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1 Introduction

In the RAN #66 meeting, a new work item (WI) on LTE carrier aggregation (CA) enhancement beyond 5 carriers was approved [1]. The objectives of the WI are to define support for PUCCH on SCell for CA and to enhance the carrier aggregation of up to 32 component carriers (CC). The use cases for CA up to 32 CCs include CA within licensed spectrum or CA in licensed and unlicensed spectrum. In this contribution, other considerations for CA enhancement to make the UE smooth transition from 5 CCs aggregation capability to 32 CCs aggregation capability and new use cases for CA are taken into account. 
2 Motivation

The extension of the CA framework beyond 5 carriers is widely regarded as desirable and beneficial, as it provides operators an opportunity to more efficiently utilize all the available spectrum resources for the ever increasing communication demands. One particular example of the spectrum resources likely to be incorporated into the cellular networks is the C-band [2]. Another particular example, as pointed out in the WID [1], is that LAA (Licensed-Assisted Access) has created a lot of interest in extending the LTE carrier aggregation feature towards capturing the opportunities of unlicensed spectrum in the 5GHz band. 
The incorporation of the additionally available spectrum into cellular eNBs is widely considered as feasible.  On the other hand, the increase of UE capability, especially the RF capability for simultaneous transmission/reception, in order to support the aggregation of more than 5 carriers, is considered as challenging and can fall significantly behind the progress of supporting more carriers at the eNB and in standards. How to enable UEs with only moderate capability to better utilize the additionally available spectrum resources should be addressed. An example of the solution is given below.
2.1 Example
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Figure 1 CC configurations based on UE capability or beyond UE capability
In the current specification, the number of CCs configured for a UE has to be less than or equal to the UE reported capability for component carrier aggregation. Figure 1  REF _Ref409124467 \h 
(a) gives an example. If a UE can support simultaneous reception from up to 5 contiguous CCs, the network with 10 carriers will configure at most 5 contiguous CCs for the UE (shown in green) via RRC signalling, on which the UE may perform RRM measurements and if activated and scheduled, may receive data transmission. The choice of the 5 CCs by the eNB through RRC signalling would not change frequently, and once a better choice is known, RRC reconfiguration would generally take tens to hundreds of milliseconds. 

Figure 1  REF _Ref409124467 \h 
(b) shows the principle of the number of CCs configuration beyond UE capability. The carriers can be configured in different bands. In each band the number of carriers that can be configured is more than 5 (the figure shows 32 total configured CCs in green, 7 in band 1 and 25 in band 2). At different times the eNB can select different sets of CCs for simultaneous reception or transmission (up to the UE capability), examples of which are shown in the figure as black, blue, or red brackets in band 1 or band 2.  REF _Ref409124467 \h 
 \* MERGEFORMAT  The network can decide which bracket of carriers to be chosen not relying on RRC signalling. Configuring more carriers potentially to be used allows access to more carriers over time and better carrier utilization according to the measurement results or the change of services. 

3  High-level design consideration
Figure 2 illustrates the high-level design consideration for CA enhancement by showing an example of nested relationship of carriers involved in the enhanced CA procedure. For comparison, the existing CA mechanism is also illustrated.
1) Carrier configuration.

All the carriers available at the eNB (corresponding to “# of available carriers” in Figure 2 (a)) can potentially be usable for a UE, even if the UE capability of receiving or monitoring is much smaller. One carrier is configured by the RRC message RRCConnectionSetup, which is called primary cell (Pcell). A subset of the other available or usable carriers may be configured to a UE, using the RRC configuration signaling RRCConnectionReconfiguration in the current standard, based on Scell add/release information elements, and generally the time scales are a few tens of milliseconds to about a hundred milliseconds for the configuration. All the configured carriers (corresponding to “# of configured carriers” in Figure 2 (a)) need to be monitored by the UE, e.g., the UE performs RRM measurements based on reference signals and/or synchronization signals (e.g. DRS) for these carriers. The UE maintains at least coarse time/frequency synchronization with these carriers. 

2) Carrier activation/deactivation.

Furthermore, a subset of the configured component carriers can be activated (or deactivated) by MAC mechanism (using MAC control elements in MAC signalling or through sCellDeactivationTimer). This can be similar to existing Scell activation/deactivation MAC signaling, whose time scales are about a few milliseconds to a couple tens of milliseconds. The activated carriers correspond to “# of activated carriers” in Figure 2 (a).
3) Carrier scheduling

A subset of the activated component carriers may be scheduled for data transmissions, and the total number of scheduled component carriers at the same time (corresponding to “# of scheduled carriers” in Figure 2 (a)) is limited to a smaller number which is determined by the UE’s simultaneous data receiving capability (corresponding to “# of carriers per UE capability” in Figure 2 (a)). 
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Figure 2 Example of nested carrier relationship for CA enhancement, and comparison to existing CA mechanism
From the figure, it is clear that by not limiting the number of configured carriers to not exceed the number of carriers dictated by the UE capability, the network and the UE with moderate capability can better utilize the large number of carriers available to the system. The UE of course would not have more component carriers scheduled to it at any given time than its UE capability of simultaneous data reception/transmission.
Proposal: Allow the number of component carriers configured to a UE to be larger than that specified by the UE capability of simultaneous data reception/transmission.
4 Conclusion

In this contribution, the new use case for CA enhancement in unlicensed spectrum and the UE RF capability are considered. Based on the discussion, the following proposals are given: 
Proposal: Allow the number of component carriers configured to a UE to be larger than that specified by the UE capability of simultaneous data reception/transmission. 
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