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1. Introduction

In RAN1 #80 meeting, there was a discussion on enhancements of UCI feedback for Rel-13 CA and the following observations were made [1]:
	Observations:

· RAN1 supports following two mechanisms for UCI feedback to support Rel.13 CA configurations.

· Enhancements to support UCI feedback on PUCCH on Pcell for up to 32 DL carriers and enhancements to support UCI feedback on PUSCH on one cell for up to 32 DL carriers

· Applicable to both cases when UL CA is configured or UL CA is not configured for UL CA capable UEs

· Applicable to non-UL CA capable UEs
· FFS: Multiple PUCCHs on Pcell

· Two PUCCH cell groups are configured for up to 32 DL carriers
· Applicable only when UL CA is configured
· FFS: how many PUCCH cell groups are supported
· FFS: more than two PUCCH cell groups case


In this contribution, we discuss possible enhancements of UCI feedback on PUSCH for supporting Rel-13 CA which has up to 32 DL carriers.
2. Discussion
In this section, we consider two aspects of enhancements for UCI feedback on PUSCH, i.e. UCI feedback resource increment and UCI payload adaptation.
2.1. UCI feedback resource increment
In legacy CA, if simultaneous transmission of PUCCH and PUSCH is not configured, and if PUCCH collides with PUSCH in the same subframe, UCI feedback can be piggybacked on PUSCH. In this case, the coded bit sequence corresponding to UCI feedback can be mapped on REs in PUSCH. For example, HARQ-ACK feedback can be mapped on REs in 4 SC-FDMA symbols which are next to DMRS symbols, and the maximum number of REs cannot exceed 4
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is the scheduled bandwidth for PUSCH transmission, expressed as a number of subcarriers.
Considering Rel-13 CA with large number of DL cells, the amount of UCI feedback on PUSCH would be largely increased compared to existing CA. In this case, it needs to increase UCI feedback resource for UCI mapping on PUSCH to achieve reliable UCI detection performance. For simplicity, eNB can allocate more RBs for PUSCH. However, if transport block size of UL-SCH is small, increasing RB allocation for UCI feedback can be inefficient in terms of spectral efficiency. This inefficiency can be more severe when REs for UCI mapping on PUSCH is limited as in the case of HARQ-ACK. To this end, it is worth to consider extension of possible UCI resource on PUSCH at least for HARQ-ACK.
Proposal #1: It is necessary to consider how to increase the number of REs required for large HARQ-ACK feedback on PUSCH and the corresponding mapping.
As an example, additional SC-FDMA symbols on PUSCH can be used for HARQ-ACK feedback mapping as depicted in Figure 1.
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Figure 1. Additional SC-FDMA symbols for HARQ-ACK feedback on PUSCH
Moreover, UCI piggyback over multiple PUSCHs can also be considered as a possible candidate of UCI feedback enhancements especially when UE is capable of UL CA. For example, if a UE transmits multiple PUSCHs (e.g., PUSCH #1, PUSCH #2), total UCI can comprise multiple UCI subsets (e.g., subset #1, subset #2) and each subset can be transmitted over each PUSCH as shown in Figure 2. Note that, for UE supporting UCI piggyback over multiple PUSCHs, separate coding and mapping per UCI subset even with a single PUSCH transmission can be considered to keep a consistent coding scheme regardless of the number of PUSCHs. For HARQ-ACK, it would be beneficial to apply separate coding and mapping per UCI subset in terms of UCI payload size reduction as described in section 2.2.
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Figure 2. UCI feedback over multiple PUSCH
2.2. UCI payload adaptation
Since necessity of HARQ-ACK feedback arise according to scheduling status elaborately across multiple cells and/or multiple DL subframes, it could be taken into account to reduce HARQ-ACK payload size corresponding to the scheduling status to lessen PUSCH performance loss due to puncturing.
In TDD system, there is already UL DAI filed to reduce the size of HARQ-ACK bits to be mapped on PUSCH. For example, if two DL subframes of M DL subframes have PDSCH transmissions, and if UL DAI value is set to 2, then UE will use codebook whose size is 2 instead of M for HARQ-ACK feedback on PUSCH. However, if multiple cells are aggregated for a UE and those have different values of M, it would be hard to effectively reduce entire HARQ-ACK payload size according to actual scheduling since UL DAI field on UL grant currently indicate only 1 value. Since Rel-13 CA enhancement can support up to 32 DL carriers, this inefficiency would be more increased. To mitigate this inefficiency, it could be considered to configure cell groups and indicate UL DAI value for each cell group. In this case, entire HARQ-ACK payload size can be effectively reduced according to actual scheduling compared to the conventional case where only one UL DAI value is used to express HARQ-ACK payload size for all configured serving cells. Furthermore, it can also be considered to introduce a bits filed to indicate which UCI of cell group should be piggybacked (e.g., UCI piggyback on/off indicator per cell group).
On the other hand, HARQ-ACK payload size can be adjusted according to scheduling status at UE side by applying separate UCI coding and mapping per each cell group. To be specific, separate coding is applied for UCI of each cell group and the coded symbols are mapped to its dedicated RE region on PUSCH. If a UE cannot detect any scheduled PDSCH for specific cell group, the UE does not piggyback UCI of the cell group and hence the dedicated REs on PUSCH for UCI mapping are not punctured. Correspondingly, eNB try to detect (and decode) UCI of each cell group separately at the dedicated RE region on PUSCH.
Proposal #2: It is necessary to consider effectively reducing HARQ-ACK payload size on PUSCH depending on scheduling status.
3. Conclusion
In this contribution, we have discussed consideration point of UCI feedback on PUSCH for CA in Rel-13 and the following proposals were made:
Proposal #1: It is necessary to investigate how to piggyback large HARQ-ACK feedback on PUSCH in terms of required number of REs and the corresponding mapping.
Proposal #2: It is necessary to consider effectively reducing HARQ-ACK payload size on PUSCH depending on scheduling status. 
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