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1 Introduction
At RAN#66 a new WI LTE Carrier Aggregation Enhancement Beyond 5 Carriers (LTE_CA_enh_b5C) [1] was approved. One objective of the WI is to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL. One PUCCH can support only up to 5 DL component carriers in the current specifications. In this contribution, the main issues of HARQ-ACK on PUCCH supporting up to 32 CCs are identified, and some views about potential enhancements are proposed.
2 The number of PUCCHs need to be supported
As we know, UE not capable of Dual Connectivity transmits PUCCH only on the primary cell. PUCCH can be transmitted on PCell and PSCell for UEs capable of Dual Connectivity. 

The first objective of the WID [1] is for Rel-12 CA configurations to specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation. It should be noted that this objective is only for Rel-12 CA configurations, which means for up to 5 CCs configuration. The target is to develop the physical layer specifications for PUCCH on SCell based on the UCI mechanism and UCI signaling formats for Dual Connectivity (i.e., PUCCH is configured simultaneously on PCell and one SCell). That means two PUCCHs need to be supported for up to 5 CCs configuration if Dual Connectivity UCI mechanism can be reused.
According to the second objective of specifying necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, whether the number of PUCCHs is limited to two (one on PCell and another on SCell) or even more number of PUCCHs can be supported for up to 32 CCs is not stated in the WID. On the other hand, the UEs not supporting uplink Carrier Aggregation are not excluded from the objective, which means only one PUCCH should be also considered for CA up to 32 CCs.
If two or more PUCCHs are supported for UEs supporting uplink Carrier Aggregation, how to group 32 component carriers into two or more PUCCHs needs to be first defined. Of course, the number of PUCCHs supported should within uplink CA capability for UEs supporting uplink Carrier Aggregation.
According to the issues pointed out above, there are two options for the number of PUCCHs supported in R13-CA for UEs supporting uplink Carrier Aggregation:

· No more than two PUCCHs (one on PCell and another on one of SCells) are supported in Rel-13.

· If enough motivations can be found, more than two PUCCHs can be considered in further releases.
Proposal 1: No more than two PUCCHs (one on PCell and another on one of SCells) are supported in Rel-13 for UEs supporting uplink Carrier Aggregation.
· The mechanism of grouping serving cells for Dual Connectivity by higher layer can be reused.
3 HARQ-ACK reporting on PUCCH
In the current specifications [2], the number of HARQ-ACK bits is based on the number of configured serving cells and transmission modes configured for each serving cell. In Rel-10 CA, two PUCCH transmission modes are supported, namely, PUCCH format 1b with channel selection and PUCCH format 3. PUCCH format 1b with channel selection supports up to two CCs. When HARQ-ACK payload size is larger than 4, PUCCH format 3 is used to carry HARQ-ACK bits. The maximum number of HARQ-ACK bits that PUCCH format 3 could carry is given in [2] subclause 10.1.1:

· Format 3 for up to 10-bit HARQ-ACK for FDD or FDD-TDD primary cell frame structure type 1
· Format 3 for up to 20-bit HARQ-ACK for TDD and for up to 21 bit HARQ-ACK for FDD-TDD primary cell frame structure type 2
The reason for up to 10-bit HARQ-ACK for FDD or FDD-TDD primary cell frame structure type 1 is the limitation of (32, O) block code used for HARQ-ACK coding on PUCCH. The maximum input bits of (32, O) block code are 11 bits. Considering 1bit reserved for positive/negative SR, 10 bits is left for HARQ-ACK transmission.
Similar reason for up to 20-bit HARQ-ACK for TDD and up to 21 bit HARQ-ACK for FDD-TDD primary cell frame structure type 2 is also the limitation of (32, O) block code. If 
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, HARQ-ACK bits are divided into two groups. (32, O) block code is used for each group. Therefore altogether up to 22 bits payload size is supported. Up to 20-bit HARQ-ACK for TDD and up to 21-bit HARQ-ACK for FDD-TDD primary cell frame structure type 2 is left considering 1bit reserved for positive/negative SR.
If the number of CCs of carrier aggregation is up to 5, the HARQ-ACK bits for FDD is up to 10 bits (2*5=10), which supports two transport blocks for each CC. For TDD, the total HARQ-ACK bits are up to 40 bits for 5 CCs not including TDD UL/DL configuration 5 (M=4, 5*4*2=40). In current specifications, if the HARQ-ACK bits for more than one serving cell are more than 20 bits, spatial HARQ-ACK bundling is performed to accommodate 20-bit HARQ-ACK. Therefore Format 3 can meet the HARQ-ACK payload size requirements for R12-CA configuration (i.e., up to 5 CCs) except that no more than two serving cells aggregation are supported for TDD UL/DL configuration 5.
For the objective of up to 32 CCs configuration, 32*2=64 HARQ-ACK bits for FDD and 32*4*2=256 HARQ-ACK bits (or 128 bits after spatial bundling) for TDD not including TDD UL/DL configuration 5 need to be supported. 
If TDD UL/DL configuration 5 is taken into account, for up to 5 CCs configuration, maximum 1*9+4*10=49 HARQ-ACK bits for FDD-TDD with PCell TDD configuration 5 after spatial bundling need to be supported. Furthermore for up to 32 CCs configuration, maximum 1*9+31*10=319 HARQ-ACK bits for FDD-TDD with PCell TDD configuration 5 after spatial bundling need to be supported.
From [3], it can be seen that only 48 coded bits and QPSK modulation are supported for PUCCH format 3. To support up to 32 CCs in Rel-13 CA, obviously the mode of PUCCH format 1b with channel selection cannot be used for more than 2 CCs configuration, and the 22-bit capacity of the current PUCCH format 3(including 1 bit for positive/negative SR) is too small for up to 32 CCs configuration.
Therefore, two options can be considered: 

