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1 Introduction
ACK/NACK (A/N) transmission schemes for TDD carrier aggregation in LTE-A were extensively discussed in recent meetings. During RAN1 #62bis meeting, the following was agreed [1]: 

· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· FFS whether a Mode 2 is also supported:

· Spatial bundling with time or CC bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x 

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Spatial bundling with time- or CC-domain bundling (FFS which) is used if the number of A/N bits to be indicated would be >4
During RAN1 #63 meeting, it was further agreed that [2]:

· PUCCH Format 3 Mode 2 is not supported in Rel-10.

· Use time-domain bundling for mode b.
This contribution is mainly focused on the detailed design on supporting A/N time domain bundling for Mode b, including mapping tables, bundling scheme and related A/N resource allocation scheme.
2 TDD ACK/NACK feedback with channel selection
For PUCCH A/N feedback Mode b, spatial bundling with time domain bundling is used if the number of A/N bits to be indicated would be >4. As has been widely recognized, it can support up to 2 DL CCs. When M is equal to 2, 4-bit A/Ns would be got after spatial bundling, where M is the number of sub-frames in the downlink association set. There is no need to adopt time domain bundling. Hence it is proposed that:
Proposal 1: The definition of PUCCH A/N feedback Mode b is modified as:
· Spatial bundling is applied if the number of A/N bits to be indicated would be >4. Time domain bundling is used if the number of A/N bits to be indicated after spatial bundling would be >4.
In the following sections, more details are further discussed, including the design of mapping table, time domain bundling scheme and related A/N resource allocation scheme.
2.1 Mapping table
Mapping table design for channel selection has been extensively discussed. The mapping tables in [3] were proposed for both FDD and TDD carrier aggregation. However, a concern on the applicability of these mapping tables to TDD single carrier case was raised during the online discussion and thus the mapping tables were agreed for FDD only.
The concern was about the optimization of TDD A/N in single-carrier case with UL:DL sub-frame configuration 2, which is considered to be a typical scenario in the future deployment. However, the Rel-8 4-bit mapping table used for the scenario can not give an optimal system performance because of the overlapping states in the table. Both the mapping tables in [3] and the tables in [4] do not contain overlapping states. But for the mapping tables in [3], the selected A/N channel may be the A/N resource corresponding to DTX state. And the implicit A/N resource is not available for DTX state because the DL grant is missed. The mapping tables in [4] do not contain the resource problem and thus considered to be more suitable for TDD single-carrier case.
In our opinion, if the optimization for single carrier case could be considered in Rel-10 TDD, we prefer to adopt the mapping tables in [4] for both single carrier case and carrier aggregation case. The possibility to adopt table in [3] for multi-carrier case and table in [4] in single carrier case is not preferred to avoid implementing 3 series of mapping tables for Rel-10 TDD UEs, and to avoid ambiguities on mapping tables to be used during the reconfiguration between single carrier case and multi-carrier case.
Proposal 2: If the optimization for single carrier case could be considered in Rel-10 TDD, it is preferred to adopt the mapping tables in [4] for both single carrier case and carrier aggregation case.
2.2 Time domain bundling scheme
For time domain bundling, bundling will be done across all sub-frames within a CC, as illustrated in Fig. 1. DAI indicates a counter within each DL CC, which is the same as in Rel-8. A 2-bit bundled A/N representing the number of bundled ACKs (i.e. exactly the same as the case when A/N is simultaneously transmitted with SRI or CQI in Rel-8 TDD) will be required for each DL CC, to avoid possible DTX->ACK problem caused by missing last PDCCH(s).

[image: image1]
Figure 1 Time domain bundling, DAI as a counter in a CC.
In order to utilize the channel selection, the 2-bit bundled A/N for each DL CC should firstly be mapped to 2-bit HARQ-ACK information, and then the 2-bit HARQ-CAK information will be used as the input to the mapping table discussed above. Note that in Rel-8 the 2-bit bundled A/N is transmitted on SRI resource or CQI resource explicitly without the need of channel selection, so the mapping from the 2 bundled bits to the 2-bit HARQ-ACK information has to be defined in Rel-10 no matter which bundling scheme is used. An example of the mapping is given in Table 1. In case of receiving no PDSCH, {DTX, DTX} could be mapped.
Table 1 Mapping between 2-bit bundled A/N and 2-bit HARQ-ACK information
	Number of ACK among multiple (
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DAI

