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1 Introduction
In RAN1#80bis, UL control signalling enhancement for up to 32 carrier aggregation was discussed.  The offline discussion for possible enhancements to UL control signaling to PUCCH formats and UCI on PUSCH are summarized with the following observation.  

At least the following enhancements to PUCCH and PUSCH feedback formats could be considered in order to support the increase in UL control information based for the 36.300 CA deployment scenarios:
· The studies should take the effect on DL throughput and UL operation points into account
· One or more new PUCCH format for increasing PUCCH payload capacity including considerations on UL overhead
· Details FFS including but not limited to
· Supported payload size(s)
· Channel coding
· Detailed structure of the new format
· PUCCH format selection including fallback operation
· Enhancements on UCI transmission on PUSCH      
· Details FFS including but not limited to       
· Supported payload size[s]
· Channel coding and resource element mapping
· Extension of the PUCCH-on-SCell mechanisms for Rel. 12 CA configurations to Rel.13 CA configurations for UL CA capable UEs.
· Enhancements to PUCCH resource allocation/selection

To support the deployment of this feature, in this contribution we mainly discuss the necessary mechanisms and enhancements to enable the LTE carrier aggregation of up to 32 component carrier for the UL from the specification point of view. Potential solutions for enhancements on the UL are discussed in detail in [2] and [3], respectively.
2 Enhancements to UL control signalling for up to 32 component carriers 
The UCI feedbacks for up to 5 CCs had been specified in Rel-10 CA, UL UCI enhancements in Rel-10 CA include,  
· [bookmark: _GoBack]PUCCH format 1b with channel selection for A/N feedbacks up to 4 bits
·  PUCCH format 3 for A/N feedback bits from 4 to 20 bits,  
· Periodic CSI feedback for multiple CCs - Periodic CSI information is configured independently for each CC.  PUCCH resources can be configured to have CSI information from multiple CCs reported in a TDM manner, where  periodic CSI information from different CCs is carried on different subframes; 
· Two-bit triggering for aperiodic CSI feedback - the number of bits used to trigger the aperiodic CSI feedback in a UL DCI has been increased from 1 bit to 1-2 bits, which increases the flexibility of aperiodic CSI feedbacks from  the combinations of different CCs.  
Following the same principle of PUCCH on PCell only and PUSCH with UCI on PCell/SCell, it is difficult to support up to 32 CCs aggregation without degradation of UCI performance. In Rel-12 dual connectivity (DC), dual PUCCHs for both MCG and SCG were supported.  Even with the support of dual PUCCHs in CA enhancement, it might not have sufficient capacity to support the UCI feedback for up to 32 CCs aggregation. It will results in dropping of A/N bits, high collisions of periodic CSI, and insufficient resource for aperiodic CSI feedback. Moreover, the 1-2 bit CSI request field to trigger aperiodic CSI feedback might not have sufficient flexibility to request the desired combination of different CC among 32 CCs and possible 4 CSI processes for one CC if CoMP is deployed at the same time. Thus, we proposed that 
Proposal 1: To support CA enhancement with up to 32 CCs, the UCI feedback capability, including A/N feedback capacity for DL HARQ, periodic CSI and aperiodic CSI feedback, should be enhanced.
In order to alleviate the UCI feedback shortage issues presented above, one straight forward solution is to divide CCs into different CC groups and assign one PUCCH on PCell/Scell for each CC group following the principle of PUCCH on SCell agreed in RAN1#77. For each CC group, the current UCI feedback mechanism on PUCCH/PUSCH defined for Rel-10/11 CA can be reused to support up to 32 CCs aggregation. When multiple PUCCH transmissions are supported for up 32 CCs aggregation, the priority and power scaling of PUCCH/PUSCH on different CC groups should be investigated. In Rel-12 DC, dual PUCCHs for both MCG and SCG were supported, and two modes of UL power control were agreed. However, the agreed solutions cannot be extended to CA enhancement if multiple PUCCHs are supported. In DC, two independent schedulers are assumed.  Thus, power control is performed independently without information of the scheduling on the other eNB. While in CA enhancement, UL power control can be performed under a better coordination with information of scheduling information of other CCs. Therefore, we proposed that 
Proposal 2: Power control and power scaling schemes should be investigated to support multiple PUCCH  transmission for up to 32 CCs aggregation  .

3 Summary
In this contribution, we have discussed the necessary mechanisms and enhancements to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL. From both DL and UL control signalling perspectives, the following proposals are proposed: 
Proposal 1: To support CA enhancement with up to 32 CCs, the UCI feedback capability, including A/N feedback capacity for DL HARQ, periodic CSI and aperiodic CSI feedback, should be enhanced.
Proposal 2: Power control and power scaling schemes should be investigated to support multiple PUCCH  transmission for up to 32 CCs aggregation  
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