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1 Introduction
In Rel-10 and Rel-11, up to 5 carriers aggregation for FDD and TDD were specified. In Rel-12 joint operation of TDD and FDD is introduced. However, the maximum number of carriers is still five. In Rel-13 the aggregation of up to 32 carriers is proposed.
· Specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation.

· Develop the physical layer specifications for PUCCH on SCell based on the UCI mechanism for Dual Connectivity (i.e., PUCCH is configured simultaneously on PCell and one SCell) and based on the UCI signalling formats on PUCCH defined for Rel-12 CA configurations 
· Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, including:
· Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any 
· Enhancements to UL control signalling for up to 32 component carriers 
· Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signalling formats to support UCI feedback for up to 32 DL carriers 
· Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers

In this document, we share our views on the enhancement of carrier aggregation beyond 5 carriers.
2 Discussion
2.1 (e)PDCCH and scheduling manner 
In Rel-10 common search space only occurs in PCell while UE-specific search space can be put in one or more carriers. The number of blind decodings of UE-specific search space increases linearly with the number of activated carriers. For the aggregation of up to 32 carriers, the requirement of UE decoding and power consumption increases sharply. 
Observation 1: For the aggregation of up to 32 carriers, the requirement of UE decoding and power consumption increases sharply.
In Rel-10 CA both self-scheduling and cross-scheduling are supported. For self-scheduling, like Rel-8 scheduling, CIF can not exist in (e)PDCCH. For CA with 32 carriers the same mechanism can be reused. 
Proposal 1: For self-scheduling no enhancement is needed.

For cross-carrier scheduling mechanism the 3bits CIF in PDCCH is used for indicating the scheduled carrier. If it is allowed that one carrier schedules all other carriers, then 5bits are required which increases PDCCH payload size. In our opinion, this is an extreme case. Whether to support 5 bits CIF should be further discussed. If 5 bits CIF is supported, the CIF value should be configurable to avoid unnecessary control channel payload. For example, if UE aggregates less than 8 carriers, the 3bits CIF is enough while 5bits are unnecessary. 
Another method is to configure different scheduling group via RRC signalling. In each group 8 carriers are configured with different carrier index values. For different group CIF value can be reused. This method can maintain current carrier index values without the extended CIF, which can reduce specification effort.

Proposal 2: Whether to allow one carrier scheduling all other carriers should be discussed firstly for CA with up to 32 carriers, and in this case the extended CIF value is required.

Proposal 3: If 5bits carrier index values are allowed, the number of CIF bits should be configurable.

Proposal 4: To divide carriers into different groups is a method for aggregating up to 32 carriers.

2.2 PHICH
For Rel-8 20 MHz system bandwidth with normal CP length, 25 groups of PHICH are available which offer 200 unique PHICH resources. Generally, the required PHICH resource of each subframe can far less than PHICH capacity. Self-scheduling or restricting the number of cross-scheduling carriers can also decrease the requirement of PHICH capacity. Current PHICH design can meet the requirement for the aggregation of up to 32 carriers. Thus PHICH enhancement is not required.
Proposal 5: PHICH enhancement is not required for the aggregation of up to 32 carriers.

2.3 Aperiodic CSI trigger
In Rel-10，aperiodic CSI report trigger use 2 bits in DCI which can indicate 2 serving cell sets. When the large number of carriers is configured, the 2bits can be not enough. If it is allowed that one carrier schedules all other carriers, more trigger bits are needed to indicate different sets. However CSI trigger bits increase payload size of control information which bring about backward compatible problem. Therefore the increase of CSI trigger bits size should be taken into account carefully. Furthermore, if using above mentioned carriers grouping method, in every group 2bits CSI trigger signalling seems enough and no specification change is required.  

Proposal 6: The increase of CSI trigger bits size should be taken into account carefully.

2.4 PUCCH
For up to 32 carriers CA, more ACK/NACK bits for PDSCH should be fed back, which have more requirements on PUCCH capacity. Generally, considering 2 transmission blocks per subframe, the number of A/N bits is 64 for FDD and 256 for TDD respectively. A direct enhancement is to specify PUCCH transmissions on two serving cell, as DC WI.
In dual connectivity WI, the two PUCCH transmissions are discussed and the agreements are listed as followed: 

· If PUCCH on Scell for CA is supported,
· PUCCH transmission on two serving cells in CA is realized by following methods:

· On the PCell for SCells in PUCCH cell group 1

· On one SCell configured to carry PUCCH for SCells in PUCCH cell group 2

· One SCell can only belong to one PUCCH cell group
· One of the two serving cells is Pcell
· PUCCH on Scell only for CA is not supported in Rel-12

· PUCCH on two serving cells in CA is not supported within MeNB or SeNB
· PUCCH on SCell with CA is realized by following methods:

· No cross-carrier scheduling between cells in different PUCCH groups

· FFS: How PUCCH power control will be supported
· PUCCH on SCell can carry HARQ-ACK feedback and CSI

· Ask RAN2 whether SR is necessary on SCell

For CA with up to 32 carriers, PUCCH transmission on SCell can be deemed as one natural evolution to support more A/N payload size. Actually, multiple PUCCH transmissions for individual UE have been proposed in Rel-10, but no agreement is achieved. These methods can be re-visited in this scenario. 
Proposal 7: PUCCH on SCell or multiple PUCCH transmissions for individual UE can be investigated for CA with up to 32 carriers.

