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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

In case a UE receives PDSCH transmissions from multiple DL carriers in a subframe, it has to feedback multiple ACK/NACKs associated with the different TBs in one UL subframe. Several potential UL ACK/NACK transmission schemes have been discussed in [1] – [5]. In this contribution, we show our views on this issue. 
2. Option 1: Multi-Channel Transmission
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 property in UL can be relaxed for LTE-A UEs. Accordingly, multi-channel transmission seems to be a natural approach for UL ACK/NACK transmission with carrier aggregation. With this approach, assuming a 1-to-1 mapping between DL component carriers and UL control channel groups.
Advantages:
· Rel-8 PUCCH transmission scheme can be largely reused. 
· Unnecessary retransmission can be avoided. Since ACK/NACKs for different PDSCH transport blocks (TBs) are transmitted without bundling, eNB knows which erroneously decoded TBs to be retransmitted. 
· No additional PUCCH overhead compared to Rel-8. Since LTE-A UEs use the same transmission scheme as LTE, the same set of PUCCH resources can be shared among LTE-A and LTE UEs. In addition, the Rel-8 mapping between PDCCH CCE indices and PUCCH resources can be reused in Rel-10.
Disadvantages:
· PAPR increase. Concurrent transmissions on multiple UL component carriers (or UL control channels) may increase the PAPR in UL. Although the UL PAPR requirement in LTE-A may be somewhat relaxed compared to LTE, the potential PAPR increase needs to be taken into account when designing the UL ACK/NACK feedback schemes in LTE-A. Several methods for PAPR reduction have been proposed in  [8].
· Less transmission power per UL control channel. When a large number of UL control channels are transmitted simultaneously, the transmission power per control channel may be significantly lower than that of Rel-8, where only one UL control channel is active in a subframe. Consequently, the detection performance on control channels shall degrade. In case a UE transmits on multiple ACK/NACK channels in the same PRB, better detection performance is achievable with improved channel estimations, as shown in [7].
Although Option 1 is a straightforward approach, it does not apply well for Tx power-limited UEs. Hence we have the following proposal:
Multi-channel transmission shall be considered as the baseline for UL ACK/NACK transmission in LTE-A, at least for non-power-limited UEs.
3. Option 2: Bundling/multiplexing
This option is similar to the Rel-8 TDD ACK/NACK transmission scheme on PUCCH. For ACK/NACK bundling, the ACK/NACK bits corresponding to multiple TBs are bundled by a logical AND operation per codeword, and one or two ACK/NACK bits are transmitted on one ACK/NACK channel. For ACK/NACK multiplexing, a QPSK symbol is transmitted on one of the multiple ACK/NACK channels, wherein the combination of the transmitted QPSK symbol and the activated ACK/NACK channel conveys the multiple ACK/NACK information bits.
Advantages:
· Single-carrier property is maintained for UL ACK/NACK transmissions in LTE-A. Similar ACK/NACK detection performance as in Rel-8 can be achieved in Rel-10.
· Rel-8 TDD ACK/NACK transmission schemes on PUCCH can be reused. Small modifications on ACK/NACK resource allocation may be needed.
· No additional PUCCH overhead compared to Rel-8.

Disadvantages:
· ACK/NACK bundling causes unnecessary retransmissions. As the number of bundled ACK/NACK bits increases, the probability of unnecessary retransmissions becomes significant, which degrades DL spectral efficiency.
·  For Rel-8 TDD, ACK/NACK bundling may not lead to significant performance loss due to channel correlations in contiguous downlink subframes. However in LTE-A, channels on different component carriers can be uncorrelated, especially in the case of non-contiguous carrier aggregation. Hence, ACK/NACK bundling across component carrier is expected to degrade system performance. For an LTE-A UE receiving transmission on N DL component carriers, if the initial transmission BLER is 0.1, Table 1 shows the amount of unnecessary retransmissions for ACK/NACK bundling across component carriers, assuming BLERs on different carriers are independent. 
Table 1: The efficiency of cross carrier ACK/NACK bundling
	
