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1 Introduction
UL ACK/NACK (A/N) feedback issue for carrier aggregation has been discussed extensively in recent meetings. A major point to be decided is to adopt which UL A/N transmission scheme(s), including the corresponding payload, PUCCH format and resource allocation. Now the candidate UL A/N transmission schemes are:
· A/N bundling

· A/N multiplexing [1]
· PUCCH format 1b with SF reduction to 2 or 1

· Channel selection, e.g. with:

· extended to support 5 CCs

· used in conjunction with another scheme for the 5th CC

· with spatial bundling for dual codeword case

· PUCCH format 2 

· New PUCCH signal/format (e.g. DFT-S-OFDM based) 

· A/N bundling within / across CCs
This contribution shows our opinion on the whole picture of UL A/N feedback design for carrier aggregation.
2 A/N bundling
During RAN1 #58bis meeting, it was agreed that limited A/N transmission for the DL CC transport blocks should be supported for power limitation [2]. Limited A/N transmission could be achieved by A/N bundling.

In A/N bundling, a logical AND operation is performed per codeword across DL CCs as shown in Fig. 1. One or two bits A/N can be fed back depending on whether there is 2 codewords PDSCH transmission. As discussed in [7], the PUCCH format 1a/1b resource implicitly mapped from PDCCH CCE could be utilized for A/N transmission.

[image: image1]
Fig. 1 A/N bundling across DL CCs, 4 DL CCs are assumed.
Since only one or two bits A/N is fed back, A/N bundling can satisfy the requirement of cell edge UE. A/N bundling is needed for cell edge UEs to support DL carrier aggregation as the interference condition and transmission power may be different between UL and DL. In our opinion, it should be supported in LTE-Advanced for UEs with power limitation. 
Proposal 1: A/N bundling should be supported in LTE-Advanced for UEs with power limitation.
· The implicitly mapped PUCCH format 1a/1b resource could be utilized.

3 A/N Multiplexing
Although A/N bundling is necessary for UEs with power limitation, it will cause a throughput loss in downlink, since there is an unnecessary retransmission for some DL CCs. The case of bundling across DL CCs is worse than that in LTE TDD since A/Ns are less correlated among CCs. To maximize the downlink throughput, A/N multiplexing should also be supported for UEs without power limitation. A/N bundling and A/N multiplexing can be configured to a UE through higher layer signalling, as in Rel.8 TDD.
Proposal 2: A/N multiplexing should be supported in LTE-Advanced for UEs without power limitation.
· A/N bundling and A/N multiplexing are configured by higher layer signalling.

For A/N multiplexing, up to 5 DL CCs A/N feedback should be supported in Rel. 10. In case of non-MIMO, there will be 5 bits and 20 bits A/N for FDD and TDD respectively. The A/N bits would be doubled in case of MIMO with two codewords used on 5 DL CCs if A/N bundling is not applied. When a separate DTX state is also signalled for each CC, the maximum required number of A/N bits can be as high as 12 and 47 [3] for FDD and TDD respectively.
The listed A/N multiplexing schemes in [1] can be roughly classified into two categories. The first category is the channel selection based scheme. The other is the joint coding based scheme, including PUCCH format 1b with SF reduction to 2 or 1, PUCCH format 2 and new PUCCH format. Partial A/N bundling within / across CCs could be combined with all other A/N multiplexing schemes for reducing A/N bits, especially for the case of TDD carrier aggregation. In the following sections, the channel selection based scheme and the joint coding based scheme are discussed respectively.
3.1 Channel selection based scheme
In Rel.8 TDD, up to 4 DL sub-frames can be associated with a single UL sub-frame in A/N multiplexing. A QPSK symbol is transmitted on a selected A/N channel depending on the state of A/N bits for each sub-frame. It could directly be reused in LTE-Advanced to take multiple CCs instead of sub-frames as in TDD.
For the channel selection based scheme, PUCCH format 1b will be utilized, which makes it be more compatible to Rel.8 UEs. The performance has already been validated in Rel.8 TDD. Ways for assigning PUCCH resources as discussed in [4] could be applied since PUCCH format 1b is used. The hybrid A/N resource allocation scheme could be further considered, where the dynamic A/N resource on a UL CC for a PDSCH transmission with the corresponding PDCCH transmitted on a linked DL CC is implicitly mapped from the CCE of the PDCCH, and the A/N resources for the remaining PDSCH transmissions are explicitly signalled. Here a “linked” DL CC means that A/N resources for the DL CC are implicitly reserved on the UL CC.
For non-MIMO case, channel selection scheme can support up to 4 DL CCs for Rel.10 FDD which satisfy most carrier aggregation scenarios. If all carriers configured to be at MIMO, at most 2 CCs are supported for Rel.10 FDD. In order to support Rel-10 more A/N information transmission, either reducing A/N overhead of Rel-10 or extending Rel-8 channel selection scheme can be considered.

