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1 Introduction
At the RAN1#80 meeting, there was some preliminary discussion on the necessary enhancements to support UCI feedback on PUSCH for up to 32 DL CCs with the following observations: 
	· Enhancements on UCI transmission on PUSCH      
· Details FFS including but not limited to       
· Supported payload size[s]
· Channel coding and resource element mapping


This contribution summarizes our views and preferences regarding the remaining details on the design of UCI transmission on PUSCH schemes to support carrier aggregation enhancement in Rel-13. 
2. Discussion 
2.1 HARQ-ACK Payload
Currently, a UE is assumed to always feedback a number of HARQ-ACK bits determined from the number of its configured cells and the configured DL Transmission Mode (TM) in each configured cell (determining whether the UE should feedback one or two HARQ-ACK bits per configured cell). 
Ideally, the ACK/NAK codebook size should be determined based on the number of dynamically scheduled DL CCs/subframes. This is because the number of scheduled PDSCH transmissions can be quite different from the semi-static configured ones. The discrepancy between the number of scheduled PDSCH transmissions and the number of configured PDSCH transmissions results in increasingly inefficient UL operations as the number of aggrgated DL CCs is increased to 32 CCs in Rel-13. This issue becomes especially serious in the LAA scenario due to the LBT operation. In particular, when the multi-CC ACK/NAK is piggybacked on PUSCH, the number of REs reserved for the multi-CC ACK/NAK transmission can be over-dimensioned, causing unnecessarily low resource utilization for PUSCH transmission and, hence, impacting the PUSCH performance. As a result, it is highly desirable to study solutions to remove these redundant HARQ-ACK bits such that more efficient use of the PUSCH resources can be achieved. 
We believe that the DAI signaling design principle in the current LTE specification can be naturely extended to account for the scheduled subframes across CCs to meet the HARQ-ACK overhead reduction target. One possible way to extend the DAI design could be described as follows [1]: 

· DAI in UL grant - indicating the maximum total number of CCs with PDSCH transmissions and PDCCH indicating the DL SPS release in a given subframe (i.e., for FDD) or in a subframe within an HARQ-ACK bundling window (i.e., for TDD). 

· DAI in DL assignement - indicating the accumulative number of CCs with PDSCH transmissions and PDCCH indicating the DL SPS release in a given subframe (i.e., for FDD) or within an HARQ-ACK bundling window (i.e., for TDD).

The HARQ-ACK payload 
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 in the PUSCH can be determined as follows with spatial bundling operation on HARQ-ACK for each CC: 
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where 
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is the value of the DAI in UL grant (e.g., interpreted modulo 4 like the current TDD serving cell) and 
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is indicated through the legacy DAI field in UL grant for a TDD serving cell. 
It makes sense for us to increment the enhanced DAI in the  DL assignment first over the frequency domain and then continuing incrementing the DAI in the time domain to avoid the need to predict future subframe n+k scheduling when generating DL assignements in subframe n [2]. In addition, we note that such enhanced DAI signaling would provide additional benefit to alleviate the need for specifying a new mechanism for UCI RE mapping on PUSCH as further discussed in Section 2.2 below. 
Based on the above considerations, it may be worth including DAI signaling (e.g., 2-bit) in UL grant and DL assignment for the FDD serving cell and extend the current 2-bit DAI signaling field for the TDD serving cell to support HARQ-ACK payload dynamic adaptation when signaling HARQ-ACK on PUSCH for CA beyond 5 CCs.

Proposal 1: DAI signaling is introduced to DL assignment and UL grants for the FDD serving cell and is further enhanced for the TDD serving cell. 
2.2 Resources for UCI transmission
Currently, the number of REs for HARQ-ACK piggybacked on PUSCH is bounded up to 4 DFT-S-OFDM symbols near the RS for better channel estimation. For up to 21-bit HARQ-ACK, this upper boundary would be sufficient to provide sufficient reliability.  
In RAN1 #81, it was agreed that the maximum HARQ-ACK codebook size for 32 DL CCs is at least 128 bits for TDD and 64 bits for FDD. Additionly, the HARQ-ACK payload is further increased  by accounting for at least 8-bit CRC attachment. Considering the substantially increased HARQ-ACK payload size (i.e., 3~6 times larger), further study is needed to investigate whether the available REs in 4 DFT-S-OFDM symbols is still sufficient for HARQ-ACK multiplexing on PUSCH to meet the required reliability.  

The exact amount of resource elements used for ACK/NACK transmissions in PUSCH without SU-MIMO can be calculated as follows: 
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An evaluation of the ratio of 
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 is presented in Figure 1 to quantify the UCI resource shortage problem. The intensity of a pixel of (ITBS, NPRB) corresponds to the ratio of 
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. The darker a pixel, the higher the ratio is. From Figure 1, we note that the region with ratio>1 (i.e., the red region) grows bigger as (1) 
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 increases, (2) the payload increases, and (3) the number of PRBs decreases. In the extreme case of 
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 and HARQ-ACK payload of 128, the ratio is >4 for almost all ITBS. Even with a moderate 
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, the issue still exists for a high-payload HARQ-ACK when it is piggybacked on PUSCH with a small number of PRBs (e.g., up to 6 PRBs). 
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Figure 1: The ratio of 
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 calculated with various values of 
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 and HARQ-ACK payload. 
In principle, the eNB knows the maximum number of HARQ-ACK bits to be expected from the UE and can therefore leave the collision problem to the scheduler. On the other hand, as clearly demonstrated in Figure 1, this would put significant restrictions on how to schedule the PUSCH when beyong 5 CCs are configured at the UE side. More importantly, it also causes unnecessary UL resource wastage when small PRB allocations are sufficient for UL-SCH transmission (e.g., SPS or TCP ACKs). 
Based on the above discussion, we think it is necessary to evaluate whether there is a need to expand the HARQ-ACK resource elements when signaling high-load ACK/NACK on PUSCH. If such enhancement is proved to be necessary, some design options can be further considered such as extending the HARQ-ACK REs to others symbols (e.g., RI) or allocating a new contiguous RB for HARQ-ACK transmission instead of puncturing UL-SCH REs.  
Proposal 2: HARQ-ACK resource allocation on PUSCH will be investigated to ensure efficient use of UL resources. 
3. Conclusions
In this contribution, we discuss possible enhancements to support HARQ-ACK feedback on PUSCH in Rel-13 CA. Based on the discussion, we summarize our proposals in the following:
Proposal 1: DAI signaling is introduced to DL assignment and UL grants for the FDD serving cell and is further enhanced for the TDD serving cell. 

Proposal 2: HARQ-ACK resource allocation on PUSCH will be investigated to ensure efficient use of UL resources. 
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