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1. Introduction
Several UL ACK/NACK transmission schemes for carrier aggregation in LTE-A have been discussed in [1]. Since an LTE-A UE receiving PDSCH on multiple DL component carriers is unlikely to be coverage limited, the ACK/NACK transmission scheme shall be designed such that unnecessary retransmissions are largely avoided while the overhead is kept small [1]. Multi-channel based UL ACK/NACK transmission can meet the feedback requirements and maximally inherit Rel-8 UL control channel designs. In this contribution, we present a potential solution for the multi-channel transmission of UL ACK/NACKs in LTE-A.
2. Multi-Channel Transmission for UL Control Channel
As discussed in [1], the single-carrier property in UL can be relaxed for LTE-A UEs. Hence, multi-channel transmission seems to be a natural choice for UL ACK/NACK transmission with carrier aggregation. However, considering the issues of PAPR increase and reduced transmit power per UL control channel, simply relying on multi-channel transmission may not meet the system requirement for a large number of feedback (FB) bits. To mitigate this problem, we propose to use multi-channel transmission with partial bundling or partial multiplexing for UL ACK/NACK transmission in carrier aggregated systems. In this document, we denote 
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as the number of FB bits to be transmitted within one UL subframe. Furthermore, it is assumed that each ACK/NACK feedback bit is associated with an ACK/NACK channel that the UE may use.
3. Proposed Scheme for UL ACK/NACKs
Considering UL PAPR and detection performance of FB signaling, the number of simultaneously transmitted UL control channels should be limited. Assuming 
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 as the upper limit for each UE, where
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, then 
· If 
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, multiple UL FB signaling would be transmitted simultaneously, each of which obeys the same scheme as Rel-8. 

· If 
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, partial bundling/multiplexing is performed.
3.1. Partial bundling for cell edge users

ACK/NACK bundling is supported to resolve the issue of coverage for Rel-8 TDD. Therefore, partial bundling could also be applied for cell edge users with carrier aggregation.
The FB signals can be divided into groups, and the number of groups is no more than 
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. Bundling can be performed within each group, generating one bundled FB response. The FB signals for different groups could be mapped onto different UL control channels for concurrent transmissions and each of them is processed in the same way as Rel-8.
The following principles should be considered for partial bundling:

· The FB signals from different component carriers shall be in different groups, since the correlation of multiple ACK/NACKs in the time domain is usually higher than in the frequency domain.

· The FB signals from non-contiguous component carriers shall be in different groups to avoid bundling in the frequency domain, since the channel qualities on non-contiguous carriers can vary significantly.
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Fig.1: Partial bundling 
3.2. Partial multiplexing for cell center users
ACK/NACK bundling causes unnecessary retransmissions, which reduces DL throughput. Therefore, multiple ACK/NACK transmissions should be supported at least for cell center users, since the detection requirement can be easily met for those users with relatively high SNRs.

The number of feedback states with 
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 feedback bits is 
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. For the multiplexing scheme in Rel-8, two bits are transmitted in a single selected feedback channel. Thus, the number of supported feedback states is 
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. For 
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, it is observed that 
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, which indicates that the Rel-8 multiplexing method cannot provide sufficient feedback states. Therefore, we propose:

· For 
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, the Rel-8 multiplexing scheme can be reused. 
· For  
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, some modifications are needed for the Rel-8 multiplexing scheme.
For the second case, there are two possible approaches:
· Approach 1: Extending the Rel-8 multiplexing scheme from single-channel selection to multi-channel selection. 
In this approach, 
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 out of 
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 channels are selected for concurrent transmission of FB signals. With 
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>1, more feedback states can be generated compared to the Rel-8 scheme. Assuming QPSK modulation, two information bits can be transmitted on each of the 
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 selected channels. On the other hand, a new mapping rule shall be designed for 
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, as shown in Figure 2.
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Fig. 2: Multiplexing mapping rules
If the number of selected channels is larger than the upper bound of
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, pre-bundling can be employed to reduce the number of simultaneous FB signals, and the principles in section 3.1 shall be followed.
· Approach 2: Reusing the Rel-8 multiplexing scheme. 
In this approach, the FB signals can be divided into groups to guarantee that the number of FB signals in each group is no more than 4. The Rel-8 multiplexing scheme can be applied within each group. Consequently, one UL control channel shall be active in each group.
If the number of groups is more than the upper bound of 
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, pre-bundling can be employed to reduce the number of simultaneous FB signals, and the principles in section 3.1 shall be followed.
Table 1 shows the minimum number of required concurrent channels for these two approaches without pre-bundling. It can be observed that the number of required concurrent channels is similar for the two approaches.
The main disadvantage of approach 1 is that new mapping rules shall be defined for 
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, which may require significant standard efforts. Therefore, our current preference is approach 2.
Table 1: The minimum number of required concurrent channels

	The number of feedback bits M
	Approach 1
	Approach 2

	5
	2
	2

	6
	2
	2

	7
	2
	2

	8
	2
	2

	9
	2
	3

	10
	3
	3

	11
	3
	3

	12
	3
	3

	13
	3
	4

	14
	4
	4

	15
	4
	4

	16
	4
	4

	17
	4
	5

	18
	4
	5

	19
	4
	5

	20
	4
	5


4. Conclusions
In this contribution, we discuss several potential solutions for multi-channel based UL ACK/NACK feedback schemes in carrier aggregated systems. Considering UL PAPR and detection performance, the number of concurrent channels shall be limited. When the number of simultaneous FB signals exceeds an upper limit, grouping of the FB signals is performed:
· For cell edge users, partial bundling may be used within each group.
· For cell center users, partial multiplexing may be used within each group.
The multi-channel based scheme is Rel-8 backward compatible for 1 or 2 ACK/NACK feedback bits.
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