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1
Introduction
In LTE Rel-8, the UL HARQ feedback corresponding to the DL PDSCH transmission is sent on the UL carrier paired with the DL carrier where the PDSCH transmission occurred. The Rel-8 HARQ feedback for DL transmission is mapped to the UL resources based on the first CCE of DCI sent on PDCCH. Specific (orthogonal cover, cyclic shift) pair is used.

In a multicarrier LTE-A system, in addition to the symmetric DL/UL configuration, the UL HARQ feedback design needs to accommodate possible asymmetric DL/UL configurations. The asymmetry may be due to the asymmetric carrier configuration or due to the support of cross-carrier operation. The UL HARQ feedback for the case of asymmetric DL/UL carrier configuration is considered in this document and a suitable approach that is based on the Rel-8 UL HARQ feedback is presented. 
2 Multicarrier UL HARQ Feedback
The Rel-8 HARQ feedback for DL transmission is mapped to the UL resources based on the first CCE of the DCI sent on PDCCH. The HARQ feedback is transmitted on the UL carrier which is paired with the DL carrier where the DCI is transmitted. The generalization of this approach applicable to the multicarrier LTE-A system is that the UL HARQ feedback is sent on UL carrier paired with the DL carrier where the DL grant was transmitted.
UL HARQ feedback in a multicarrier scenario can be, in general, classified as 

· One-to-one mapping – UL HARQ feedback for a single DL carrier is transmitted on a single UL carrier

· Many-to-one mapping – UL HARQ feedback for multiple DL carriers are transmitted on a single UL carrier
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Figure 1:
One-to-one HARQ feedback mapping with symmetric DL/UL carrier configuration and no cross-carrier control operation
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Figure 2: Many-to-one HARQ feedback mapping with asymmetric DL/UL carrier configuration
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Figure 3:
Many-to-one HARQ feedback mapping with symmetric DL/UL carrier configuration and cross-carrier control operation 
The one-to-one mapping occurs in a symmetric DL/UL carrier configuration without cross-carrier control operation. The Rel-8 UL HARQ feedback rules and procedures can be straight-forwardly applied.

The many-to-one mapping occurs in an asymmetric DL/UL configuration where the number of DL carriers is larger than the number of UL carriers, and/or if the cross-carrier control operation is employed (regardless of the DL/UL carrier configuration).  In the case of cross-carrier control operation, DL assignment for one DL carrier can come on another (anchor) carrier. This implies that UL HARQ feedback for multiple DLs would be mapped on the UL carrier paired with the (anchor) DL carrier where the DL assignments were transmitted, i.e. regardless of where the actual data (PDSCH) occurred. In order to facilitate this operation, we propose to adopt a common CCE numbering scheme across all the DL carriers which need to be acknowledged on a given UL carrier. 
In this document, we present two different ways of transmitting UL ACKs, depending on whether or not we choose to enforce a strict SC-FDMA constraint. 
2.1
MC UL HARQ Feedback Mapping with SC-FDMA UL
In this section, we describe an UL ACK transmission scheme which respects the single-carrier constraint. We do this through modifications of the Rel 8 format 1b. With this format, two bits of information can be conveyed with the combination of one cyclic shift of a pseudo-random sequence and orthogonal sequence spreading, as defined in Rel-8.

To accommodate more than two information bits, the orthogonal spreading can be either removed or reduced to length two (as opposed to length four in Rel-8). This enables us to carry up to 8 bits using a single cyclic shift. Thus, a single UE occupies the dimensions (cyclic shift/orthogonal codes) used by multiple UEs in Rel 8; however the waveform within those dimensions is modified so as to maintain the single-carrier property. The cyclic shift used may be based on the DL grant carrying the assignment for the lowest-indexed DL carrier.
In this method, it would be up to the scheduler to ensure that no two UEs use conflicting resources for UL ACK transmission. For example, if one UE is using a given cyclic shift without any orthogonal spreading (for a MC ACK), then the scheduler would have to ensure that no Rel 8 UE uses the same cyclic shift for sending an UL ACK (with any orthogonal code). The scheduler would have to accomplish this by restricting the set of CCEs that can be used as the first CCE of a scheduling grant. The impact of these scheduler restrictions on system performance is FFS.

An example of the multicarrier UL HARQ feedback mapping is shown in Figure 4.
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Figure 4:
An example of multicarrier UL HARQ feedback mapping for SC-FDMA UL

2.2
MC UL HARQ Feedback Mapping with Relaxed SC-FDMA
In this section, we present an UL ACK design which is a simple extension of the Rel 8 design but does not maintain a strict single-carrier property.

In case of one-to-one DL/UL carrier feedback mapping, the Rel-8 HARQ feedback rules can be applied.

In case of many-to-one DL/UL carrier feedback mapping, where multiple DL grants, one per carrier, are present, UL HARQ feedback resource can be based on the first CCE of the DCI of each transmitted DL grant. The SC-FDMA property in general is not preserved, but the benefits of this approach are simplicity and direct applicability of Rel-8 design. Also, this approach places much fewer restrictions on the scheduler as compared to the one in the previous section. For a power limited UE a fall-back mechanism in the form of ACK bundling (similar as in Rel-8 TDD) that utilizes SC-FDMA transmission can be defined.
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Figure 5:
An example of multicarrier UL HARQ feedback mapping for relaxed SC-FDMA UL
3
Summary 
In this document we presented the UL HARQ feedback design that accommodates both symmetric and asymmetric DL/UL carrier configurations and utilizes Rel-8 HARQ feedback structure. The asymmetry may be due to the asymmetric carrier configuration or due to the support of cross-carrier operation.
In summary:

· Carrier selection for UL HARQ feedback – UL HARQ feedback for a PDSCH transmission on a DL carrier is carried on the UL carrier paired with the DL carrier where the corresponding DL grant is transmitted

· Independent of the DL carrier where the actual PDSCH occurred

· DL grant based carrier selection/mapping

· The rule transparent to the carrier symmetry/asymmetry or cross-carrier operation

· Resource mapping for UL HARQ feedback

· In case of one-to-one DL/UL carrier feedback mapping: Rel-8 HARQ feedback rules are applied
· In case of many-to-one DL/UL carrier feedback mapping: 
· We considered SC-FDMA UL and relaxed SC-FDMA UL, and showed that Rel-8 rules and formats for UL HARQ feedback can be extended to both
· The multicarrier UL HARQ operation is simpler for the relaxed SC-FDMA UL, but may have larger transmit power requirements. Also, there is an additional scheduler restriction for the case of SC-FDMA UL since some CCEs can not be used as the first CCE of a DCI
· We need to continue studying which mapping scheme is more suitable for LTE-A operation
We propose the following:

· UL HARQ feedback for a PDSCH transmission on a DL carrier is carried on the UL carrier paired with the DL carrier where the corresponding DL grant is transmitted, independent of the DL carrier where the actual PDSCH occurred. It is the DL grant based carrier mapping.
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