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1 Introduction
The remaining issue of the ACK/NACK signaling includes the allocation of PUCCH resources for channel selection, which shall support the Rel-10 ACK/NACK mapping tables [1]. The ACK/NACK signaling and associated resource allocation should consider at least the following: 
· Dynamic fallback to one transport block transmission on a serving cell configured with two transport blocks transmission
· SPS transmission

· Possibility for efficient explicit resource allocation by an ARI

In this document, we propose a single unified resource allocation that is capable of accommodating the above requirements. In Sec. 2, we discuss the support of dynamic fallback cases. In Sec.3, the details of the resource allocation are discussed and Sec. 4 contains elaborations on the usage of an ARI. 
2 Dynamic fallback to one transport block transmission on a serving cell configured with two transport blocks transmission
When there is SPS transmission or dynamic fallback to one transport block transmission on a serving cell configured with two transport blocks transmission, the number of generated ACK/NACK bits for the serving cell will be reduced from two to one. This necessitates that a subset of the ACK/NACK feedback states need to be used. Typically this can be achieved by assuming that a certain HARQ-ACK field should be assigned a predefined state, e.g., ACK or NACK [6]. 
Also, one transport block transmission will be utilized during reconfiguration for the case of DCI format 1A fallback and SPS transmission. For the case of reconfiguration from non-carrier aggregation to carrier aggregation with cross-carrier scheduling or vice versa, the ambiguity of DCI format size exists in UE specific search space because of CIF. To avoid the DCI format size ambiguity, the eNodeB may consider only scheduling on the PCell with one transport block transmission by DCI format 1A in the common search space during the reconfiguration period. For the case of SPS transmission, single transport block transmission will be used. PUCCH format 1a fallback should be used to convey ACK/NACK bits during the reconfiguration of serving cells. If only PUCCH format 1b is supported, the corresponding ACK/NACK of SPS transmission will not be able to be transmitted.  Hence, it is preferred that fallback to PUCCH format 1a can also be supported when the PCell is configured with up to two transport blocks transmission. To support PUCCH format 1a fallback, any of the states {ACK, ACK} or {NACK, NACK} can be assumed as the response to this one transport block for ACK or NACK, respectively. It can be verified that this remapping reduces to PUCCH format 1a signaling [1]

 REF _Ref280712759 \r \h 
[6].

To simplify the design and implementation, it is proposed to have the same remapping rule for SPS, dynamic fallback to one transport block and the case of DCI format 1A usage during reconfiguration, which is: 

· ACK or NACK of a single transport block transmission on a serving cell configured with two transport blocks transmission is assumed as {ACK, ACK} or {NACK, NACK}, respectively. 

