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1 Introduction

Carrier aggregation, where two or more component carriers (CC) are aggregated is considered for LTE-A in order to support downlink transmission bandwidth larger than 20 MHz [1]. From a UE perspective, there is one transport block  (in absence of spatial multiplexing) and one HARQ entity per scheduled component carrier. A UE may be scheduled over multiple component carriers and each transport block is mapped within a single component carrier. To acknowledge the received DL CC transport blocks different UL transmission schemes are being considered in LTE-A [2]-[5].

In this document we discuss the UL ACK/NACK transmission on PUCCH in the absence of PUSCH focussing on the transmission methods and the mapping onto UL component carriers.

2 UL ACK/NACK transmission methods

The UL ACK/NACK transmission methods should be designed to support both symmetric and asymmetric carrier aggregation. The baseline assumption for DL CC assignment is one transport block (in the absence of spatial multiplexing) and HARQ entity per scheduled component carrier. Thus in case of a multiple component carrier assignment, the UE may have multiple HARQ processes in parallel. This would mean that multiple ACK/NACKs corresponding to the DL CC transport blocks should be transmitted in the uplink. This is unlike the case in LTE Rel’8 where a single ACK/NACK report is transmitted in uplink. We discuss the UL ACK/NACK transmission methods in the following section based on the two classifications,

· Single ACK/NACK for multiple DL CC transport blocks (Bundling)

· One ACK/NACK for each DL CC transport block (Non-bundling)

2.1 Single ACK/NACK for multiple DL CC transport blocks

In case of bundling, a single ACK/NACK is transmitted for multiple DL CC transport blocks by one UE. This is similar to the LTE Rel’8 TDD ACK/NACK bundling scheme. From an UL ACK/NACK control signalling point of view, the component carriers can be considered as LTE TDD subframes. LTE TDD bundling principles are applicable for both symmetric and asymmetric carrier aggregation and could be reused for LTE-A carrier aggregation. In this method the UE shall generate one or two bits ACK/NACK information by performing logical AND operation per codeword across multiple CCs. 

The UE requires additional bits similar to DAI on PDCCH to detect the missed assignments in order to avoid transmission of erroneous ACK/NACK report.  The PUCCH resources for the ACK/NACK transmission are reserved corresponding to each DL CC. This results in reservation of multiple ACK/NACK resources and requires the eNB to blindly detect the actual resource used by UE for ACK/NACK transmission. 

Since in this method the UE always transmits a single ACK/NACK, it results in lower CM for UE transmission and good coverage compared to one UL ACK/NACK for each DL CC transport block. However, a NACK or DTX even on a single DL transport block would result in bundled NACK being transmitted. This is not beneficial from the PDSCH HARQ performance point of view since this causes unnecessary retransmissions of correctly decoded transport blocks, which reduces the PDSCH HARQ efficiency. The simulation results in [6] show that HARQ process and ACK/NACK bundling with two TBs(CCs) causes 2~3% loss in cell-throughput performance compared to non-bundling. Bundling with more TBs could further reduce the performance. However with bundling, the UL overhead can be reduced and the UL coverage improves. Hence there is a trade-off between cell throughput and UL overhead/coverage. We believe that the bundling ACK/NACK method is suitable for UEs with power limitations as in LTE. 

2.2 One ACK/NACK for each DL CC transport block

In the non-bundling ACK/NACK transmission method, the ACK/NACKs are transmitted corresponding to each DL CC transport block. Since for each DL CC transport block an UL ACK/NACK is transmitted, it is efficient from the PDSCH HARQ performance point of view. However, certain ACK/NACK transmission scheme might not be beneficial in terms of the CM property for UE since the UE is required to transmit multiple ACK/NACKs depending on the number of DL CC transport blocks. We believe that non-bundling ACK/NACK transmission method is suitable for UEs with no power limitation. Further one ACK/NACK for each DL CC transport block provides an efficient PDSCH HARQ operation. In this method, we identified different possible transmission schemes as discussed below: 

UL ACK/NACK with channel selection

This is similar to the LTE Rel’8 TDD multiplexing solution. In case of non-spatial multiplexing, UE transmits 2 ACK/NACK information bits on the corresponding UL ACK/NACK resource. The 2 ACK/NACK information bits and the ACK/NACK channel for transmission is selected depending on the individual states of ACK/NACK corresponding to all DL CC transport blocks. In case of spatial multiplexing, bundling across multiple codewords within a DL CC is performed by a logical AND operation and the ACK/NACK transmission is similar to the case of non-spatial multiplexing. 

