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1
Introduction
Each UL ACK is uniquely specified by the following:
· RB index

· Sequence index

· Cyclic shift index

· Time domain orthogonal cover index

Due to the usage of sequence/cyclic-shift/orthogonal-cover hopping at slot boundaries, the respective indices are associated with the first hop, while the indices for the second hop are uniquely specified by first hop.

The following assumptions have been made so far:
· Dynamic scheduling

· Implicit mapping between associated DL PDCCH “index” and UL ACK index
· Persistent scheduling

· Implicit mapping between associated DL PDSCH
2
Uplink ACK
2.1
Multiple Access – ACK

Consider a CAZAC sequence of length N and sequence index parameter λ denoted by
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. We define a cyclically shifted sequence as follows:
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Assuming cyclic shift hopping per symbol and orthogonal cover hopping per slot, the input signal to IFFT from each UE can be written as:
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Therefore, for each LFDM symbol index, user i modulates a different cyclic shift of the base ZC sequence or a different time domain orthogonal cover. Such a ZC sequence hopping approach ensures that adjacent cell interference is randomized on the control channels.
2.2
Mapping of UL ACK

There are several ways of mapping the UL ACK ID to DL allocation.

2.2.1
Implicit Mapping from DL PDCCH ID ( Dynamic PDSCH
In this structure, there is an implicit one-to-one mapping from DL VRB index to UL ACK location in frequency and time varying cyclic shift.

Let there be m ACK channels defined per UL RB. 
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Then, we define:
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While the symbol level cell specific hopping is to provide the inter-cell interference randomization, the slot level based cyclic shift and orthogonal cover hopping provide additional intra-cell interference randomization.

2.2.2
Explicit Mapping from L3 ( Persistent PDSCH
In this structure, there is an explicit ACK ID signaled to the UE along with its persistent PDSCH assignment.

2.2.3
Implicit Mapping from DL PDCCH ID and Time Index ( TDD
In asymmetric TDD scenarios with multiple DL subframes being acknowledged in a single UL subframe, the one-to-one mapping outlined in section 2.2.1 is no longer valid.

Therefore, we propose to add the time (subframe) index to the implicit mapping function in asymmetric TDD scenarios. Each PDCCH index is associated with the lowest CCE index used to construct the PDCCH and the subframe index within which it is transmitted.
3
Summary
Based on the structures outlined in section 2, we propose the following:
· Semi-static partitioning of UL ACK resources
· Resource A
· Intended for

· Unicast PDCCH allocated === Dynamic Scheduling

· UL ACK ID is an implicit function of DL PDCCH ID as outlined in section 2.2.1

· PDCCH ID is a function of

· Lowest CCE index used to construct PDCCH (FDD and TDD)

· Subframe index within radio frame (TDD)

· Resource B
· Intended for

· No PDCCH allocated == Persistent Scheduling

· UL ACK ID explicitly signaled in L3 assignment as outlined in section 2.2.2
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