N

U

+

) ACK/NACK responses
	HARQ-ACK information

	0 or None (UE detect at least one DL assignment is missed)
	N, N

	1
	A, N

	2
	N, A

	3
	A, A

	4
	A, N

	5
	N, A

	6
	A, A

	7
	A, N

	8
	N, A

	9
	A, A


2.3 A/N resource allocation
In the following discussion, mapping tables in [4] are assumed. After the mapping in Table 1, 2-bit HARQ-ACK information will be generated for each CC. Correspondingly, 2 A/N resources will be needed to be assigned for each DL CC to perform channel selection.
For A/N resource allocation, a working assumption in [5] has been agreed. In the working assumption, implicit A/N resource allocation will be used if the corresponding PDCCH is transmitted on Pcell, while explicit A/N resource allocation will be used if the corresponding PDCCH is transmitted on Scell.
For PUCCH A/N feedback Mode b, spatial bundling is applied. Only 1 A/N resource will be required for each PDSCH transmission. When performing channel selection, 2 A/N resources may be needed for each CC. 

For Pcell or for Scell which is cross-carrier scheduled from Pcell, 2 A/N resources can obviously be guaranteed by the working assumption in case of receiving more than 1 PDSCH on it. When receiving 1 PDSCH on a CC, only 1 A/N resource will be assigned for the CC. In such case, UE will feedback either 0 or 1 as the number of bundled ACKs. According to Table 1, {NACK, NACK} or {ACK, NACK} is the mapped A/N bits. From the 4-bit mapping table in [4], it could be seen that the second A/N resource of a CC will never be selected for transmission in case of a {NACK, NACK} or {ACK, NACK}. Thus, assigning 1 A/N resource for each PDSCH will be enough.
When receiving more than 2 PDSCHs on a CC, more than 2 A/N resources will be assigned. However, only 2 A/N resources will be required for each CC to perform channel selection. In our understanding, a UE could simply choose the A/N resource corresponding to the first one or two PDSCHs for performing channel selection.
For Scell without cross-carrier scheduling, A/N resource will be explicitly signalled according to the working assumption. A pair of A/N resources could be explicitly indicated through ARI (by reusing TPC field) in the PDCCH, like what was agreed for A/N transmission with PUCCH format 3. More detailed, ARI could indicate one pair of A/N resources from four pairs of RRC-configured A/N resources.  A UE should assume a same ARI on a DL CC. A UE could choose the pair of A/N resources indicated by ARI for performing channel selection.
Proposal 3: For PUCCH A/N feedback Mode b,

· Table 1 is adopted for mapping from bundled A/N to 2-bit HARQ-ACK information for each DL CC.
· For Pcell or for Scell which is cross-carrier scheduled from Pcell,
· Reuse the Rel-8/9 A/N resource allocation scheme,

· A/N resource corresponding to the first one or two PDSCHs will be used for channel selection.
· For Scell without cross-carrier scheduling, 
· The pair of A/N resources used for channel selection is explicitly indicated by ARI from four pairs of RRC-configured A/N resources, 

·  A UE should assume the same ARI on a DL CC.

3 Conclusion
In this contribution, the detailed design is further discussed for TDD PUCCH A/N feedback Mode b. Based on the discussion, it is proposed that:

· The definition of PUCCH A/N feedback Mode b is modified as:
· Spatial bundling is applied if the number of A/N bits to be indicated would be >4. Time domain bundling is used if the number of A/N bits to be indicated after spatial bundling would be >4.
· If the optimization for single carrier case could be considered in Rel-10 TDD, it is preferred to adopt the mapping tables in [4] for both single carrier case and carrier aggregation case.
· For PUCCH A/N feedback Mode b,

· Table 1 is adopted for mapping from bundled A/N to 2-bit HARQ-ACK information for each DL CC.

· For Pcell or for Scell which is cross-carrier scheduled from Pcell,

· Reuse the Rel-8/9 A/N resource allocation scheme,

· A/N resource corresponding to the first one or two PDSCHs will be used for channel selection.

· For Scell without cross-carrier scheduling, 

· The pair of A/N resources used for channel selection is explicitly indicated by ARI from four pairs of RRC-configured A/N resources, 

·  A UE should assume the same ARI on a DL CC.
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