To reduce A/N overhead, spatial bundling for UEs with dual codeword and multiple carrier transmission can be employed as that in Rel.8 TDD. The main concern for spatial bundling is that it may degrade the downlink throughput due to unnecessary retransmission. However, single codeword retransmission is a simple and typical implementation for SU-MIMO retransmission, where the successful codeword will not be used for new data transmission. This implies that new data transmission could occur only when all codeword have been successfully received. The thing is same for new data transmission in spatial bundling. This similarity will largely mitigate the impact of spatial bundling. Simulation results also confirm that the downlink throughput loss caused by spatial bundling is marginal at an initial successful ratio of 90%, as shown in Table 1 and Table 2, for Case 1 and Case 3 respectively. The simulation assumptions can be found in Table 3, which is given in the appendix. So spatial bundling could be considered to reduce A/N overhead for the reuse of channel selection based A/N multiplexing scheme.
Table 1 Downlink throughput with/without spatial bundling (Case 1)
	
	Cell average throughput
	5% cell edge throughput

	With spatial bundling
	22.38Mbps
	767Kbps

	Without spatial bundling
	22.40Mbps
	773Kbps

	Throughput loss of spatial bundling
	0.09%
	0.78%


Table 2 Downlink throughput with/without spatial bundling (Case 3)
	
	Cell average throughput
	5% cell edge throughput

	With spatial bundling
	16.59Mbps
	482Kbps

	Without spatial bundling
	16.61Mbps
	487Kbps

	Throughput loss of spatial bundling
	0.12%
	1.03%


Ways to extend A/N payload have also been discussed, e.g. extending to support 5 CCs, or being used in conjunction with another scheme for the 5th CC. Another possible way is to select two or more channels for transmitting multiple QPSK symbols when there are multiple antennas [5]. However, there will be a trade off between transmission performance and A/N payload when multiple channel transmission is applied. The performance loss is caused by power splitting between multiple channels. Besides, a CM increasing will also exist if UE has only one transmit antenna. In our opinion, the extended A/N payload may not exceed 8 bit, i.e. a maximum number of 2 channel transmission, to guarantee a reliable performance.
When spatial bundling is applied, the Rel.8 TDD channel selection scheme without any extension could support up to 4 DL CCs for Rel.10 FDD. Considering carrier aggregation is done in a UE specific way, there would be very few UEs aggregated with 5 DL CCs. The channel selection based scheme would suffice to deal with most carrier aggregation cases at least for Rel.10 FDD.
Since the channel selection based scheme has a reliable performance and will anyway be support for LTE-Advanced TDD system for backward compatibility, it would be preferred that:
Proposal 3: The channel selection based scheme is supported in LTE-Advanced for A/N feedback with a relatively small payload.

· Spatial bundling could be considered for reducing A/N payload since the throughput loss is marginal.
· FFS on the supported maximum payload.

3.2 Joint coding based scheme
The joint coding based scheme is characterized by jointly encoding of all A/Ns before transmitting. Either format 2 or new format PUCCH channel (e.g. DFT-S-OFDM based or format 1b with SF reduction to 2 or 1) could be used for transmission. It is advantageous to accommodate more A/N bits, which will be beneficial for supporting of a relatively large A/N payload. Spatial bundling can also be considered to reduce A/N overhead for the joint coding based A/N multiplexing scheme, since the downlink throughput loss caused by spatial bundling is marginal.
As has been discussed, it is hard to extend A/N payload beyond 8 bits for the channel selection based scheme while to guarantee a reliable performance. However, for LTE-Advanced TDD system, the maximum number of A/N could be as high as 20 bits even we assume spatial bundling and no separate DTX state. It would be of low efficiency for the channel selection based scheme to feedback such a number of A/N. For the case of a relatively large A/N payload, the joint coding based scheme can be utilized.
For format 1b with SF reduction to 2 or 1, 4 or 8 QPSK symbols can be carried if different QPSK symbols on two slots are allowed. A/N bits can be jointly encoded to fit for the number of QPSK symbols before transmitting. PUCCH resource could be implicitly mapped from PDCCH CCE index. However, some restrictions on eNodeB scheduler to avoid possible PUCCH resource collision will be required. This restriction is further worsened by the slot based CS/OC remapping of PUCCH format 1/1a/1b. For format 1b with SF reduction to 2, it is not needed since the supported A/N payload is similar to the channel selection based scheme. For format 1b with SF reduction to 1, it is also possible to use a format 2 channel on the implicitly mapped format 1b resource, and thus could be treated as a special case of utilizing format 2 with implicit mapping.
Considering that the maximum number of A/N for TDD could be very high, PUCCH format 2 or DFT-S-OFDM based PUCCH format would be more suitable for the joint coding based scheme. The following factors should be taken into account when choosing PUCCH format for the joint coding based scheme:
· PUCCH format 2 is more backward compatible when comparing with DFT-S-OFDM based PUCCH format, since it is already existed for CQI/PMI/RI transmission in Rel.8. For example, for a format 2 PUCCH RB, one resource could be explicitly signalled to a UE for jointly encoded A/N transmission, while other resources are explicitly signalled for CQI/PMI/RI transmission. However, since PUCCH format 2 can only support up to 13 bits, ways to extend payload for PUCCH format 2 will also be required.