If it is limited that only one PUCCH transmission in one subframe, then PUCCH enhancement should be considered to carry more A/N bits. In Rel-10 PUCCH format based on DFT-S-OFDM with 2 DMRS in one slot is specified, in which 5 users can multiplex in one PRB corresponding to spreading factor with 5. The maximum PUCCH payload sizes are up to 48bit while 20bits A/N are utilized with 1 additional SR bit followed by A/N. When spreading factor equals to 3 per slot PUCCH capacity can be further extended and the maximum 96 bits capacity can be achieved. For this larger payload the reliability of PUCCH is reduced especially in power-limited scenario and multiplexing capacity is confined. 
Another option is to compress A/N bits to match current capacity of PUCCH format 3, which leads to further bundling operation. In Rel-10, some A/N time bundling methods are already introduced, for instance, TDD PUCCH 1b with channel selection for M=3 and M=4 case. The drawback of this method is that bundling can bring serious PDSCH performance decrease due to some A/N states can’t be differentiated.  
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Fig.1 PUCCH format with 1 RS per slot
Proposal 8: For up to 32 carriers CA, the following methods can be considered:

1. To define the new PUCCH format supporting a larger number of A/N bits 
2. To compress A/N bits to match PUCCH format 3.

In Rel-11, multiple-cell periodic CSI and multiple-cell periodic CSI with A/N multiplexed in PUCCH format 3 are proposed to avoid the frequent dropping of periodic CSI, especially for TDD configuration. However no consensus is reached. If new PUCCH format with the higher capacity is defined, the support of multiple-cell periodic CSI and multiple-cell periodic CSI with A/N feedback can be considered.
Proposal 9: If new PUCCH format with the higher capacity is defined, the support of multiple-cell periodic CSI and multiple-cell periodic CSI with A/N feedback can be considered.

2.5 PUSCH

In Rel-8 PUSCH, 4 SC-FDMA symbols can be used to transmit HARQ-ACK or RI. The remaining number of symbols for data is 4 in the case of no SRS configuration, and it is difficult to provide more position to carry control information. If control information is still transmitted in PUSCH of one carrier, the larger A/N or RI payload can occupy more data RB which impacts the eNB scheduling of this carrier. For the aggregation up to 32 carriers, if two PUCCH or more PUCCH in one subframe are supported for individual UE, then whether UCI information can be multiplexed simultaneously in multiple carriers can also be studied to alleviate the UCI payload of one carrier. In Rel-10 simultaneous PUCCH and PUSCH transmission is specified as optional function to reduce the UCI impact on data. It is can be further considered that simultaneous PUCCH and PUSCH transmission becomes a default function for Rel-13 CA.
Proposal 10: Whether UCI information can be multiplexed in PUSCH of multiple carriers can be studied. 
Proposal 11: Simultaneous PUCCH and PUSCH transmission can be considered as a default function for Rel-13 CA.
3 Conclusions
In this document, we discussed enhancement for carrier aggregation beyond 5 carriers. We suggest:

Observation 1: For the aggregation of up to 32 carriers, the requirement of UE decoding and power consumption increases sharply.
Proposal 1: For self-scheduling no enhancement is needed.
Proposal 2: Whether to allow one carrier scheduling all other carriers should be discussed firstly for CA with up to 32 carriers, and in this case the extended CIF value is required.

Proposal 3: If 5bits carrier index values are allowed, the number of CIF bits should be configurable.

Proposal 4: To divide carriers into different groups is a method for aggregating up to 32 carriers.

Proposal 5: PHICH enhancement is not required for the aggregation of up to 32 carriers.
Proposal 6: The increase of CSI trigger bits size should be taken into account carefully.
Proposal 7: PUCCH on SCell or multiple PUCCH transmissions for individual UE can be investigated for CA with up to 32 carriers.

Proposal 8: For up to 32 carriers CA, the following methods can be considered:

1.To define the new PUCCH format supporting a larger number of A/N bits 
2.To compress A/N bits to match PUCCH format 3.
Proposal 9: If new PUCCH format with the higher capacity is defined, the support of multiple-cell periodic CSI and multiple-cell periodic CSI with A/N feedback can be considered.
Proposal 10: Whether UCI information can be multiplexed in PUSCH of multiple carriers can be studied. 

Proposal 11: Simultaneous PUCCH and PUSCH transmission can be considered as a default function for Rel-13 CA.
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