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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 LTE-A system using carrier aggregation (CA), a single UE-specific UL carrier is configured semi-statically for carrying PUCCH ACKs/NACKs. Therefore, HARQ feedback design needs to accommodate the mapping of the HARQ feedback for all DL carriers on one specific (anchor) UL carrier. 
The UL HARQ feedback for the case of asymmetric configuration is considered in this document and suitable approaches based on the Rel-8 UL HARQ feedback are presented. 
2 UL HARQ Feedback for multiple DL CCs
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. 
In this document, we present two different ways of transmitting multiple ACK/NACKs on the UL, depending on whether or not we choose to enforce a strict SC-FDMA constraint. 
2.1
Multiple UL HARQ Feedback with SC-FDMA UL
In this section, we describe an UL ACK/NACK 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 the 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/NACK transmission. For example, if one UE is using a given cyclic shift without any orthogonal spreading (for multiple ACK/NACKs), 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 transmission of multiple ACK/NACKs and their corresponding 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/NACK 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.
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Figure 5:
An example of multicarrier UL HARQ feedback mapping for relaxed SC-FDMA UL
Note that although this relaxed SC-FDMA operation is appealing from the specification simplicity point of view and because it does not pose any scheduler restrictions at the eNB, it may not be usable all the time because of power limitations at the UE. 

Therefore, SC-FDMA based solutions are required while the motivation for having non-SC-FDMA based solution is subject to a feasibility study (impact on spectral emission mask and spurious emissions) from transmitting multiple PUCCHs. 

2.3
Details on Operation with SC-FDMA
In some cases, reduction/removal of orthogonal cover (OC) is not sufficient to convey the complete HARQ feedback. As shown in Table 1, the reduction to OC length 2 is sufficient to convey complete HARQ feedback for 2 CCs with MIMO operation without any bundling. For the case of 3 MIMO CCs, one CC would have the full HARQ feedback and for the other two CCs, spatial bundling could be performed.

If both OC lengths 1 and 2 are supported, the cases of 3 and 4 MIMO CCs can be supported with the full HARQ feedback for normal CP resorting to OC length 1. For the case of 5 CCs, three CCs would have the full HARQ feedback and for the other two CCs the spatial bundling could be performed. 
Relying on OC length 2 only would result in additional bundling as compared to supporting OC length 1 as well. For the cases of 4 and 5 CCs, the spatial bundling would be performed on all CCs. In addition, two out of five CCs would be bundled.
It can be seen that both approaches can provide the good HARQ support for carrier aggregation, and are basic extension of Rel-8 scheme. Support of both OC length 1 and OC length 2 minimizes the bundling, while the support of OC length 2 (alone) involves bundling across CCs only in the extreme case of 5 MIMO CCs.
Table 1 Comparison of Supporting Both OC Length 1s and 2 and Supporting OC Length 2 Only
	OC Length
	Max # Bits
	Support both OC lengths 1 and 2
	Support OC length 2

	4 or 3
	2
	1 CC w/ MIMO

Or 2 CCs w/ SIMO
	Same as left

	2
	4
	2 CCs w/ MIMO

3 CCs: 1 CC w/ MIMO and 2 CCs w/ spatial bundling + MIMO

Or any combination in between
	2 CCs w/ MIMO

3 CCs: 1 CC w/ MIMO and 2 CCs w/ spatial bundling + MIMO (same as left)

4 CCs w/ MIMO + spatial bundling

5 CCs w/ MIMO + spatial bundling + 2 CC bundling

Or any combination in between

	1


	8
(normal CP)
	4 CCs w/ MIMO

5 CCs w/ MIMO, 3 w/o spatial bundling and 2 w/ bundling

Or any combination in between
	N/A

	
	6
(extended CP)
	4 CCs w/ MIMO + 2 w/o spatial bundling and 2 w/ bundling

5 CCs w/ MIMO + 1 w/o spatial bundling and 4 w/ bundling

Or any combination in between
	N/A


Another possibility to convey more ACK/NACK bits on the UL is the use of “channel selection”. Note that albeit being used in Rel-8 TDD, channel selection applicability in Rel-8 is very limited and we would like to keep this limited applicability in Rel-10 due to eNB complexity and performance concerns arguments.

Instead, we prefer to resort to reducing the OC length and to spatial bundling before using the channel selection in FDD. We can, then, easily extend these solutions to the TDD case where even more ACK/NACK bits will need to be conveyed on the UL by the use of channel selection as done in Rel-8. 

3
Summary 
In this document we presented possible mechanisms to convey multiple ACK/NACKs on the UL corresponding to multiple DL CCs.

Based on the discussions in the previous section, we propose the following:

· Resource mapping for UL HARQ feedback

· SC-FDMA UL based scheme: Relies on the modifications of the Rel-8 UL format 1b by removing/reducing the orthogonal cover. When needed, for case of 4/5 CCs, combine orthogonal cover reduction/removal with spatial bundling within a CC
· Relaxed SC-FDMA UL based scheme (subject to feasibility study): Each UL HARQ feedback resource is based on the first CCE of the DCI of the corresponding transmitted DL grant. Provides for simple application of Rel-8 HARQ feedback rules, but may have larger transmit power back off requirements
· Common CCE numbering scheme across all DL carriers that need to be acknowledged
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