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1. Introduction

In the RAN1#58bis meeting, the following was agreed for PUCCH design[1]:

· All A/N for a UE can be transmitted on PUCCH in absence of PUSCH transmission
· Support mapping onto one UE specific UL CC
· One A/N for each DL CC transport block should be supported
· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation
· Exact method for A/N resource allocation is FFS
· Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC

· Consider performance and power control issues (CM, BER…)
Support of “one A/N for each DL CC transport block” implies that full UL ACK/NACK information should be able to be transferred to the eNB on PUCCH, even in the absence of PUSCH. In order to accommodate such full UL ACK/NACK feedback for such a case (i.e., 5 DL CCs), large payload size format (e.g., PUCCH format 2, DFT-S-OFDM based format) is proposed[2-7].
In this document, we further discuss the applicability of the large payload size format to the UEs which are configured to the carrier aggregation with small number of DL CCs.
2. Discussion

2.1. Support of full UL ACK/NACK feedback for 5 DL CCs
As discussed in [2], given that LTE-A supports the carrier aggregation of 5 DL CCs, if UEs feedbacks full ACK/NACK information including DTX state, 12-bit information is needed for SDM cases. Full channel feedback for such case may be necessary for HARQ efficiency, so it is worthwhile to study further on this issue.
One of the ways to support full UL ACK/NACK feedback for 5 DL CCs with DL SDM is to utilize multi-sequence transmission with 5 sequences; however, we are not sure if multi-sequence transmission with large number of sequences (e.g., 5) for PUCCH only transmission is feasible or not. In addition, we also concern RAN4 works on multi-sequence transmission issues. If it is not feasible, the support of large payload size format would be one option for accommodating such 12-bit feedback.
Figure 1 shows our current observations for ACK/NACK transmission schemes depending on different number of UL ACK/NACK bits. Although we think large payload size format is a candidate for supporting around 10-bit ACK/NACK feedback, such mode is not suitable for less number of feedback as discussed in the following section.
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Figure 1 ACK/NACK transmission schemes
2.2. Applicability of format 2-type transmission for small number of aggregated DL CCs
If the full UL ACK/NACK feedback for 5 DL CCs with SDM case is supported by large payload size format, such transmission scheme can also support the configurations with smaller number of DL CCs. However, we have concerns to utilize large payload size format, which relies on the joint coding of UL ACK/NACK information for DL CCs, for more frequently-used scenarios (e.g., 2 DL CC cases) as discussed below.

Concerns on the explicit indication
In order to support such large payload size format for UL ACK/NACK, explicit indication of the resource via RRC or MAC signaling should be considered. Since the resource for large payload size format requires three times REs compared to format 1a/1b, to have implicit relation b/w CCE and the resource for large payload size format may result in wastage of UL resources.
If RRC signaling is used for the resource indication, such resources may not be changed so frequently even when some of DL CCs are de-activated via MAC signaling, since frequent changes of such L1 HARQ-ACK resources may bring misalignment of the understanding of the DL reception status, as also raised in the companion contribution [8]. Hence, in order to avoid misunderstanding of the DL reception status, UEs should determine the code point of ACK/NACK feedback based on configured DL CC (instead of activated DL CC) similar to ACK/NACK multiplexing in rel-8 TDD. 

If MAC CE is used for the resource indication, the resource for large payload size format could be changed when some of DL CCs are (de-)activated. Hence, by changing the resource for large payload size format and the number of activated DL CCs simultaneously, above “misunderstanding” could be solved. So, it would be possible to change the definition of the code point of ACK/NACK feedback depending on number of activated CCs as proposed in [9].
Considering above discussion, we may need to study further on MAC explicit indication scheme jointly with RAN2.

