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1 Introduction
Rel-13 CA WI aims to support aggregating up to 32 serving cells in the DL. Correspondingly, the number of HARQ-ACK feedback bits in an UL subframe is significantly increased compared to Rel-12 CA where at most 5 serving cells can be aggregated by a UE. It was agreed in RAN1 #81 that 
· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits

· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits

The above agreement is for UEs with sufficient power to transmit the large number of HARQ-ACK bits. In this contribution, we discuss the support of HARQ-ACK bundling for Rel-13 eCA. 
2 HARQ-ACK bundling vs. no bundling
The average HARQ-ACK detection performance depends on the deployment scenario, the parameter settings of PUCCH transmit power control, and the variations of inter-cell interference [1]. The amount of inter-cell interference depends on how many UEs are multiplexed in the same PRB in neighboring cells. The larger the number of UEs transmitting in the same PRB in neighboring cells, the higher the inter-cell interference will be, which consequently degrades the average HARQ-ACK detection performance. 
It has been agreed that the maximum number of HARQ-ACK bits in an UL subframe is 64 for FDD and at least 128 for TDD. Assuming one UE transmitting in the same PRB in each cell, the evaluations in [1] show that more than 50% of UEs in a cell cannot support transmitting 64 HARQ-ACK bits in an UL subframe using only one PRB while achieving an average of 0.1% NAK-to-ACK BER. On the other hand, it is noted in [3] that not many UEs are PUCCH Tx power limited, which means a UE can use multiple PRBs to transmit the HARQ-ACK bits in an UL subframe. The PUCCH transmit power can scale with the number of used PRBs, which effectively improves the HARQ-ACK detection performance. The drawbacks of utilizing multiple PRBs for HARQ-ACK transmission are two folds, i.e. the increased UL overhead and increased UE Tx power. 
The benefit of HARQ-ACK bundling is to reduce the number of HARQ-ACK feedback bits that a UE needs to transmit in an UL subframe, such that the HARQ-ACK transmission coverage can be increased. Consequently, HARQ-ACK bundling increases the percentage of UEs in the cell that can be configured with carrier aggregation in the DL. Another benefit of HARQ-ACK bundling is that the bundled HARQ-ACK bits can be transmitted within a single PRB thus saving UL overhead. On the other hand, HARQ-ACK bundling introduces unnecessary PDSCH retransmissions which reduce the DL data rate compared to the case without HARQ-ACK bundling. 

It is viewed that the method of multi-PRB transmission without HARQ-ACK bundling and the method of single PRB transmission with HARQ-ACK bundling are complementary to each other, as they represent the tradeoff between UL overhead/Tx power and DL data rate. It is thus beneficial to consider supporting both in the specification such that operators can choose the proper method for the deployment scenario of interest.

Proposal 1: Consider to support both the method of multi-PRB HARQ-ACK transmission without bundling and the method of single PRB transmission with HARQ-ACK bundling.
3 Alternatives of HARQ-ACK bundling

HARQ-ACK bundling can be performed in spatial domain, time domain, and/or carrier domain. 

The studies in earlier releases show that spatial HARQ-ACK bundling is a first choice for HARQ-ACK bundling, as it can effectively reduce the number of HARQ-ACK bits by half, with less impact on DL data rate compared to time-domain or carrier-domain HARQ-ACK bundling. Therefore, it is proposed that spatial HARQ-ACK bundling can be configurable for a UE.

Proposal 2: A UE is configured by higher layers whether spatial HARQ-ACK bundling shall be performed for serving cell(s) configured with a transmission mode supporting two TBs in a PDSCH.

Time-domain HARQ-ACK bundling was supported in Rel-8 TDD, where 1 bundled HARQ-ACK bit is generated for each codeword by a logical “AND” operation of all individual HARQ-ACK bits from the subframes in the feedback window. Another time-domain HARQ-ACK bundling was introduced in Rel-10, where 2 bundled HARQ-ACK bits are generate per serving cell indicating the number of consecutively and correctly received PDSCH after applying spatial HARQ-ACK bundling per subframe. Furthermore, contribution [3] proposes a method such a 1bundling HARQ-ACK bit is generated per serving cell by introducing a last assignment indicator (LAI) in the DL grant. 
Carrier-domain HARQ-ACK bundling is expected to have larger impact on DL data rate than time-domain HARQ-ACK bundling, as the PDSCH BLER is less correlated between serving cells than between consecutive subframe. Therefore, carrier-domain HARQ-ACK bundling is not recommended.

It is further noted that for FDD and with spatial HARQ-ACK bundling, 1 HARQ-ACK bit is generated per serving cell. In order to allow same HARQ-ACK transmission coverage between FDD and TDD, it is worthwhile to consider time-domain HARQ-ACK bundling scheme that also generates 1 HARQ-ACK bit per serving cell for TDD.

Proposal 3: Consider to support a time-domain bundling method targeting 1 bundled HARQ-ACK bit per serving cell, in order to achieve similar HARQ-ACK coverage between FDD and TDD.  

4 Conclusions
In this contribution, we discuss HARQ-ACK bundling for Rel-13 eCA. The following proposals are made:
Proposal 1: Consider to support both the method of multi-PRB HARQ-ACK transmission without bundling and the method of single PRB transmission with HARQ-ACK bundling.
Proposal 2: A UE is configured by higher layers whether spatial HARQ-ACK bundling shall be performed for serving cell(s) configured with a transmission mode supporting two TBs in a PDSCH.

Proposal 3: Consider to support a time-domain bundling method targeting 1 bundled HARQ-ACK bit per serving cell, in order to achieve similar HARQ-ACK coverage between FDD and TDD.  
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