· Option 1: A certain kind of bundling is performed to compress the HARQ-ACK bits. 

· Option 2: New HARQ-ACK coding scheme and New PUCCH format(s) with larger capacity can be introduced. 

With Option 1, a more efficient or more adaptive bundling scheme besides legacy HARQ-ACK bundling or HARQ-ACK multiplexing (spatial HARQ-ACK bundling) can be considered to accommodate PUCCH format 3 payload sizes. Furthermore such kind of bundling may also be considered to compromise different HARQ-ACK feedback configurations even if new PUCCH format is introduced.
With Option 2, no other bundling except spatial bundling is used, thus new HARQ-ACK coding scheme and new PUCCH format(s) should be introduced. Only RM code and dual-RM code are used for HARQ-ACK coding in current specification with 22-bit payload size limitation. As the increasing HARQ-ACK payload sizes with more aggregated CCs analyzed above other coding schemes can be considered, e.g. the convolution code with CRC. Afterwards new PUCCH format(s) with more coded bits and/or higher modulation type should be introduced. For example, PUCCH format enhancement based on current PUCCH format 3 can be considered. 

As HARQ-ACK payload size discussed above, up to128 HARQ-ACK bits after spatial bundling need to be supported for up to 32 CCs configuration not including TDD UL/DL configuration 5. The HARQ-ACK payload size is up to 319 bits for up to 32 CCs configuration while 49 HARQ-ACK bits payload size for 5 CCs configuration if FDD-TDD with PCell TDD configuration 5 is taken into account. 
Considering the number of PUCCHs discussed in section 2, if dual PUCCHs are used, half of the maximum HARQ-ACK payload size can be supported in one PUCCH format, which is 64 bits in general case. For some extreme cases further bundling may be used to do some tradeoff.
Therefore the following proposals (considering 1 additional bit for SR) are given:

Proposal 2: More adaptive bundling can be considered to support up to 32 CCs to accommodate PUCCH format 3 and may also be considered if new PUCCH format is introduced. 

Proposal 3: The maximum payload size supported by the new PUCCH format is selected from 65 bits to 320 bits. 
In addition, due to a larger number of configuration CCs (32 CCs) need to be supported, the number of HARQ-ACK bits for activated or scheduled CCs may be significantly less than configuration CCs. For example, even if 16 CCs are configured, a UE may be only activated or scheduled with a small number of CCs for a given TTI, e.g., 8 CCs, considering the traffic is bursty and also the PDCCH/EPDCCH capacity may be not enough. In this way, half of the codebook size needs zero padding, which is not efficient if HARQ-ACK codebook size is always determined by the number of configured CCs. The issue is more serious when CA with a large number of CCs configurations is supported.
Proposal 4: The HARQ-ACK codebook size based on configured CC number should be revisited in R13 CA.
4 Conclusion
In this contribution based on some general assumptions for PUCCH transmission in current specifications and the objectives of R13-CA WID, some issues about ACK/NAK on PUCCH transmission are identified. According to these issues, some potential enhancements are presented. 

For UCI reporting on PUCCH, we make the following baseline proposals:

Proposal 1: Only two PUCCHs (one on PCell and another on one of SCells) are supported in Rel-13 for UEs supporting uplink Carrier Aggregation.
· The mechanism of grouping serving cells for Dual Connectivity by higher layer can be reused.
Proposal 2: More adaptive bundling can be considered to support up to 32 CCs to accommodate PUCCH format 3 and may also be considered if new PUCCH format is introduced.
Proposal 3: The target HARQ-ACK bits for the new PUCCH format is [64] bits. 
Proposal 4:  The HARQ-ACK codebook size based on configured CC number should be revisited in R13 CA.
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