Concerns on the joint coding

Since the joint coding is assumed for large payload size format, the allocated ACK/NACK resource configured to the UE is consumed even if the UE is scheduled on only one DL CC. This is because the “DTX” information to other DL CCs is also explicitly transferred to eNB. One possibility to accommodate this situation is discussed in [9], which assumes the (de-)activation is fast enough and primary DL CC is mainly used in case of non-carrier aggregation assignment. This relates to the discussion on the number of UEs in the carrier aggregation configuration below.
On the other hand, if separate coding (like multi-sequence transmission of format 1b) for UL ACK/NACK is applied, the UE does not always consume all the ACK/NACK resources, since DTX is implicitly indicated by “not to use” the ACK/NACK resource. In other words, a part of ACK/NACK resources are not used in DTX case for separate coding case, which is suitable for sharing resources between different UEs regardless of the scheduler strategies mentioned above.
The number of UEs in the carrier aggregation configurations
Although RAN1 agreed the assumption that a large number of UEs are not simultaneously scheduled on multiple DL CC, a large number of UEs may be simultaneously configured to carrier aggregation of DL CCs. Also we are not sure, at this stage, how many UEs are simultaneously in the state that multiple DL CCs are activated. Hence, a large number of UEs might feed back “DTX” state frequently at a given TTI, because UEs should feedback “DTX” state even for non-scheduled DL CC to eNB.

Hence, as e.g., shown in figure 2, contrary to separate coding with implicit indication, it is not so easy to reuse the resource for large payload size format among UEs. We don’t think large payload size format for UL ACK/NACK is an efficient way, if the number of the UEs in carrier aggregation configuration or activation is not small, and such UEs are simultaneously scheduled into one TTI (even if without carrier aggregation assignment).

In order to make progress on this issue, we propose to have common understandings on the assumption that how many UEs could be simultaneously in the state that multiple DL CCs are activated or configured. 
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Figure 2 Joint coding and separate coding for UL ACK/NACK (RRC signaling for the explicit indication is assumed)
2.3. Current observation 

Since to support “5 DL CCs with SDM” requires “high-cost RF” and “high-speed signal processing” as well as RAN4 standardization works, UEs may not support “5 DL CCs with SDM” in the early release-10 deployment. Even in the later phase, majority of UEs may not support “5 DL CCs with SDM” in order to reduce implementation cost. Moreover, 5 DL CCs are not always available in the worldwide, some of eNB may not support 5 DL CC at all, either. Hence, 12-bit UL ACK/NACK feedback may not be frequently used in the real deployment scenarios. Instead, we think the optimization target for LTE-A should be around 2 to 4-bit UL ACK/NACK feedback, which can accommodate 2 DL CCs with/without SDM. 

Hence, we think optimization for supporting around 2 to 4-bit UL ACK/NACK feedback” is very important
Moreover, we don’t think large payload size format for UL ACK/NACK is always appropriate for such frequently-used scenarios as discussed in the previous section; hence, we propose to carefully study further if large payload size format is appropriate when the number of aggregated DL CCs is small (e.g., 2 or 3).
On the other hand, the number of UEs which are configured for 5 DL CCs may not be so large in the system. Hence, the wastage of PUCCH resources would not a big issue even with explicit indication via RRC signaling, if large payload size format is utilized only for such “high-end UEs” in the system. To design the different ACK/NACK transmission scheme for such a scenario (i.e., 5 DL CCs with SDM, and full UL ACK/NACK feedback) other than for the frequently-used scenarios (e.g., 2 DL CCs) is one of options.

This option implies the increase of the testing efforts; however, such an option is needed only for the UE capable of 5 DL CCs. Hence, it is not necessary for a UE which is only capable of 2-3 DL CCs to support large payload size format for UL ACK/NACK. In addition, eNBs which are installed in the area where only 2 or 3 DL CCs are available do not need to support such large payload size format, either.
Hence, we propose to study further on large payload size format aimed for the case where a large number of DL CCs are aggregated
3. Conclusion

In this contribution, we discussed the applicability of large payload size format for UL ACK/NACK information. Based on the discussion above, we propose followings.
· Carefully study further if large payload size format is appropriate when the number of aggregated DL CCs is small (e.g., 2 or 3)
· Large payload size format should be mainly aimed for the case where a large number of DL CCs are aggregated
· Optimization for 2 to 4-bit UL ACK/NACK information should be considered in addition to discuss how to accommodate e.g., 12-bit UL ACK/NACK feedback.
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