· For the DFT-S-OFDM based PUCCH format, a time domain orthogonal cover can be applied to increase the number of multiplexed UEs in a PUCCH RB. However, if the orthogonal cover is different than the one adopted for PUCCH format 1/1a/1b, separate PUCCH RBs will be required for the DFT-S-OFDM based PUCCH format. This will possibly result in an inefficient PUCCH resource usage considering that number of UEs being simultaneously scheduled on multiple DL CCs is assumed to be small.
In principle, the joint coding based scheme could be utilized for all possible A/N payloads. However, when comparing with the joint coding based scheme, the channel selection based scheme with a hybrid resource allocation has an advantage of a maximal reuse of Rel.8 PUCCH resource, and thus a less overhead. As has been confirmed in Rel.8 TDD, a similar link level performance can be achieved for the two schemes with a same A/N payload. Considering that a UE is typically aggregated with small number of DL CCs, it is reasonable to optimize UL A/N feedback design with the channel selection based scheme, which is targeted for a small A/N payload. The joint coding based scheme can be used to support a relatively large A/N payload and to maximize the downlink throughput since a separate DTX can also be explicitly signalled for each DL CC.

The channel selection based scheme and the joint coding based scheme can either be configured to a UE through higher layer signalling or automatically derived based on number of DL CCs configured to a UE.
As to the A/N resource allocation, since the joint coding based scheme is mainly target for UEs with large A/N payload and this kind of UEs is believed to be few, both explicit signalling and implicit mapping could be further considered for PUCCH resource allocation. For example, for DFT-S-OFDM based PUCCH format, it can also be implemented by eliminating sequence modulation on the implicitly mapped format 1b resource. The explicit signalling is simple but will cause to some extra PUCCH resource overhead. The implicit mapping will introduce eNodeB restrictions on avoiding possible resource collision but has the benefit of no extra PUCCH resource overhead. However, the eNodeB restrictions may not be a serious problem since such UEs are few in the system. More analysis may be needed before the final decision on PUCCH resource allocation for the joint coding based scheme.
Proposal 4: The joint coding based scheme is supported in LTE-Advanced for A/N feedback with a relatively large payload.
· The channel selection based scheme and the joint coding based scheme can either be configured by higher layer signaling or be derived from number of DL CCs configured.

· FFS on the PUCCH format and the resource allocation.
4 Conclusion
This contribution focuses on UL A/N feedback design for carrier aggregation, including the transmission scheme, the corresponding payload, PUCCH format and resource allocation. The following is proposed:
· Both A/N bundling and A/N multiplexing should be supported in LTE-Advanced.
· A/N bundling and A/N multiplexing are configured by higher layer signaling.

· For A/N bundling, the implicitly mapped PUCCH format 1a/1b resource could be utilized.

· The channel selection based scheme is supported in LTE-Advanced for A/N feedback with a relatively small payload.

· Spatial bundling could be considered for reducing A/N payload since the throughput loss is marginal.

· FFS on the supported maximum payload.

· The joint coding based scheme is supported in LTE-Advanced for A/N feedback with a relatively large payload.

· The channel selection based scheme and the joint coding based scheme can either be configured by higher layer signaling or be derived from number of DL CCs configured.

· FFS on the PUCCH format and the resource allocation.
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Appendix Simulation assumption
Table 3 Simulation assumption
	Carrier Frequency
	2GHz

	System Bandwidth
	10 MHz

	Channel Model
	Spatial Channel Model (SCM)

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Scenario
	3GPP Case 1 / Case 3

	Number of UEs per Cell
	10

	Antenna Configuration
	4 Tx at eNodeB with 4.0 lambda spacing
2 Rx at UE with 0.5 lambda spacing

	UE Speed
	3km/h

	Scheduler
	PF

	Traffic Model
	Full Buffer

	Receiver
	MMSE Receiver

	UE Channel Estimation
	Ideal

	Transmission Scheme
	Rel.8 Codebook based SU-MIMO

	Overhead
	24REs per RB for RS and first 3 symbols for control zone

	Layer Shifting
	No

	Control Error
	No

	CQI Report
	PUCCH based CQI reporting mode 2-1, 4ms delay

	Rank Adaptation
	Yes

	HARQ Combination
	IR
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