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1. Introduction

Carrier aggregation is one of the key features of LTE-A to support wider bandwidth than supported by LTE Rel-8 [1]. To support multiple aggregated DL carriers, ACK/NACK PUCCH should be reconsidered. There have been several contributions on ACK/NACK PUCCH design for LTE-A [2~10]. In this contribution, we discuss our view on PUCCH design regarding UL ACK/NACK transmission for LTE-A.

2. Basic approaches for ACK/NACK PUCCH – non-power limited case
Considering proposals from many companies so far, we categorize three approaches as basic ACK/NACK PUCCH design in case of UE non-power limited scenario.

(1) Multiple ACK/NACK PUCCH transmission

With this approach, UE transmits ACK/NACK PUCCH via UL CC (component carrier) which is linked to the DL CC carrying the corresponding PDSCH. That is, UE transmits multiple ACK/NACK PUCCHs when it receives PDSCHs through multiple DL CCs as illustrated in figure 1.
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Figure 1  Example of multiple ACK/NACK PUCCH transmission
(2) ACK/NACK PUCCH selection

With this approach, UE transmits only one ACK/NACK PUCCH to inform ACK/NACK/DTX for all the (semi-statically assigned) DL CCs. For this, selection of UL CC for PUCCH transmission among multiple UL CCs as well as modulation of the PUCCH carries ACK/NACK/DTX information as in ACK/NACK multiplexing scheme in LTE Rel-8 TDD. Figure 2 illustrates ACK/NACK PUCCH selection.
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Figure 2  Example of ACK/NACK PUCCH selection
(3) ACK/NACK PUCCH extension

Another approach to support ACK/NACK transmission for PDSCHs from multiple DL CCs is to extend the LTE Rel-8 ACK/NACK PUCCH to support multiple ACK/NACK bits. For example, ACK/NACK bits can be modulated to each PUCCH symbol or each PUCCH slot. In addition, it is also possible to transmit independent ACK/NACK bits through multiple UE transmit antennas. Another way would be to increase the PUCCH modulation order from QPSK.
3. Consideration points

To select one of the three approaches or combination of those approaches, we consider the following points.

(1) Supportable number of DL CCs
ACK/NACK PUCCH scheme for LTE-A may have to support, for example, 5 DL CCs in maximum, which leads to 5 ACK/NACK bits in non-MIMO case. In addition, if we should support ACK/NACK bits for each codeword in MIMO case, 10 ACK/NACK bits should be supported.

· Multiple ACK/NACK PUCCH transmission: It is straight forward that multiple ACK/NACK transmission can support ACK/NACK bits for two codewords for each DL CC by QPSK transmission.
· ACK/NACK PUCCH selection: If QPSK modulation is used, combination of one UL CC among 5 UL CCs and QPSK modulation can support 5x4=20 states which means 4 bits ACK/NACK in maximum. Therefore, current selection scheme as in LTE Rel-8 TDD cannot support either 5 DL CCs or individual ACK/NACK for 2 codewords. Some modification may be necessary.

· ACK/NACK PUCCH extension: The supportable number of DL CCs depends on the exact extension scheme.

(2) DTX handling

Since UE may miss a PDCCH which schedules PDSCH, DTX detection at eNB side for UL ACK/NACK should be supported, or otherwise, ACK/NACK bit corresponding to the PDSCH scheduled by the missing PDCCH should be mapped to NACK.

· Multiple ACK/NACK PUCCH transmission: DTX detection at eNB side is supported.
· ACK/NACK PUCCH selection: As in LTE Rel-8 TDD, DTX state may be bundled with NACK in the ACK/NACK/DTX bit mapping rule even though the mapping rule is complicated.
· ACK/NACK PUCCH extension: DTX handling should be developed according to the exact PUCCH extension scheme.
(3) UL CM

Even though non-power limited scenario, low UL CM will provide better coverage to operate UEs in a configuration corresponding to the non-power limited case. However, it should be also considered that normal UL CM level may already have increased due to the multiple PUSCH transmission.
· Multiple ACK/NACK PUCCH transmission: UL CM increases by around 2~4 dB as the number of ACK/NACK PUCCHs increases, compared with single PUCCH transmission [9]. Conjunction of multiple ACK/NACK PUCCH transmission with multiple antennas may be considered in order to compensate the increased CM.
· ACK/NACK PUCCH selection: UL CM doesn’t increase if single PUCCH is selected. UL CM increases by around 2 dB if, for example, 2 ACK/NACK PUCCHs are selected as suggested in [4][7].
· ACK/NACK PUCCH extension: For PUCCH extension by per-symbol or per-slot or per-antenna modulation, UL CM does not increase. For PUCCH extension by higher modulation, UL CM may increase depending on the modulation order (due to the variation between ACK/NACK symbols and RS symbol, or variation between subframes).
(4) Performance

· Multiple ACK/NACK PUCCH transmission: ACK/NACK performance follows BPSK performance per transmitted PUCCH.
· ACK/NACK PUCCH selection: Kind of coding gain may be achieved depending on the exact scheme. On the other hand, required energy may be larger than normal ACK/NACK modulation schemes to meet DTX/NACK to ACK requirement.
· ACK/NACK PUCCH extension: Performance depends on the exact scheme.
(5) Standardization efforts
· Multiple ACK/NACK PUCCH transmission: Minimum.
· ACK/NACK PUCCH selection: Modification from LTE Rel-8 is necessary
· ACK/NACK PUCCH extension: depends on the exact scheme.
4. Basic approach for ACK/NACK PUCCH – power limited case

Even for the power limited UEs, there is a possibility of receiving multiple PDSCHs through multiple DL CCs. In this case, multiple ACK/NACK bits transmission in UL will be difficult to satisfy ACK/NACK performance requirements. Therefore, ACK/NACK bundling as in LTE Rel-8 TDD can be considered. With ACK/NACK bundling, ACK/NACK bits for multiple DL CCs are bundled by a logical AND operation. ACK/NACK bundling can maximize the UL ACK/NACK coverage even though it degrades the DL throughput. ACK/NACK bundling may be performed for all DL CCs. However, it can be also considered adjusting range or level of bundling so that ACK/NACK bundling can be combined with other approaches presented in section 2.
5. Summary
In this paper, we introduced possible approaches for UL ACK/NACK transmission on PUCCH for LTE-A.
In case of non-power limit scenario, we summarize our analyses in table 1. Since this is very initial discussion on this issue, we think further evaluation is necessary to decide on the UL ACK/NACK transmission scheme in non-power limit scenario. In addition, a PUCCH configuration such as a combinational way of the described three approaches can be considered further.
In case of power limited scenario, we suggest (full or partial) ACK/NACK bundling is introduced due to its simplicity and efficient coverage extension..

Table 1. Summary of ACK/NACK PUCCH schemes in non-power limited scenario
	
	Multiple PUCCH
transmission
	PUCCH selection
	PUCCH extension

	Supportable number of DL
CCs
	Straight forward
	Inefficient to support many
number of DL CCs or
multiple codewards
	Depending on the
exact scheme

	DTX handling
	DTX detection is
supported
	DTX to NACK mapping 
can be designed
	DTX handling should 
be developed for 
exact scheme

	UL CM
	Around 2~4 dB 
Increase
	No increase (around 2 dB
increase in case of two 
PUCCHs selection)
	Increase in case of 
higher modulation 
order

	Performance
	BPSK performance
	FFS
	Depending on the 

exact scheme

	Standardization efforts
	Minimum
	Modification from LTE 

Rel-8 TDD 
	Depending on the 

exact scheme
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