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1 Introduction
In RAN1 session #62, the following items are agreed for the resource allocation of PUCCH format 1b with channel selection in carrier aggregation.
· PDSCH transmission on the Pcell:
· Implicit A/N resource allocation for dynamic scheduling*
· Same as Rel-8 for SPS*
*: Working Assumptions to be confirmed after mapping table design discussion
· PDSCH transmission on Scells:
· For non cross-carrier scheduling or for cross-carrier scheduling from Scell
· Explicit A/N resource allocation configured by RRC
· PDCCH corresponding to PDSCH on Scell shall indicate a resource (“A/N Resource Indicator”, ARI) derived from the RRC configured resource(s)
· For cross-carrier scheduling from Pcell, implicit A/N resource allocation (Working Assumption)
· FFS in case of insufficient A/N resources
· FFS in case of interference-limited case
From the agreements, the resource allocation method for A/N feedback to PDSCH transmission on Scells is not fully decided.  For the case of cross-carrier scheduling from Pcell, it remains FFS.  This paper discusses the pros and cons of different candidate methods and provides our views on this issue.
2 Discussion on Resource Allocation for Channel Selection
According to [1], there are currently three alternatives to allocate physical resources for channel selection.
Alternative A1: Implicit resource allocation, where all dynamic A/N physical resources for channel selection are determined by the corresponding PDCCH CCEs.
Alternative A2: Explicit resource allocation, where all dynamic A/N physical resources for channel selection are determined by RRC signaling.
Alternative A3: Hybrid resource allocation, where one part of dynamic A/N physical resources for channel selection are determined by the corresponding PDCCH CCEs and the other part of dynamic A/N physical resources are determined by RRC signaling.
In carrier aggregation, there are three possible schemes to schedule PDSCH transmissions on multiple component carriers.
Scheme 1: Non cross-carrier scheduling, where all PDSCH transmissions on Pcell and Scells are scheduled by the PDCCHs on the corresponding cells.
Scheme 2: Cross-carrier scheduling from Scell, where PDSCH transmission on Pcell is scheduled by the PDCCH on Pcell and PDSCH transmissions on Scells are scheduled by the PDCCHs on a Scell.
Scheme 3: Cross-carrier scheduling from Pcell, where all PDSCH transmissions on Pcell and Scells are scheduled by the PDCCHs on the Pcell.
Based on the WF [2] in Session #62, for the Scheme 1 and the Scheme 2, Alternative A3 is agreed.  However, for the Scheme 3, it was not agreed yet whether all A/N physical resources for channel selection are determined by implicit resource allocation or not.  In Scheme 3, SIB2 link from downlink Pcell to uplink Pcell is available and PDCCH CCEs for PDSCH transmissions on both Pcell and Scells are different so there is no problem to apply Rel-8 method to determine A/N physical resources based on the PDCCH CCEs on Pcell.  But in some cases, Rel-8 method can not be fully applied.
According to the agreements in Session #61bis, channel selection is not limited to any number of configured component carriers but only limited to the maximal number of supported A/N bits.  Six scenarios can be considered for channel selection in carrier aggregation when A/N bits are fully multiplexed.
Scenario 1: (1+1), where single-layer PDSCH transmissions on two cells are scheduled (2 A/N bits required)
Scenario 2: (1+1+1), where single-layer PDSCH transmissions on three cells are scheduled (3 A/N bits required)
Scenario 3: (1+2), where single-layer PDSCH transmission on one cell and dual-layer PDSCH transmission on the other are scheduled (3 A/N bits required)
Scenario 4: (1+1+1+1), where single-layer PDSCH transmissions on four cells are scheduled (4 A/N bits required)
Scenario 5: (1+1+2), where single-layer PDSCH transmissions on two cells and dual-layer PDSCH transmission on the other are scheduled (4 A/N bits required)
Scenario 6: (2+2), where dual-layer PDSCH transmissions on two cells are scheduled (4 A/N bits required)
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Figure 1 Example Illustration of Alternative B1

From above, it is noticed that not all scenarios can provide enough number of PDCCH CCEs to determine A/N physical resources by Rel-8 method. For example, in Scenario 3, Scenario 5 and Scenario 6, the number of available PDCCH CCEs is less than the required number of A/N physical resources.  In other words, modifications to Rel-8 method are needed at least for these scenarios.  Two alternative methods can be considered for the insufficient physical resources.
Alternative B1: Implicit resource allocation, where the insufficient A/N physical resources are determined by the available PDCCH CCEs.  An example is illustrated in Figure 1.
Alternative B2: Explicit resource allocation, where the insufficient A/N physical resources are determined by RRC signaling.  An example is illustrated in Figure 2.
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Figure 2 Figure 1 Example Illustration of Alternative B2

From the simplicity perspective, Alternative B2 seems to provide more consistent design in Scheme 3, compared to the other two schemes, so that there is no need for an UE to switch the resource allocation method just because carrier aggregation scheduling scheme changes.  However, if we look into it further, Alternative B2 actually puts more scheduling restriction to eNodeB.  For example, if eNodeB is allowed to switch among carrier aggregation schemes across subframes, eNodeB can control A/N overhead more efficiently by switching carrier aggregation schemes to enable dynamic resource allocation method if Alternative B1 is adopted for cross-carrier scheduling from Pcell.  This is because the overhead of explicit A/N resources can only be semi-dynamically adjusted. Therefore, the more UEs in one subframe require explicit A/N resources; the more overhead it introduces over a long period even if part of UEs have no PDSCH transmissions in the corresponding subframes.  However, if Alternative B1 is adopted, it allows eNodeB to schedule some UEs by cross-carrier scheduling from Pcell so as to reduce the overhead of explicit A/N resources and thus more A/N resources can be controlled dynamically, instead of semi-dynamically.  Consequently, compared to Alternative B2, Alternative B1 is slightly preferred from the overhead control perspective.
Proposal #1: For cross-carrier scheduling from Pcell, A/N physical resources for PDSCH transmissions on both Pcell and Scells are determined by implicit method.
Proposal #2: The insufficient A/N physical resources are determined by the available PDCCH CCEs in a predefined rule.
3 Conclusion
This paper discusses the pros and cons of different candidate A/N resource allocation methods for the scheme of cross-carrier scheduling from Pcell and provides our views on whether implicit method or hybrid method should be adopted.  From the simplicity perspective, hybrid method has better design consistency among different carrier aggregation schemes.  However, implicit method can provide eNodeB an option to dynamically control A/N overhead.  In our views, implicit method is slightly preferred for the scheme of cross-carrier scheduling from Pcell.  The followings are our proposals.
Proposal #1: For cross-carrier scheduling from Pcell, A/N physical resources for PDSCH transmissions on both Pcell and Scells are determined by implicit method.
Proposal #2: The insufficient A/N physical resources are determined by the available PDCCH CCEs in a predefined rule.
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