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1 Introduction
During RAN1 #58bis meeting, it was agreed that limited ACK/NACK (A/N) transmission for the DL CC transport blocks should be supported for power limitation, and one A/N for each DL CC transport block should also be supported [1]. Correspondingly, two A/N feedback modes, which are A/N multiplexing and full A/N bundling, can be considered in LTE-Advanced for carrier aggregation. Full A/N bundling targets for power limited UEs, while A/N multiplexing is more suitable for non-power limited UEs. Since full A/N bundling will result in some unnecessary PDSCH retransmissions in case of a bundled NACK, it is still an open issue on whether to support full A/N bundling or not for carrier aggregation.

During RAN1 #61bis meeting, a discussion was taken on whether to support full A/N bundling for the power limited case or not [2~6]. This contribution gives some further analysis on this issue. Based on the analysis, it is proposed that full A/N bundling is supported for carrier aggregation.
2 Analysis of full A/N bundling for carrier aggregation
During RAN1 #61bis meeting [2], it has been agreed for both FDD and TDD that PUCCH format 1b with channel selection is adopted for Rel-10 UEs supporting up to 4 A/N bits and DFT-S-OFDM format is adopted for Rel-10 UEs supporting more than 4 A/N bits. The link level performance of different A/N transmission schemes was evaluated in [7]. Under a channel model of ETU 3km/h, the required SNR for a 4-bit A/N feedback with channel selection and for a 10-bit A/N feedback with DFT-S-OFDM are -5.2dB and -1.2dB respectively. The PUCCH SINR geometry is also evaluated from a system level simulation [6]. The results are shown in Fig. 1. It can be seen that for a 4-bit A/N feedback with channel selection, up to 35% and 25% of the UEs may not be able to support for case 3 and case 1 respectively when 6 UEs are multiplexed in a same RB. For a 10-bit A/N feedback with DFT-S-OFDM, up to 70% and 75% of the UEs may not be able to support for case 3 and case 1 respectively even when 3 UEs are multiplexed in a same RB. This implies that the application scenarios of carrier aggregation may be rather limited, especially for DFT-S-OFDM format with a relatively large A/N payload. Supporting of full A/N bundling can significantly improve the link budget of A/N feedback for carrier aggregation.
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Multi user PUCCH format 13, 3GPP case 1, 1SD=500m
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(a) 3GPP case 1, ISD=500m
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(b) 3GPP case 3, ISD=1732m

Fig. 1 PUCCH SINR geometry [6].
One may argue that for UEs with UL power limitation, eNodeB should be restricted to schedule only on one DL CC. However, the interference condition and transmission power may be very different between UL and DL. For a UE with UL power limitation, the DL channel condition may still be good enough to support carrier aggregation. Besides, the application of DL carrier aggregation mainly depends on the DL channel condition and the UE traffic requirement (e.g. peak data rate), but has nothing to do with the UL channel condition. So it is preferable that DL carrier aggregation is not tied to PUCCH SINR geometry. When comparing with the single carrier mode, DL carrier aggregation with full A/N bundling can still achieve a larger peak data rate. Thus full A/N bundling will be advantageous on making eNodeB more flexible to configure UE with DL carrier aggregation.
A concern on supporting full A/N bundling for carrier aggregation is the DL throughput loss due to unnecessary PDSCH retransmissions. Since DL CCs are pretty much un-correlated because of independent HARQ process, A/Ns of different CCs will be less correlated than A/Ns of different sub-frames in Rel-8 TDD. At a first glance, carrier- domain bundling may result in larger DL throughput loss than time-domain bundling. However, it has been agreed not to optimize A/N feedback design for a large number of UEs simultaneously scheduled on multiple CCs in a sub-frame. For a UE configured with multiple CCs, it will be scheduled on one CC or a few CCs in most of the sub-frames. In case of being scheduled on one CC, no throughput loss will be brought by full A/N bundling. The loss on the achieved average data rate caused by full A/N bundling is considered not to be significant.
Another concern is to adopt A/N repetition instead of supporting full A/N bundling for power limited UEs. For A/N repetition, after receiving a PDSCH transmission in a DL sub-frame, UE shall transmit only the A/N response on PUCCH in the corresponding UL sub-frames, and shall not transmit any A/N response repetitions corresponding to any detected PDSCH transmission in other DL sub-frames. This results in a significant negative impact on the achieved data rate. When comparing with the single carrier mode, DL carrier aggregation combined with UL A/N repetition can not bring any gain on the achieved DL data rate of a UE. Based on the analysis, it is preferred that A/N repetition is not applicable for carrier aggregation.
Full A/N bundling has already been supported in LTE TDD with a 2 bits DAI in DL assignment. Since the DAI bits already exist, there will be no extra DCI overhead. It is more natural to support full A/N bundling for TDD carrier aggregation. For FDD carrier aggregation, DAI bits may result in extra DCI overhead. However, it is also possible to avoid a separate DAI field in DL assignment by means of A/N bundling without DAI [4] or reusing TPC field as DAI in a Scell DL assignment [6]. In these cases, there will be no extra DCI overhead to support full A/N bundling for carrier aggregation.
Besides, for the simultaneous transmission of different UCI types, full A/N bundling will be needed if multiplexing combinations for concurrent transmission of multiple A/N and positive SR or CQI defined in LTE are supported in LTE-Advanced.
As for the switching between full A/N bundling and A/N multiplexing, dynamic switching is believed to be unnecessary. The A/N feedback mode can be semi-statically configured by eNodeB.
Based on the above discussions, it is preferred that full A/N bundling is supported for carrier aggregation in LTE- Advanced. The details on how to support full A/N bundling are FFS.
3 Conclusion
In this contribution, we have analyzed the necessity of introducing full A/N bundling for carrier aggregation. It is found that a significant percentage of UEs may not be able to support A/N multiplexing, especially for the DFT-S-OFDM format with a relatively large A/N payload. Since the UE under carrier aggregation mode will be scheduled on one CC or a few CCs in most of sub-frames, the loss on the achieved data rate caused by full A/N bundling is considered not to be significant. Full A/N bundling may be helpful to deal with the simultaneous transmission of multiple A/N and other UCI types. Besides, it is possible to support full A/N bundling in LTE-Advanced without introducing extra DCI overhead. Hence it is proposed that full A/N bundling shall be supported for carrier aggregation in LTE-Advanced.
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