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1. Introduction
Carrier aggregation has been proposed to support larger transmission bandwidth for LTE-A, and the following conclusions have been agreed for the TB mapping in RAN1 #55bis:
· Keep the agreement from last meeting, i.e. only option 1 is supported.

· Option 1:

· There is one transport block (in absence of spatial multiplexing) and one HARQ entity per scheduled component carrier (from the UE perspective)

· A UE may receive multiple component carriers simultaneously

So when multiple DL carriers are scheduled for one user in a subframe, the user has to feedback (FB) multiple ACK/NACKs associated with the different TBs in one UL subframe, no matter for FDD or TDD. Many alternative schemes for UL ACK/NACK transmission have been presented in [5]. In this contribution, we make some further discussions for the multi-channel transmission for UL ACK/NACKs in LTE-A. 
2. Multi-Channel Transmission for UL Control Channel
In RAN1#55bis, it was agreed that:

· Control-data decoupling (simultaneous PUCCH and PUSCH transmission) supported in addition to TDM type multiplexing
That implies the single-carrier compulsion for UL transmission has been mitigated for LTE-A UE. Accordingly, multi-channel transmission seems to be a simple way for ACK/NACK feedback to DL transmissions with carrier aggregation. The major problems for multi-channel transmission are:
· PAPR: Although the limitation of PAPR for LTE-A UE may be relaxed since control-data decoupling is allowed, the number of multi-channel transmission may still have an upper limit, which guarantees that the PAPR would not exceed the tolerance of RF design for LTE-A UE.
· Transmission power: When a large number of UL control channels are transmitted simultaneously, the transmission power for one UL control channel may be significant lower than that of Rel 8, and the detection performance of feedback signaling would become unreliable.
From above, using multi-channel transmission may hardly meet the system requirement considering a large number of FB signals.
In order to resolve the problems, we propose using multi-channel transmission with partial bundling or multiplexing to transmit UL ACK/NACKs for carrier aggregated system. 
In this paper, 
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 is assumed as the number of multiple FB signals which are to be transmitted within one UL subframe.
3. Proposed Scheme for UL ACK/NACKs
Considering UL PAPR and detecting performance of FB signaling , 
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 is assumed as the upper limit of the number of simultaneously multiple channel transmission for each UE, where
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· If 
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, multiple UL FB signaling would be transmitted simultaneously, each of them obeys the same scheme as Rel 8. 

· If 
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, partial bundling/multiplexing will be used among the FB signals.
3.1. Partial bundling for the ‘cell edge’ users

ACK/NACK bundling is supported to resolve the issue of coverage for Rel 8 TDD. So partial bundling could also be applicable for the ‘cell edge’ users in LTE-A.
The FB signals will be divided into groups, and the number of groups is not more than
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. Then performing bundling within the group and generating one bundled FB response, respectively. The FB signals for different groups could be mapped to the different UL control channels simultaneously and each of them is processed by the same way as Rel 8.
The following principles should be considered for the bundling:

· The FB signals from different carriers had better be set into different groups, since the coherence of multiple ACK/NACKs in time domain is always higher than frequency domain.

· The FB signals from non-contiguous component carriers should be set into different groups, since the channel qualities for non-contiguous carriers are diversified.
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Fig.1 Partial bundling 
3.2. Partial multiplexing for the ‘cell center’ users.
ACK/NACK bundling causes unnecessary retransmission, which will reduce DL throughput. Therefore, multiple ACK/NACK transmission should be supported at least for the ‘cell center’ users, since the detection reliability requirement can be easily achieved for those users at the relative higher SNR regions.

The minimum number of FB states required by 
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 FB signals is 
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. For the multiplexing scheme in R8, two bits will be transmitted in the selected single feedback channel, thus the number of multiplexing mapping states is 
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, current multiplexing cannot provide enough feedback states. So we propose:

· For 
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, the multiplexing scheme in R8 can be reused directly, and single-channel transmission is enough. 
· For  
[image: image14.wmf]4

M

>

, some modifications are needed to the current multiplexing scheme.
For the second case, there are two possible approaches:
· Approach 1: Extending the current multiplexing scheme from single-channel selection to multi-channel selection. 
Selecting 
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 different channels out of 
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 channels which correspond to the 
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 FB signals respectively, and generating 
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 independent bits for every FB state, where 
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 and two bits will be transmitted in one selected channel.
Then performing multiplexing with all of the FB signals, and generating multiple FB signals. The FB signals would be mapped to the different UL control channels simultaneously and each of them is processed by the same way as Rel 8.
By applying this approach, we should pre-define the multiplexing mapping rules for 
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, as below, 
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Fig. 2 Multiplexing mapping rules
If the number of select channels is more than the upper limit, pre-bundling should be employed firstly to reduce the number of FB signals, and the principles mentioned in section 3.1 should be followed.
· Approach 2: Reusing the current multiplexing. 
The FB signals will be divided into groups to guarantee that the number of FB signals in every group is not more than 4, then the current multiplexing is performed within the group and one FB signal is generated respectively. The FB signals would be mapped to the different UL control channels simultaneously and each of them is processed by the same way as Rel 8. 
If the number of groups is more than the upper limit, pre-bundling should be used firstly to reduce the number of FB signals which will be grouped, and the principles mentioned in section 3.1 should be followed.
Table 1 shows the minimum numbers of simultaneously transmitted channels for these two approaches without pre-bundling. From the table, we can find that the number of simultaneously transmitted channels for approach 2 is not less than that for approach 1, but the gap is rare and small.
Compared to approach 2, the main disadvantage of approach 1 is that the predefined mappings rules needs much work in standardization when m is various, which will complicate the specifications dramatically.
So approach 2 is preferred due to its relative simplicity for multi-channel transmission with partial multiplexing.
Table 1. The minimum numbers of simultaneous transmitted channels

	The number of feedback signals
	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. Conclusion
In this contribution, we propose to use simultaneous multiple feedback channels to transmit UL ACK/NACKs for carrier aggregated system. Considering the UL PAPR and detection performance of feedback signals, the number of simultaneously transmitted multiple channels should be limited. When the number of simultaneous FB signals exceeds the upper limit, grouping for the FB signals is performed in advance and:
· For the ‘cell edge’ users, partial bundling may be used within pre-process group.
· For the ‘cell center’ users, partial multiplexing may be used within pre-process group.
The scheme could be backward compatible with single-carrier feedback in R8 uplink by limiting only one feedback channel is allowed.
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