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1      Introduction
The Rel-11 work item “LTE Carrier Aggregation Enhancements” was approved in the RAN#53 as a priority item for Release 11. One of the key objectives of this work item is to explore: 
· “Possible improvements in the related signalling for the use of LTE carrier aggregation, including 

· UL and DL physical layer signalling,
· RRC and MAC signalling to support carrier aggregation,
· enhanced transmit diversity schemes for PUCCH format 3 and PUCCH format 1b with channel selection”

This contribution focuses on such signalling enhancements with focus on deployments of CA in HetNet scenarios involving Remote Radio Elements (RRE’s), i.e. CA Scenario 4 but also addressing Scenarios 2 and 3. 
The key area of discussion is how to avoid excessive signalling resulted from frequent changes in PCells or SCells.
2      Discussion
During the course of Carrier Aggregation specifications in Release 10 several deployment scenarios were identified and targeted for support in specification.
Among those are deployments in which collocated carriers in the same eNB have different coverage ranges and directions (as in CA Scenarios 2 and 3, respectively), also deployments involving RRE’s (Scenario 4) or Frequency Selective Repeaters (Scenario 5), See Figure 1. 
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Figure 1: CA Scenarios S2-S5
Depending on how users are distributed and how cells are utilized as Primary or Secondary Cells the amount of signalling needed to accommodate mobility of users can change.
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Figure 2: (a) Scenario 4 example with frequent SCell Change, (b) Scenario 4 example with Frequent PCell Change

In this context, the following observations can be made:
In Scenario 4 for example the macro eNB can be used as PCell and RRE’s can be used as SCells. In this case the fast moving UE needs to frequently update the configured/active SCells, see Figure 2a. 
To avoid excessive signalling due to configuration/reconfiguration of SCells, in this case, multiple SCells, associated with nearby RRE’s, can be configured when CA is configured for UE. With candidate SCells configured only activation/deactivation of SCells, using MAC CE’s,  are needed as UE moves across the cell at high speed passing through multiple RRE’s. 

In order to accommodate this eNB should configure more SCells than UE can aggregate anticipating that only a subset of them are dynamically activated and used for aggregation.  For example, a UE with two-cell aggregation capability may be configured with four CCs (Cell1 as PCell plus Cell2, Cell3 and Cell4 as potential SCells) but at a given point up to two carriers can be activated for aggregation, see Figure 2a.

In Release 10 according to [2] “the number of DL CCs that can be configured depends on the DL aggregation capability of the UE”. This could imply that the number of configured carriers is limited to aggregation capability of UE. For example, a typical UE with two-carrier aggregation capability can be configured with up to two CCs. 

Given expected growth in the number of carriers in single and multi-band deployments and most pronouncedly increase in the use of HetNets/RRE’s, one would expect such limitation, although not explicitly stated in Release 10, to impact system flexibility and signalling efficiency.  Therefore, we propose the following clarification or adjustment to Release 10 to improve signalling efficiency, in the CA deployments such as Scenario 4.
Proposal 1: RAN2 to clarify that Release 11 CA capable UE may be configured with more CCs, in its supported band combination, than the UE’s capability to aggregate them.
In Scenarios 2-5 there is also possibility of keeping RREs as PCells due to their better link conditions, in which moving from coverage of one RRE to another would require frequent PCell change, see Figure 2b. Similarly in Scenarios 2, 3 and 5 where coverage of carriers are quite different a fast moving UE may need to frequently change its PCell within a single eNB to optimize link quality on PCell or balance loading.
In these scenarios the UE’s point of connectivity to network, i.e. serving eNB, may not change when PCell is changed. Therefore, a simplified and expedited PCell change signaling can help to avoid full handover signaling resulting in less overhead and faster switching to more efficiently address dynamic load balancing and high mobility.
Proposal 2: RAN2 to discuss the necessity and feasibility of enhancing PCell change procedure that incurs less overhead and latency than existing intra-eNB handover.

3      Conclusion

This contribution focuses on signalling optimizations for CA deployments in Release 11 and makes the following proposals. 

Proposal 1: A Release 11 CA capable UE may be configured with more carriers, in its supported band combination, than UE’s capability to aggregate them.

Proposal 2: RAN2 to discuss the necessity and feasibility of enhancing PCell change procedure that incurs less overhead and latency than existing intra-eNB handover.
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