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1. Introduction
The scope of work item, ‘LTE Carrier Aggregation Enhancement beyond 5 Carriers’ is to standardize mechanism of aggregating up to 32 carriers. The corresponding UL/DL control signalling is needed to be enhanced in CA with up to 32 CCs. This contribution is focusing on the enhancement of Uplink Control Signalling to support up to 32 CCs.
2. Discussion
2.1. HARQ-ACK
For Rel-10 Carrier Aggregation, 5 CCs is supported and the maximum number of HARQ-ACK need to be feed backed is 10 in FDD and 40 in TDD. To enable feedback of all subframes with the limited capacity of PUCCH format 3, spatial bundling is employed in TDD if the number of HARQ-ACK feedback bit more than 20. This is limited by maximum number of HARQ-ACK feedback bits of dual-code PUCCH format 3
If we consider supporting the mechanism to feed back 32 CCs’ downlinks by one PUCCH, the maximum number of HARQ need to be feedback is 64 bits in FDD and 128bits in TDD with spatial bundling without considering TDD UL/DL configuration 5.
· HARQ-ACK on PUCCH

As a fundamental functionality, all HARQ-ACK bits in one PUCCH should be supported. This is due to UE capable of large number of downlink carriers may not be able to transmit in multiple uplink carriers. The existing PUCCH format cannot support up to 128bits directly. New mechanism may be introduced to perform massive HARQ-ACK feedback up to 32 CCs. Overall, several options are listed as: 
Opt1: new PUCCH format on top of existing PUCCH formats
Opt 2: Using additional bundling

Opt 3: Restricting maximum number of scheduling carriers
Opt 4: Grouping carriers
If 128 HARQ-ACK bits are fully transmitted, new PUCCH format can be introduced. PUSCH with single PRB can be reused as a new PUCCH format, which is shown in Figure 1 as an example. Performance of HARQ-ACK should meet the coverage and BLER requirement comparable to other UL controls if new PUCCH format is introduced. The specification impact and complexity should be small for this new PUCCH format, since the CA enhancement does not try to improve receiver.
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Figure 1 New PUCCH format
HARQ-ACK feedback bits can be further reduced by bundling in time frequency /domain.  If spatial bundling and time bundling is used for TDD, the maximum number of HARQ-ACK feedback bits then reduced to32. The frequency bundling can also be considered for 32 CCs to further reduce the number of bits. Bundling window/size depends on maximum number of HARQ-ACK feedback bits can be carried by PUCCH format. Since the feedback bits and format could be different, bundling should be configurable for different cases. As the cost of bundling, eNB need to retransmit all the data correspond to one NACK and results in throughput loss. 
In multiple carrier transmission, especially with large number of carriers, the probability for more than 10[2] concurrent scheduled CCs is quite low. The HARQ-ACK feedback bits can be reduced if the maximum number of HARQ-ACK is achieved based on maximum number of scheduled CCs rather than the number of configured CCs. 
The aggregated carriers can be further grouped and each group only transmit feedback HARQ-ACK in one PUCCH/PUSCH. The conclusion of Dual PUCCH can be reused if the number of group is 2. More than 2 groups can also be considered, since the CM is not main problem which affecting new PUCCH design [2]. The grouping option requires DC capability, which is not a necessity for the above 3 options.
· HARQ-ACK on PUSCH

Current specification allows that 4 SC-FDMA symbols in PUSCH can be used to transmit HARQ-ACK feedback. This is under the scenarios of single carrier and later 5-carrier CA. However, if large number of bits, e.g. 128, is needed to be feed backed, the performance of HARQ-ACK cannot be guaranteed. The 4 SC-FDMA symbols can only provide 48 modulation symbols per PRB. The number of symbols for HARQ bits is quite limited in this sense. Similar problem also exists for RI on PUSCH. Extending more SC-FDMA symbols which can be used to transmit HARQ-ACK is one of most straightforward solution. Extending the all 12 payload SC-FDMA symbols in PUSCH can archive the required performance. This problem can also be avoided by scheduling multiple PRB to get more modulation symbols. However, it is very inefficient since the resource for Data and Control may not be matched. Feed backing 128 bits for DL HARQ does not means scheduling comparable number bits for Data. And, control bits need 1% BLER, which results in much lower coding rates than data. Thus, it could be possible case that the 4 SC-FDMA symbols are packed with UCI and in full power. In the mean time, data resource could be under loaded.
In enhanced CA, the limitation on number of CCs with configuration 5can be more than 2, since it support larger number of HARQ-ACK feedback bits.
Proposal 1: RAN1 should introduce new mechanism or enhancements to support massive HARQ-ACK feedback in CA with up to 32 CCs.

2.2. CSI and SR
In Rel-10, the set of higher-layer configuration parameters as defined in Rel-8 are independently configured for each DL CC for periodic CSI reporting. Periodic CSI is reporting for only one DL CC, which is determined according to priority in one subframe. CSI for de-prioritized DL CC is dropped. Simultaneous transmission of multiple CCs’ periodic CSI in one subframe by PUCCH format 3 is not introduced yet. With large number of CC and limited number of periodicity for CSI report, multiple CCs’ periodic CSI will more frequently collide to each others. If new PUCCH format is introduced for HARQ-ACK, multiple CCs’ periodic CSI can be considered to be transmitted by new PUCCH format. The maximum number of CCs simultaneously reported with periodic CSIs in one subframe depends on payload which new PUCCH format can be supported. NxPUCCH can also be considered for of multiple periodic CSI transmission.
Proposal 2: Simultaneous transmission of multiple periodic CSI in one subframe should be supported in enhanced CA.

· HARQ+CSI

In Rel-11, multiple CCs’ HARQ-ACK and one CCs’ periodic CSI can be simultaneously transmitted on PUCCH format 3. Since both HARQ-ACK and periodic CSI are less desirable to be dropped in case of large number of aggregated CCs, simultaneous transmission of multiple CCs’ HARQ-ACK and multiple CCs’ periodic CSI in one subframe should be reconsidered. 
Proposal 3: Simultaneous transmission of multiple CCs’ HARQ-ACK and multiple CCs’ periodic CSI in one subframe should be reconsidered in CA with up to 32 CCs.
· SR

SR is transmitted by PUCCH format 1 in PCell in existing CA. The mechanism for transmission of SR in existing CA can be reused in CA with up to 32 CCs. For new PUCCH format, the multiplexing of SR can be similar as that in format 3.
Proposal4: Current mechanism for transmission of SR can be reused in CA with up to 32 CCs.
3. Conclusion

We analyze the function enhancement on UCI to support up to 32 aggregated CCs in this contribution. As conclusion, following proposals are given:

Proposal 1: RAN1 should introduce new mechanism or enhancements to support massive HARQ-ACK feedback in CA with up to 32 CCs.

Proposal 2: Simultaneous transmission of multiple periodic CSI in one subframe should be supported in enhanced CA.

Proposal 3: Simultaneous transmission of multiple CCs’ HARQ-ACK and multiple CCs’ periodic CSI in one subframe should be reconsidered in CA with up to 32 CCs.
Proposal4: Current mechanism for transmission of SR can be reused in CA with up to 32 CCs.
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