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1. Introduction
This contribution deals with details related to PUCCH resource allocation in the case of dynamically scheduled PDSCH and carrier aggregation. During RAN1 #61bis meeting, it is agreed that [1]:

· Agreement (for both FDD and TDD): 

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM 

Based on these agreements, Rel-10 will support above two A/N transmission schemes according to payload size of A/N. Until now, there have been many proposals and discussions on PUCCH A/N resource allocation based on several A/N transmission schemes in LTE-A [2]-[5][8]. As decided in the previous meeting, we should consider specific resource allocation method for the PUCCH transmission schemes (PUCCH format 1b with channel selection, DFT-S-OFDM). Thus, in this contribution, we suggest the general approaches in the aspect of assigning PUCCH A/N resource for channel selection and DFT-S-OFDM scheme. 
2. Discussion
In Rel-8, implicit resource allocation method is used for dynamic A/N assignment which depends on the first CCE index of PDCCH in the corresponding DL subframe(s). When implicit resource allocation method is directly applied to LTE-A with CA, several problems may be generated for general carrier aggregation scenarios. However, if only DL PCC is used to send the PDCCHs with CIF, implicit resource allocation could be used. Therefore, in order to maximize the reuse of the Rel-8 A/N PUCCH resources in the aspect of PUCCH resource utilization, implicit resource assignment adopted in Rel-8 should be adopted at least when only the all PDCCHs are transmitted in the DL PCC.
Proposal 1: A/N resources corresponding to DL CCs scheduled via the PDCCH on the primary CC are reserved implicitly
In order to support other carrier aggregation scenario, an additional scheme based on implicit, explicit or hybrid methods is required. Thus, we will discuss about resource allocation method for each transmission scheme in the general carrier aggregation scenario where the PDCCHs are transmitted on the DL SCCs. 

2.1 Resource Allocation for PUCCH Format 1a/1b with channel selection:
In the RAN1 #61bis meeting, UL PUCCH A/N transmission schemes for Rel-10 with CA are evaluated. The channel selection scheme in LTE-A is selected for small A/N payload size mostly because channel selection scheme is generally considered to perform best (although the performance difference is generally small) for small payload size (up to 4 A/N bits). Therefore, allocating the A/N resource with channel selection scheme, the Rel-8 implicit allocation method may still apply in general carrier aggregation scenario including PDSCHs reception on DL SCCs. Also, similar to channel selection scheme for Rel-8 TDD, the spatial bundling across codewords per each DL CC can be considered for implicit resource allocation in Rel-10 with CA. As mentioned [3], there are some examples about implicit allocation methods for CA. Assuming 20 MHz transmission bandwidth and 18 HARQ A/N resources per one RB, there are 87 CCEs for 3 OFDM symbol control region and 5 PRBs in PUCCH region, respectively. 
Table 1: PDCCH Resources for a 20MHz Bandwidth and 3 OFDM Symbol Control Region Configurations
	Bandwidth
	20MHz (100RBs)

	Number of REGs for control signalling
(3 OFDM symbols)
	800 for 2Tx

700 for 4Tx

	Resource occupied by PCFICH
	4 REGs

	Resource occupied by PHICH
	6~36 REGs

	Available resource for PDCCH
	2Tx: max. 87 CCEs
4Tx: max. 76 CCEs

	Available resource for DL grant
	2Tx: max. 46 CCEs
4Tx: max. 40 CCEs


Table 2: CCE Aggregation Level Distribution [7]
	CCE aggregation level
	1
	2
	4
	8

	Probability
	0.60
	0.20
	0.15
	0.05


And also, considering the 16 CCEs allocated as common search space and 1/3 of remaining CCEs for power control signaling and UL grant [6], there are maximum about 46 CCEs for DL resource allocation with 2 Tx antenna configuration. In this case, by applying CCE aggregation level distribution as shown Table 2, about 32 UEs could be scheduled in one subframe. For example, it is assumed that PUCCH format 1a/1b with channel selection is expected to be used for UEs with small number of DL carrier (2 or 3 DL CCs) in LTE-A, and at maximum, about half of 32 UEs(rather large) would be scheduled on 3 DL CCs and other UEs have a single PDCCH in the DL PCC the same as Rel-8 DL allocation. In this case, if channel selection scheme with implicit allocation is applied to HARQ A/N transmission in LTE-A with 3DL CCs, total number of A/N resources reserved for all UEs will be about 64. Accordingly, 5 PRBs with 90 A/N resources is sufficient in this carrier aggregation scenario with 3 DL CCs for channel selection scheme.
When the implicit resource allocation with channel selection is considered, resource indication rule of implicit resource allocation can be based on different numbering rule for cross-DL-CCs as example of resource indication rule. The fig 1 shows this principle. It is assumed that two DL CCs form the UE DL CC set. By using different numbering, resource allocation related to DL SCCs can follow the implicit resource allocation principle used in Rel-8 and resource collision can also be avoided by this numbering rule based on following equation. 
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is the smallest CCE number corresponding to each PDCCH on all DL CCs based on continuously numbering rule across DL CCs as shown in Fig. 1. Other implicit scheme is also possible [3][8].

Alternatively, the explicit and hybrid approach can be considered for resource allocation scheme of channel selection to reduce PUCCH overhead and avoid resource collision. The explicit approach would be an efficient scheme to prevent resource collision for A/N transmission on UL PCC. However, the explicit approach may result in high overhead when the number of UEs configured over multiple CCs is large. Regardless of the number of scheduled UEs in one subframe, the A/N resources should be reserved according to the number of UEs with multiple DL CCs. When the majority of UEs consider using channel selection as the main mode for A/N transmission, further analysis would be necessary for channel selection scheme with explicit resource allocation. Also, in hybrid approach, DL PCC and a few DL SCC(s) may be based on implicit allocation the same as Rel-8, while other DL SCC(s) can be operated by explicit scheme such as RRC signaling, MAC/PHY dynamic signaling and so on. With this approach, it would be possible to maintain proper PUCCH overhead, and eNB can avoid potential resource collision.
Proposal 2: Implicit/hybrid resource allocation is preferred for PUCCH format 1a/1b with channel selection.
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Figure 1 – CCE numbering rule for implicit resource allocation in DL CCs with 20MHz BW
2-2 Resource Allocation for DFT-S-OFDM:
We think that it makes sense to configure explicit resource allocation for large A/N payload size since the system should not be optimized for a large number of UEs being simultaneously scheduled on multiple DL CCs as agreed in RAN1 #58bis meeting. And it will be very efficient in the case with small number of UEs configured on large number of DL CCs. Thus, explicit resource allocation is preferred for the large number of A/N payload supporting large number of DL CCs. The detailed method for explicit resource allocation needs more discussion.
Proposal 3: Explicit resource allocation is suggested to be considered for DFT-S-OFDM to support large A/N payload on multiple DL CCs.
3. Conclusion
In this contribution, we discuss ACK/NACK resource allocation schemes based on channel selection and DFT-S-OFDM transmission format with carrier aggregation. Our proposals are as following:
Proposal 1: Channel selection based A/N resources corresponding to DL CCs scheduled via the PDCCH on the primary CC are reserved implicitly
Proposal 2: Implicit/hybrid resource allocation is preferred for PUCCH format 1a/1b with channel selection.
Proposal 3: Explicit resource allocation is suggested to be considered for DFT-S-OFDM to support large A/N payload on multiple DL CCs.
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