution, i.e., Proposal 3, are provided in the following:
· Case A: Considering the example configuration presented in Figure 2, the SCell has 1 AN bit less than the PCell. In this case, the UE reserves an extra AN bit for the SCell subframe #3 and sets it to DTX. Doing so results in having the same number of AN bits for the PCell and SCell. 
· Case B: Considering the example configuration shown in Figure 3, the SCell has a larger bundling window with more DL subframes than the PCell. In this case, the UE assumes the same large bundling window size of the SCell for the PCell, i.e., which requires to provide 4 AN bits compared to the 2 AN bits of the PCell and sets those 2 extra PCell’s AN bits to DTX. Doing so results in having the same number of AN bits for the PCell and SCell.
It is important to note that the choice to encode the “orphan” subframes in the bundling windows as DTX will not significantly impact the decoding performance for the PUCCH F1 w/CS. This is redundant from the system point of view and arguably decreases somewhat the flexibility to optimize the PUCCH F1b w/CS constellation points as a function of the actually available DL subframes for PCell and SCell. However, both placement and resulting constellation mapping from the DTX bit(s) corresponding to the orphan DL subframe(s) in the bundling windows for the PCell and SCell are known to the eNB. This is similar to the idea of the slow codebook adaption with PUCCH F3.
2.3 PUCCH F1 w/CS resource allocation
In terms of PUCCH resource allocation procedures, no immediate issue is identified. 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.
3
Conclusion and Recommendations
In this contribution, some design aspects of the PUCCH F1 w/CS for TDD inter-band CA were discussed. In particular, we identified the scope and extent of required updates to R11 specifications to properly take into account the AN bit mapping rules and procedures for the PUCCH F1 w/CS.
In summary, we propose that:
Proposal 1: the set of DL subframes (denoted as Kc) on serving cell c associated with UL subframe n shall include the DL subframes n-k where k ∈K and K is determined according to the reference timing configuration [4].
Proposal 2: No new bundling table should be introduced for TDD inter-band CA. Any solution to address the R11 TDD inter-band CA should reuse the existing R10 AN mapping tables and timing relationships for TDD intra-band CA.
Proposal 3: 
· The UE shall use the R10 mapping table with M=max{MP,MS}, where MP is the number of the elements in set KC for the PCell and MS is the number of elements in set KC for the SCell.
· If MS>MP, then PCell HARQ-ACK bits corresponding to subframe i, for MP<=i<M shall be set to DTX. 

· If MP>MS, then SCell HARQ-ACK bits corresponding to subframe i, for MS<=i<M shall be set to DTX.

· If MS=MP, then R10 rules shall be used.
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