3 Resource allocation for channel selection
The adopted resource allocation scheme shall accommodate resources in accordance with the ACK/NACK mapping tables. It should also provide the resources such that the appropriate ACK/NACK states can be signaled also if there is a fallback to single transport block transmission (e.g., either dynamic fallback, usage of DCI format 1A or SPS transmission). In the following, we discuss a unified resource allocation approach to all these.
For channel selection, the mapping table is dependent on number of configured serving cells and transmission modes. When PCell is configured with up to two transport blocks transmission, two ACK/NACK resources are needed to be assigned. For SPS transmission on PCell, there is only one semi-statically assigned SPS resource [2]. The second resource in case of SPS transmission could be explicitly signaled by either the PDCCH scheduling the SCell or the higher-layer signaling. For dynamic scheduling from PCell, to support PUCCH format 1a/1b fallback, at least one resource has to be obtained from nCCE by reusing the Rel-8/9 implicit resource reservation method. The second resource could either be implicitly mapped from nCCE+1 or be explicitly signaled by the PDCCH scheduling the SCell. In order to have a unified resource allocation for SPS and dynamic scheduling, it is preferred that the second resource for PCell is explicitly signaled by the PDCCH scheduling the SCell, and only one resource (i.e., nCCE) will be reserved implicitly from a PDCCH on the PCell, i.e., the Rel-8/9 scheme should be reused. Accordingly, the unified solution renders in the implicit resource obtained from the PCell for dynamic scheduling, nCCE, just being replaced by the semi-statically configured SPS resource when SPS is configured. The number of reserved resources associated with the SCell is thus the same regardless if SPS is configured or not. Furthermore, all ACK/NACK states can be signaled since only one resource from the PCell is needed when only the PCell is scheduled (i.e., the PUCCH format 1b fallback property) and all the resources are available when there is both PCell and SCell scheduling. In addition, it can be verified that this unified resource allocation provides sufficient resources in accordance with the remapping from Sec. 2 [1].  
It follows directly from [1] that for scheduling on the PCell, the semi-statically configured SPS resource shall correspond to 
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. For 3 bits ACK/NACK (i.e. Table 10.1-1b in [1]), if the PCell is configured for one transport block transmission and the SCell is configured for two transport blocks transmission, the SPS resource shall correspond to 
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Thus to have a unified resource allocation scheme which is compatible with the support of SPS transmission, one transport block fallback transmission, the resource allocation for single antenna port transmission shall reuse the Rel-8/9 implicit resource allocation method to determine one implicit resource per PDCCH on the PCell. The remaining resources should be explicit resources when the number of implicit resources is insufficient. The detail of this proposed resource allocation is contained in Table 1~3 in Appendix. As will be discussed in Sec. 4, the explicit resources should be assigned by an ARI in the PDCCH. Hence, for channel selection in case of single antenna port transmission, we propose, 
· For a PDSCH transmission on PCell or a PDSCH transmission on SCell which is cross-carrier scheduled from PCell, one ACK/NACK resource is implicitly derived according to Rel-8/9 rules
· The remaining ACK/NACK resources are explicitly indicated through an ARI in the PDCCH for scheduling PDSCH on SCell 
· In case of non-cross carrier scheduling, number of the remaining ACK/NACK resources is M-1
· In case of cross-carrier scheduling, number of the remaining ACK/NACK resources is M-2 
· Where M denotes the ACK/NACK payload size depending on number of configured serving cells and transmission modes 
For the proposed resource allocation scheme, when PDSCH only on the PCell is received, one implicit resource from PDCCH for PCell is always available which can support the ACK/NACK signaling according to the ACK/NACK mapping tables; when PDSCH on the SCell is received, the resources except for the implicit resource derived from PDCCH for PCell will be used for ACK/NACK signaling, which are also available because they are from the PDCCH for SCell. Hence this unified resource allocation scheme can accommodate sufficient number of resources for all the cases discussed above, including the remapping described in Sec. 2. 
As can be seen from Table 1-3, a further unification could be done by replacing S_nCCE with an explicit resource. This would give the same resource allocation scheme regardless if cross-carrier scheduling is configured or not. 
Given the proposed resource allocation, only nCCE of the PDCCH on PCell is utilized which is also beneficial to the compatibility with the possible introduction of SORTD. As discussed in [5], to avoid dynamic fallback to one antenna port transmission from SORTD and to avoid ambiguity during the reconfiguration from SORTD with channel selection to single antenna port transmission with channel selection, the implicit resources nCCE and nCCE+1 should be assigned to different antenna ports. Hence it can be seen that the unified resource allocation can allow nCCE+1 to be used for SORTD. 
4 On introducing ARI for channel selection
According to the resource allocation proposal in Sec.3, the remaining resources except for implicit resource are explicitly assigned. The question is how to signal these explicit resources. As has been widely recognized, an ARI in PDCCH will be beneficial for dynamic sharing of PUCCH resources among multiple UEs and will significantly reduce the required number of reserved PUCCH resources for a given number of UEs.

The multiplexing capacity of PUCCH format 1a/1b depends on the CP length and the parameter deltaPUCCH-Shift. For normal CP, the multiplexing capacity is 18 under a typical deltaPUCCH-Shift configuration of 2. For extended CP, the multiplexing capacity is 8 under a typical deltaPUCCH-Shift configuration of 3. Assume 20 UEs are configured with two transport blocks transmission on each of 2 CCs and without cross-carrier scheduling. 3 ACK/NACK resources will be needed to be explicitly signalled for each UE. An extra 60 PUCCH format 1a/1b resources are needed to be reserved for carrier aggregation through RRC signalling. This corresponds to 4 PRBs for normal CP and 8 PRBs for extended CP. If one PUCCH resource could be shared among 2 UEs after introducing ARI, The required PUCCH format 1a/1b resources could be reduced to a half. We think the reduced PUCCH overhead deserves an ARI in PDCCH for channel selection.
An ARI in PDCCH can also make eNodeB more flexible and scalable on configuring UEs with multiple CCs. Besides, an ARI in PDCCH is already introduced for PUCCH format 3. There will be no additional complexity to introduce an ARI also for channel selection. So an ARI is also preferred to be introduced for channel selection.

To avoid increasing the DCI format size, an ARI can be introduced in PDCCH by reusing the bits of TPC field, as what has been agreed for PUCCH format 3. For channel selection, there are two alternatives on introducing an ARI in PDCCH by reusing TPC field, as discussed in [4].

