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1 Introduction
ACK/NACK (A/N) transmission schemes for TDD carrier aggregation in LTE-A were discussed 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
This contribution is mainly focused on A/N feedback design for PUCCH A/N feedback Mode b. The feasibilities of both time and CC domain bundling are analyzed firstly. Then the detailed resource allocation schemes are discussed for supporting Mode b.
2 ACK/NACK feedback with channel selection
For PUCCH A/N feedback Mode b, spatial bundling with time or CC domain bundling is used if the number of A/N bits to be indicated would be >4. For a typical case of 2 DL CCs with SU-MIMO and a UL/DL configuration 1, the number of A/N bits would at most be 8 bits, and then be 4 bits after spatial bundling. It is not necessary to adopt either time or CC 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 or CC domain bundling (FFS which) is used if the number of A/N bits to be indicated after spatial bundling would be >4.
For Mode b, either time or CC domain bundling will be introduced to get an A/N payload of no more than 4 bits. In the following sections, we further investigate the feasibilities of both time and CC domain bundling for channel selection. The detailed resource allocation and A/N transmission methods is also discussed.
2.1 CC domain bundling

For CC domain bundling, bundling will be done across all DL CCs within a sub-frame, as illustrated in Fig. 1. As discussed in [2-3], a 1-bit bundled A/N for each sub-frame is considered to be enough when the DAI indicates a total number. Then the bundled A/Ns of different sub-frames will be transmitted utilizing channel selection.
However, for the above mentioned solution, we found an error case when there are both SPS and dynamic PDSCH transmissions in a sub-frame. Take the example shown in Fig. 1, there is a SPS PDSCH transmission on Pcell and a dynamic PDSCH transmission on Scell in the sub-frame TTI1. When a UE successfully receives the SPS transmission but misses the PDCCH for dynamic PDSCH, it can not found PDCCH missing since it receives no PDCCH. A bundled ACK will be generated for this sub-frame. The DTX->ACK problem may occur. This error case could be eliminated by restricting to no dynamic PDSCH transmission on Scell when there is a SPS transmission on Pcell in a sub-frame. However, this kind of restriction will obviously result in a reduced performance and is generally not preferred.
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Figure 1 Error case of CC domain bundling: DAI is the total number of PDCCHs in a sub-frame, DL grant of Scell is missed in sub-frame TTI1
To handle this error case, a 2-bit bundled A/N representing number of ACKs (i.e. similar to the case when A/N is simultaneously transmitted with SRI or CQI in Rel-8 TDD) is considered to be required for each sub-frame. However, channel selection with CC domain bundling will only be able support up to 2 sub-frames with a 2-bit bundled A/N per sub-frame. This implies that channel selection with CC domain bundling can only support very limited UL/DL configurations, including 0, 1 and 6. It will not be able to support the remaining UL/DL configurations, including UL/ DL configuration 2, which is also considered to be a typical configuration. So such error case handling is not considered to be feasible.
Observation 1: Channel selection with CC domain bundling needs to consider the error case of both SPS and dynamic PDSCH transmissions in a sub-frame.
2.2 Time domain bundling
For time domain bundling, bundling will be done across all sub-frames within a CC, as illustrated in Fig. 2. DAI should indicate a counter within each DL CC to avoid eNodeB predicting resource allocation in the following sub-frames. As discussed in [2], a 2-bit bundled A/N representing number of ACKs (i.e. similar to 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).
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Figure 2 Time domain bundling, DAI as a counter in a CC.
Since each DL CC will feed back a 2-bit bundled A/N, channel selection with time domain bundling will only be able to support up to 2 DL CCs. All UL/DL sub-frame configurations could be supported. Since UE categories for Rel-10 [7] can only support up to 2 DL CCs, we think it is enough for channel selection to support up to 2 DL CCs. In case of aggregated more than 2 DL CCs, A/N feedback Mode 1 with PUCCH format 3 could be used.
Observation 2: Channel selection with time domain bundling is feasible for up to 2 DL CCs for LTE-A TDD.
Although channel selection with time domain bundling is feasible for up to 2 DL CCs. More discussion is needed on the detailed resource allocation and A/N transmission method. As has been widely recognized, the resource allocation is closely related to the mapping table design. In the following discussion, the 4-bit mapping table in [4] was assumed since it has been agreed as working assumption and is optimized for 2 DL CCs. However, most of the discussions will still be applied for the 4-bit mapping table in [5]. Since both tables could support the resource allocation working assumption in [6] for up to 2 DL CCs where the hybrid A/N resource allocation scheme is used. In the hybrid A/N resource allocation scheme, 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 each DL CC, a 2-bit bundled A/N will be fed back. Correspondingly, 2 A/N resources will be needed for each DL CC to perform channel selection. In case of receiving more than 1 PDSCH on a CC, 2 A/N resources can obviously be guaranteed for that CC. In case of DL-MIMO, 2 A/N resources can be reserved the same way as in FDD with DL MIMO. However, in case of receiving only 1 PDSCH on a non-MIMO CC, it is possible that only 1 A/N resource is assigned and more investigations are needed on the resource allocation scheme.
2.2.1 Mapping from the bundled A/N to 2-bit HARQ-ACK information
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. The mapping is proposed in Table 1. In case of detecting at least one PDCCH missing or receives no PDSCH, {DTX, DTX} could be used.
Table 1 Mapping between 2-bit bundled A/N and 2-bit HARQ-ACK information
	Bundled A/N representing number of ACKs
	HARQ-ACK information

