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1
Summary
In this document, we propose the following:
· Implicit mapping between DL VRB allocation and UL ACK ID as baseline working assumption
· Multiple access among different ACKs

· Hybrid FDM-CDM structure for UE multiplexing

· Each UE is assigned a set of cyclically shifted ZC sequence

· The used ZC sequence by each UE varies in time within the TTI

· Equivalent to ZC sequence hopping

· ZC sequences are modulated by ACK modulation symbols

2
Uplink ACK
2.1
Multiple Access – ACK

Consider a ZC sequence of natural length N and base sequence parameter λ as shown below:
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We define a cyclically shifted sequence as follows:
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The input signal to IFFT from each UE is:
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Therefore, for each LFDM symbol index, user i modulates a different cyclic shift of the base ZC sequence. 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 VRB

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 cyclic shifts of ZC sequences defined per UL RB. 
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Then, we define:
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If a UE has been allocated more than 1 VRB, it uses the ACK ID that corresponds to the 1st VRB index. This scales the ACK overhead appropriately, if the minimum allocation in the system is more than 1 VRB.
Therefore, a generalized structure is:
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The minimum allocation is signaled by the network and is applicable for all UEs. The network can control the UL ACK overhead by increasing or decreasing the minimum allocation.
2.2.2
Implicit Mapping from DL PDCCH
In this structure, there is an implicit one-to-one mapping from DL PDCCH index to UL ACK location in frequency and time varying cyclic shift.

This structure tries to minimize the UL ACK overhead, but increases the DL PDCCH overhead since theoretically every packet would need to be scheduled. 

Further, there are some severe drawbacks when one considers the scheduling modes being proposed for real-time services:
· Persistent scheduling

· With persistent scheduling or scheduling without PDCCH, the UL ACK location is undefined
· Grouped PDCCH
· If the DL PDCCH is intended to a group of UEs, the UL ACK is no longer orthogonal
2.2.3
Implicit Mapping from DL VRB and DL PDCCH

This is a hybrid mode of implicit mapping operation:

· Semi-static partitioning of UL ACK resources

· Resource A

· Intended for

· No PDCCH allocated == Persistent Scheduling

· Grouped PDCCH

· UL ACK ID is an implicit function of DL VRB ID

· Same structure as outlined in section 2.2.1

· Resource B

· Intended for

· Unicast PDCCH allocated === Dynamic Scheduling

· UL ACK ID is an implicit function of DL PDCCH ID

· Same structure as outlined in section 2.2.2
Due to a semi-static partitioning of resources, this approach doesn’t completely resolve the issues, especially in a mixed service scenario.
2.2.4
Explicit Mapping from DL PDSCH

In this structure, the UL ACK location is transmitted in-band with DL PDSCH. 

The UL ACK ID requires 3-bits to 7-bits, depending on the system bandwidth. Therefore, the signaling overhead is very small.
Such a structure implies that OOK signaling should be used on UL ACK.

· ACK is mapped to +1

· NAK is mapped to 0

This structure has complete flexibility. However, it does not allow the eNB to distinguish between PDCCH errors and PDSCH errors. In this sense, it is more suited for PDCCH-less operation or persistent scheduling.
2.2.5
Explicit and Implicit Mapping from DL PDSCH and PDCCH

This is a hybrid mode of explicit + implicit operation:

· Dynamic partitioning of UL ACK resources

· Resource A

· Intended for

· No PDCCH allocated == Persistent Scheduling

· Grouped PDCCH

· UL ACK ID is explicitly signaled in DL PDSCH

· Same structure as outlined in section 2.2.4

· Resource B

· Intended for

· Unicast PDCCH allocated === Dynamic Scheduling

· UL ACK ID is an implicit function of DL PDCCH ID

· Same structure as outlined in section 2.2.2
3
Discussion

Based on the structures outlined in section 2, we observe the following:
· Implicit mapping from DL VRB is the simplest structure

· ACK overhead reduction is achieved by signaling minimum allocation appropriately

· Hybrid explicit + implicit operation is the most flexible

· Allows for dynamic reuse of ACK resources
We propose to adopt the DL VRB based implicit mapping as a baseline working assumption. 
The UL throughput difference (reuse of UL ACK resources) between DL VRB based implicit mapping and with hybrid explicit + implicit operation in mixed service scenarios needs to be investigated before making a final decision.
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