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1. Introduction
In RAN1-57, the following agreement on PDCCH design for carrier aggregation in LTE-A was reached: 

· Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits
· In case of 0 bits, no carrier indicator
With carrier indicator (CI) bits, PDCCH in one component carrier can schedule PDSCH/PUSCH on other component carriers. On the other hand, without CI bits, PDCCH in one component carrier can only schedule PDSCH/PUSCH on the same component carrier. 

One related topic is the design of UL ACK/NACK in support of DL transmissions for carrier aggregated systems. An LTE-A UE may be scheduled on multiple component carriers simultaneously, with one transport block (in the absence of spatial multiplexing) on each scheduled component carrier. Consequently, multiple ACK/NACKs shall be fed back in UL. The most straightforward approach is to allow multi-channel transmissions, where each ACK/NACK is transmitted on its corresponding ACK/NACK channel. The Rel-8 ACK/NACK transmission scheme and the PDCCH CCE to ACK/NACK channel mapping can be largely reused in LTE-A.
Discussions on PUCCH designs for carrier aggregation in LTE-A can be found in [1] – [5]. In this contribution, we compare performance of two multi-channel transmission schemes. The first scheme allows transmission on at most one ACK/NACK channel per component carrier. The second scheme enables transmission on multiple ACK/NACK channels within one component carrier. Simulations show that multi-channel transmission in one component carrier can provide performance improvements by exploiting correlations among the multiple channels. Such benefit can be achieved with the introduction of CI bits in LTE-A DCI formats.
2. Multi-Channel Transmission Schemes for PUCCH
· Scheme 1: Distributed multi-channel transmission 
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Figure 1: Scheme 1 of multi-channel PUCCH transmission
Figure 1 illustrates distributed multi-channel transmission, where at most one ACK/NACK channel can be used in an UL component carrier. In case the DL/UL component carriers can be 1-to-1 paired up, this scheme matches with the PDCCH design without CI bits (i.e. PDCCH on one component carrier is only for PDSCH/PUSCH on the same component carrier), and Rel-8 PUCCH design can be reused. On the other hand, Scheme 1 may not be applicable for asymmetric carrier aggregations. Further, it requires a UE activating multiple UL component carriers, even if the UE only has a few ACK/NACK bits for transmission.
· Scheme 2: Localized multi-channel transmission 
Scheme 2 allows transmission on multiple ACK/NACK channels in one UL component carrier. Figure 2 shows an example, where PDCCH in one DL component schedules PDSCH on multiple DL component carriers. Assuming the DL/UL component carriers can be 1-to-1 paired up and each UL component carrier only reserves PUCCH resource for the corresponding DL component carrier, the multiple ACK/NACK channels shall be derived within one UL component carrier. Simulations in the next section show Scheme 2 provides better BER performance and lower CM than Scheme 1. Note that Scheme 2 is enabled with CI bits in LTE-A DCI formats.
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Figure 2: Scheme 2 of multi-channel PUCCH transmission
It is possible to allow multi-channel transmission in one UL component carrier and achieve the performance improvements, even without CI bits in LTE-A DCI format. Figure 3 shows an example, where a UE transmits on multiple ACK/NACK channels in one UL component carrier, although PDCCHs are transmitted on multiple DL component carriers. The drawback of the example in Figure 3 is that each UL component carrier shall reserve PUCCH resource for multiple DL component carriers, which unnecessarily increases the overhead. In addition, UE needs to be informed on which UL component carrier to transmit the ACK/NACKs. 
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Figure 3: Scheme 2 of multi-channel PUCCH transmission
3. Simulation Results

In this section, we study the BER performance and CM for Scheme 1 and Scheme 2 as discussed in section 2. For scheme 2, if the multiple ACK/NACK channels are within the same PRB, a common channel shall be observed on the multiple channels. Therefore, improved channel estimates, e.g. by simple averaging over the multiple channels, can provide better detection reliability, compared to Scheme 1 where multiple ACK/NACK channels are transmitted on different component carriers with different channel conditions. Further, Scheme 2 allows UE transmitting on a smaller bandwidth than Scheme 1, which results in significant CM reduction. 
Table 1 lists the simulation assumptions and Figure 4 shows the BER performance. It is observed that when multiple ACK/NACKs are transmitted in the same PRB, its BER performance improves by 2 – 3 dB, depending on the number of ACK/NACK channels. Note that in this simulation, the transmit power per ACK/NACK channel is constant, irrespective of the number of ACK/NACK channels. 

Table 1: Simulation assumptions
	Parameters
	Value

	Bandwidth
	4 CCs, 5MHz per CC

	PUCCH format
	PUCCH format 1b

	Channel model
	ETU

	UE speed (km/h)
	3km/h

	Number of antennas
	1 Tx, 2 Rx
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Figure 5: BER simulation results

Table 2 shows the CM comparison of Scheme 1 and Scheme 2. The CM is collected from randomly selected root sequences and cyclic shifts. It is observed that localized multi-channel transmission of Scheme 2 reduces CM considerably, compared to the distributed scheme 1.
Table 2: Cubic Metric (dB) 
	Number of PUCCHs
	Scheme 1
	Scheme 2

	
	1
	2
	3
	4
	1
	2
	3
	4

	Min
	0.2307
	2.4096
	3.0290
	3.8545
	0.2307
	0.4890
	0.3982
	0.6488

	Max
	1.0967
	3.7731
	4.6674
	6.3118
	1.0967
	2.0583
	2.4267
	2.4686

	Range
	0.866
	1.3635
	1.6384
	2.4573
	0.866
	1.5693
	2.0285
	1.8198

	Average
	0.7105
	2.9176
	3.6458
	4.7273
	0.7105
	1.3219
	1.5217
	1.6031


4. Conclusions
In this contribution, we study the performance of multi-channel ACK/NACK transmission in LTE-A. Simulations indicate that localized multi-channel transmission on one component carrier provides better performance than the distributed scheme on multiple component carriers. Furthermore, carrier indicator bits in LTE-A DCI formats shall support localized multi-channel ACK/NACK transmission, while inheriting the Rel-8 PUCCH design.
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