	Probability of bundled ACK for initial transmission
	Unnecessary transmission for the first retransmission

	N=2
	0.82
	9%

	N=3
	0.729
	17.1%

	N=4
	0.6561
	24.39%

	N=5
	0.5905
	30.95%


· The Rel-8 ACK/NACK multiplexing scheme can only support the transmission of up to four ACK/NACK bits in one UL subframe. Given that more than four downlink component carriers can be supported in LTE-A, the Rel-8 ACK/NACK multiplexing scheme may not be sufficient for its direct application in Rel-10.
Proposal: ACK/NACK bundling across component carriers shall not be supported in LTE-A to avoid performance degradation.
4. Option 3: Multi-channel transmission with partial bundling/multiplexing
This option is a hybrid of option 1 and option 2. In case the number of ACK/NACK bits is large, partial bundling among the ACK/NACK bits can be performed. The partially bundled ACK/NACK bits are then transmitted on a subset of the available ACK/NACK channels. Some partial bundling/multiplexing schemes can be found in [6].
Advantages:
· The Rel-8 TDD ACK/NACK transmission schemes on PUCCH can be largely reused. In case the multiple ACK/NACK bits are partitioned into groups, then the Rel-8 TDD ACK/NACK bundling or multiplexing scheme can be applied within each group. Modification on the ACK/NACK resource allocation may be needed.
· No additional PUCCH overhead compared to Rel-8.
· Less unnecessary retransmissions compared to option 2.

· Smaller PAPR compared to option 1.
Disadvantages:
· Unnecessary retransmissions. Although option 3 incurs less ACK/NACK bundling than option 2, it is still expected that unnecessary retransmission can occur with option 3.
· PAPR Increase. Option 3 allows concurrent transmission on less ACK/NACK channels than option 1. Therefore, its impact on UL PAPR is less significant than option 1. Nevertheless, concurrent transmission on multiple channels still increases PAPR. 
· Less transmission power per component carrier compared to Rel-8. The activation of multiple channels leads to less transmission power on each channel. 
5. Option 4: Joint coding
This option uses Rel-8 PUCCH format 2 for the transmission of multiple ACK/NACK bits. The ACK/NACK bits are jointly coded and transmitted on a PUCCH format 2 resource. Note that each ACK/NACK bits may be explicitly transmitted without bundling.
Advantages:
· Single-carrier property is maintained.
· Unnecessary retransmission can be avoided.

Disadvantages:
· Increase in overhead. 

· Dedicated PUCCH format 2 resources for LTE-A users. In this case, the PUCCH format 2 resource for LTE-A ACK/NACK transmission shall be configured by high layers on a per UE basis. Clearly, this leads to inefficient usage of UL PUCCH resources. 
· Common PUCCH format 2 resources for LTE-A users. In this case, a set of PUCCH format 2 resources for LTE-A ACK/NACK transmissions is allocated, which is shared by all LTE-A UEs. Each Rel-10 UE shall implicitly derive the PUCCH format 2 resource for the transmission of ACK/NACK, e.g. based on its PDCCH CCE index. Although this approach may incur less PUCCH overhead than the above dedicated alternative, additional PUCCH overhead is needed as compared to Rel-8.   
· Detection performance degradation. Since the number of transmitted ACK/NACK bits can be large, the energy per ACK/NACK bit is small. Therefore, the ACK/NACK detection performance shall be degraded compared to Rel-8.
6. Conclusions
In this contribution, we discuss several potential ACK/NACK transmission schemes in LTE-A with carrier aggregation. On the observation that 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 keeping the PUCCH overhead small. Hence, we propose that:

· Multi-channel transmission shall be considered as the baseline for UL ACK/NACK transmission in LTE-A, at least for non-power-limited UEs.
· ACK/NACK bundling across component carriers shall not be supported in LTE-A to avoid performance degradation.
·  Further study is needed before finalizing the UL ACK/NACK transmission scheme in LTE-A, especially for the power-limited UEs.
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