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1. Introduction
Carrier aggregation (CA) has been introduced in Release 10 with the aggregation of up to five carriers of the same either FDD or TDD frame structure, extended in Release 11 with inter-band TDD aggregation of different UL-DL configurations and having multiple UL timing advances, and enhanced in Release 12 with aggregation of FDD and TDD frame structures.  While LAA (Licensed-Assisted Access) has created possibility of aggregating plenty of unlicensed spectrum in the 5GHz band, it becomes necessary to extend the CA feature for more component carriers. Accordingly, the work item, LTE carrier aggregation enhancement beyond 5, has been approved and its objectives in RAN1 for aggregating up to 32 component carriers are [1]: 
· 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
The contribution presents several extreme cases and most possible cases of aggregating up to 32 component carriers. Several observations and a proposal are presented for enhancement of downlink control signalling.  
2. Discussion
2.1 Aggregating up to 32 carriers
In the beginning of the study, it would be helpful to investigate several extreme cases of aggregating up to 32 carriers as well as most possible cases. At lease the following two extreme cases and a most possible case should be taken into account.
Case#1: All 32 carriers are licensed carriers
When 32 component carriers in licensed band(s) are aggregated together, control signalling and data transmission between an eNB and a UE would be extremely heavy and complicated. Under the given CA features, it looks quite challenging for both eNB and UE to carry out aggregation of 32 component carriers. For example, it seems not practical to make 1 PScell and 31 SCells work well without impact to other UEs on these carriers. There is necessity to introduce certain schemes for control signalling reduction.
Case#2: One licensed and 31 unlicensed carriers
An extreme case is to aggregate 32 carriers in unlicensed bands. Under LAA, however, access to unlicensed carriers can only be licensed-assisted. That means at least one licensed carrier is required.  Hence, the extreme case contains one licensed and 31 unlicensed carriers. Similarly, 31 unlicensed carriers could cause heavy and complicated control signalling. 
Case#3: Several licensed and several unlicensed carriers 
Most potential cases would contain several licensed and several unlicensed carriers. Numbers of unlicensed carriers are quite possibly more than numbers of licensed ones. Heavy and complicated control signalling still exists in this case. Moreover, varied combinations of different numbers of licensed and unlicensed carriers would aggravate complicated control signalling. 
2.2 Grouping carriers of similar characteristics
While the number of carriers is up to 32 and it could cause the given CA scheme impractical, dividing into less numbers of carriers would be one of feasible approaches. Carriers having similar characteristics can be grouped together and share certain common control signalling within a group. Overhead of downlink control signalling could be reduced while all carriers in a group share the same set of downlink control signals. The given CA scheme can be applied and feasible while 32 carriers are divided into groups of fewer carriers. 

Several conceptual examples are illustrated as follows. 
A. Grouping unlicensed carriers

Fig. 1 shows several unlicensed carriers can be grouped together and share the same set of downlink control signals because these unlicensed carriers have similar radio characteristics, e.g. in the same band, having the same transmission requirements, etc. 
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Fig. 1 Grouping unlicensed carriers.
B. Grouping licensed carriers 

Fig. 2 illustrates several licensed carriers can be grouped together and share the same set of downlink control signals because these licensed carriers have similar radio characteristics, e.g. in the same band, having the same transmission requirements, for cross-scheduling, etc. 
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Fig. 2 Grouping licensed carriers.

C. Grouping one licensed and one or multiple unlicensed carriers

Fig. 3 shows one licensed and multiple unlicensed carriers can be grouped together and share the same set of downlink control signals because the licensed and unlicensed carriers have similar radio characteristics, e.g. having the same transmission requirements, for cross-scheduling, etc. 
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Fig. 3 Grouping one licensed and one or multiple unlicensed carriers.
These examples demonstrate possible grouping methods. Criteria of grouping and what kind of downlink control signals should be shared as common in a group could be discussed later. Carriers having similar characteristics or for the same purpose can be grouped together and share certain common control signalling within a group. Overhead of downlink control signalling could be reduced while all carriers in a group share the same set of downlink control signals. The given CA scheme can be applied and feasible while 32 carriers are divided into groups of fewer carriers. 

Proposal: Carriers having similar characteristics or for the same purpose can be grouped together and share certain common downlink control signalling within a group. 

3. Conclusions

The contribution presents several extreme cases and most possible cases of aggregating up to 32 component carriers. Several observations and a proposal are presented for enhancement of downlink control signalling.  

Proposal: Carriers having similar characteristics or for the same purpose can be grouped together and share certain common downlink control signalling within a group. 

Criteria of grouping and what kind of downlink control signals should be shared as common in a group could be discussed later.
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