Similar to the bundled ACK/NACK transmission method, the UE transmits only a single ACK/NACK report, which results in smaller CM for UE transmission. As mentioned the UE always transmits a 2 bit ACK/NACK report which allows transmission only via QPSK modulation. In case of non-spatial multiplexing there could be a coverage loss compared to bundling ACK/NACK transmission method. Further, it requires multiple PUCCH resources for channel selection and the number of required ACK/NACK channels increases with the number of CCs aggregated. The eNB is required to blindly detect the actual resource used by UE for ACK/NACK transmission. Compared to the ACK/NACK bundling method, this scheme is efficient from the PDSCH HARQ performance point of view since the individual ACK/NACK value for each DL transport block is known to the eNB. However, this scheme requires bundling across codewords, which might not be efficient in case the ACK/NACK of the DL codewords within a CC are uncorrelated. Furthermore, a DTX detection is not possible since DTX is mapped to same state as NACK, which lowers the PDSCH HARQ performance efficiency compared to other non-bundling transmission schemes. To improve the DTX detection and coverage additional modifications might be required compared to the Rel’8 TDD multiplexing scheme

Multi-code resources

Multiple resources corresponding to each DL CC transport blocks is reserved for each UE. The UE transmits multiple ACK/NACKs using each reserved code resource. 

As each DL CC transport block is individually ACK/NACK-ed by the UE and also DTX detection is possible in all cases, this scheme allows an efficient PDSCH HARQ performance. The transmission power is divided between the transmitted UL ACK/NACKs, which requires a higher UE transmission power depending on the number of transmitted UL ACK/NACKs. However, we think this is acceptable for UE’s with no power limitation.

PUCCH with larger information size

In this case multiple ACK/NACKs corresponding to each DL CC transport block are jointly encoded into a codeword and transmitted on the UL. This could be similar to CQI transmission with PUCCH format 2 in LTE Rel’8.

Similar to bundling, the UE may be required to detect the missed DL CC transport blocks. In case if it is not possible to identify the correct linkage between the UL ACK/NACK and the DL CC transport block, the ACK/NACK report is likely to be erroneous. Due to the larger information size it is not beneficial from the UL ACK/NACK coverage point of view. It would be difficult to share the resource with other LTE Rel’8 ACK/NACKs. If the resources are shared with LTE Rel’8 CQI, the dynamic resource allocation would be difficult. Hence the resource allocation scheme would be significantly different from LTE Rel’8. 
3 UL CC ACK/NACK mapping

Depending on its capability the UE may be assigned to multiple CCs in uplink. In case of carrier aggregation in UL it is necessary to identify the UL CC for ACK/NACK transmission. We discuss the UL CC for ACK/NACK transmission based on,

· Multiple UL CC corresponding to DL CCs

· Single UL CC corresponding to all DL CCs

3.1 Multiple UL CC corresponding to DL CCs

The ACK/NACK resources are mapped onto each UL CC corresponding to the DL CC transport blocks. This can be supported in case of symmetric carrier aggregation and in case of asymmetric carrier aggregation with more UL CCs than DL CCs. and Rel’8 PUCCH design could be largely reused. We think that it is not straightforward in case of asymmetric carrier aggregation where DL CCs is more than UL CCs and requires modification to LTE Rel’8 PUCCH design. The UE is required to operate in a larger UL bandwidth in case of PUCCH-only transmission. 

3.2 Single UL CC corresponding to all DL CCs

The ACK/NACK resources for all DL CC transport blocks are confined within a single UL CC. This scheme can be supported both in cases of symmetric and asymmetric carrier aggregation. However Rel’8 LTE PUCCH design could not be largely reused. The UE is required to operate in smaller bandwidth compared to multiple UL CC transmission. Further it is required to select and signal the single UL CC. The selection of UL CC could be UE specific where there are PUCCH regions in multiple UL CC in a cell and UE is mapped to a PUCCH region confined to single UL CC. The selection could also be eNB specific where all UEs in the cell share same PUCCH region confined within single UL CC.

4 Summary

In this document we discussed the UL ACK/NACK transmission on PUCCH for carrier aggregation. We discussed different ACK/NACK transmission methods based on single ACK/NACK or multiple ACK/NACK transmission in UL. Further we also discussed on UL CC ACK/NACK mapping.
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