	0 (i.e. bundled NACK)
	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


2.2.2 A/N resource allocation
For Pcell, when UE receives only one non-MIMO PDSCH and thus only one A/N resource, a second A/N resource is not required assuming table 1 is used. 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 A/N mapping table in [4], it could be seen that the second PUCCH resource will never be selected for all Pcell entries of {NACK, NACK} and {ACK, NACK}. Thus, assigning a second A/N resource is not needed for the Pcell in case of receiving only one non-MIMO PDSCH. A UE could simply choose the A/N resource corresponding to the first one or two PDSCHs for channel selection.
Table 2 4-bit A/N mapping table from [4]
	PCell
	SCell
	PUCCH resource

	
	
	1
	2
	3
	4

	A,A
	A,A
	
	–1
	
	

	A,N
	A,A
	
	
	–j
	

	N,A
	A,A
	
	–j
	
	

	N,N
	A,A
	
	
	
	–1

	A,A
	A,N
	
	j
	
	

	A,N
	A,N
	
	
	1
	

	N,A
	A,N
	
	1
	
	

	N,N
	A,N
	
	
	
	j

	A,A
	N,A
	
	
	–1
	

	A,N
	N,A
	
	
	j
	

	N,A
	N,A
	
	
	
	–j

	N,N
	N,A
	
	
	
	1

	A,A
	N,N
	–1
	
	
	

	A,N
	N,N
	j
	
	
	

	N,A
	N,N
	–j
	
	
	

	N,N
	N,N
	1
	
	
	

	A,A
	D,D
	–1
	
	
	

	A,N
	D,D
	j
	
	
	

	N,A
	D,D
	–j
	
	
	

	N,N
	D,D
	1
	
	
	

	D,D
	A,A
	
	
	
	–1

	D,D
	A,N
	
	
	
	j

	D,D
	N,A
	
	
	
	1

	D,D
	N,N
	No transmission

	D,D
	D,D
	No transmission


For Scell which is cross-carrier scheduled from Pcell, when UE receives only one non-MIMO PDSCH, one A/N resource could be implicitly mapped from the first PDCCH CCE. However, a second A/N resource will also be required for channel selection, as indicated the two rows highlighted in Table 1. The second A/N resource could be explicitly indicated by ARI in PDCCH. ARI could be introduced by reusing the TPC field. A UE should assume a same ARI on a DL CC. A UE could simply choose the A/N resource corresponding to the first received PDCCH and the A/N resource indicated by ARI for channel selection.
For Scell without cross-carrier scheduling, a pair of A/N resources could be explicitly indicated by ARI in PDCCH. ARI could be introduced by reusing the TPC field. 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 channel selection.
The discussed resource allocation for channel selection with time domain bundling is illustrated as in Fig. 3. In Fig. 3(a), an example with cross-carrier scheduling is given. For Pcell, the implicitly mapped A/N resources for PDSCH transmission in TTI0 and TTI1 could be used for channel selection. For Scell, the implicitly mapped A/N resource for PDSCH transmission in TTI1 and the additionally signalled A/N resource could be used for channel selection. In Fig. 3(b), an example without cross-carrier scheduling is given. For Pcell, the implicitly mapped A/N resources for PDSCH transmission in TTI0 and TTI1 could be used for channel selection. For Scell, a pair of explicitly signalled A/N resources could be used for channel selection.
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(a) With cross-carrier scheduling


[image: image4]
(b) Without cross-carrier scheduling

Figure 3 Resource allocation for channel selection with time domain bundling.
Proposal 2: For channel selection with time domain bundling,

· Table 1 is adopted for mapping from bundled A/N to a 2-bit HARQ-ACK information for each DL CC,
· An additional A/N resource is explicitly indicated by ARI for Scell which is cross-carrier scheduled from Pcell if mapping table in [4] is adopted,

· A pair of A/N resources is explicitly indicated by ARI for Scell without cross-carrier scheduling,

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

3 Conclusion
In this contribution, the detailed design for A/N feedback with channel selection is discussed for TDD. It is proposed to modify the definition of PUCCH A/N feedback Mode b as:

· Spatial bundling is applied if the number of A/N bits to be indicated would be >4. Time or CC domain bundling (FFS which) is used if the number of A/N bits to be indicated after spatial bundling would be >4.
An analysis on the feasibility of both time and CC domain bundling is also given for channel selection. Based on the analysis, it is observed that:

· Channel selection with CC domain bundling needs to consider the error case of both SPS and dynamic PDSCH transmissions in a sub-frame.

· Channel selection with time domain bundling is feasible for up to 2 DL CCs for LTE-A TDD.

Based on the observations, the following is proposed for channel selection with time domain bundling:

· Table 1 is adopted for mapping from bundled A/N to a 2-bit HARQ-ACK information for each DL CC,
· An additional A/N resource is explicitly indicated by ARI for Scell which is cross-carrier scheduled from Pcell if mapping table in [4] is adopted,

· A pair of A/N resources is explicitly indicated by ARI for Scell without cross-carrier scheduling,

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