Alternative 1, TPC field is reused as ARI for a DL assignment which is transmitted on SCell, while it is maintained as TPC command for a DL assignment which is transmitted on PCell.

Alternative 2, TPC field is reused as ARI for a DL assignment corresponding to PDSCH on SCell, while it is maintained as TPC command for a DL assignment corresponding to PDSCH on PCell.

As discussed in Sec. 3, explicit ACK/NACK resources are required for SCell no matter cross-carrier scheduling exists or not. Besides, explicit ACK/NACK resource for PCell will also be required when there is a simultaneous PDSCH transmission on SCell. In Alternative 1, there will be no ARI and thus no explicit ACK/NACK resources when PDSCH transmission on Scell is cross-carrier scheduled from Pcell. In Alternative 2, ARI will always be present when there is a simultaneous PDSCH transmission on SCell. The explicit ACK/NACK resources could be indicated through ARI for both PCell and SCell. So Alternative 2 is preferred.
Similar to the case of PUCCH format 3, the ARI could indicate one set of ACK/NACK resources from four sets of RRC-configured ACK/NACK resources. The number of ACK/NACK resources in each set is dependent on the number of ACK/NACK resources required to be explicitly signalled to a UE. For example for the case of no cross-carrier scheduling and M ACK/NACK bits, each set could contain M-1 ACK/NACK resources, where M is the A/N payload depending on number of configured CCs and transmission modes.

Based on the discussion, it is proposed that:
· An ARI is introduced in DL assignment for channel selection for dynamic explicit resource indication.

· TPC field is reused as ARI for DL assignment corresponding to PDSCH on Scell, and TPC field is used as TPC command for DL assignment corresponding to PDSCH on Pcell.

· ARI indicates one set of A/N resources from four sets of RRC-configured A/N resources.
5 Conclusion
This contribution proposes a unified resource allocation for channel selection according to the following:
Resource allocation for channel selection:
· For a PDSCH transmission on PCell or a PDSCH transmission on SCell which is cross-carrier scheduled from PCell, one ACK/NACK resource is implicitly derived according to Rel-8/9 rules
· The remaining ACK/NACK resources are explicitly indicated through an ARI in the PDCCH for scheduling PDSCH on SCell 
· In case of non-cross carrier scheduling, number of the remaining ACK/NACK resources is M-1
· In case of cross-carrier scheduling, number of the remaining ACK/NACK resources is M-2 
· Where M denotes the ACK/NACK payload size depending on number of configured serving cells and transmission modes
The support of special cases:

· ACK or NACK of a single transport block transmission on a serving cell configured with two transport blocks transmission is assumed as {ACK, ACK} or {NACK, NACK}, respectively.
· If the PCell is configured for two transport blocks transmission, the SPS resource should be 
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· If the PCell is configured for one transport block transmission, the SPS resource should be 
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 in case of 3 bits ACK/NACK feedback.
ARI: 

· An ARI is introduced in DL assignment for channel selection for dynamic explicit resource indication.

· TPC field is reused as ARI for DL assignment corresponding to PDSCH on Scell, and TPC field is used as TPC command for DL assignment corresponding to PDSCH on Pcell.

· ARI indicates one set of A/N resources from four sets of RRC-configured A/N resources.
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Appendix 
P_nCCE: index of the first CCE (nCCE) of PDCCH corresponding to PDSCH on Pcell

S_nCCE: index of the first CCE (nCCE) of PDCCH corresponding to PDSCH on Scell

ARI    : TPC of the PDCCH corresponding to PDSCH on SCell is reused to indicate explicit resources

Table 1.  Resource allocation for M=2 ACK/NACK bits.
	Antenna port
	Antenna port 0

	Channel
	0
	1

	Cross-carrier scheduling from PCell
	P_nCCE
	S_nCCE

	Non cross-carrier scheduling
	P_nCCE
	explicit resource


Table 2. Resource allocation for M=3 ACK/NACK bits.
	Antenna port
	Antenna port 0

	Channel
	0
	1
	2

	Cross-carrier scheduling from PCell
	P_nCCE
	explicit resource
	S_nCCE

	Non cross-carrier scheduling
	P_nCCE
	explicit resources


Table 3. Resource allocation for M=4 ACK/NACK bits.
	Antenna port
	Antenna port 0

	Channel
	0
	1
	2
	3

	Cross-carrier scheduling from PCell
	P_nCCE
	explicit resource
	S_nCCE
	explicit resource

	Non cross-carrier scheduling
	P_nCCE
	explicit resources
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