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1. Introduction

The option for HeNB to support Carrier Aggregation has been presented previously, however it did not gather enough support at that time. The present contribution brings new arguments in favour of a support of Carrier Aggregation by HeNBs for the option to be re-considered.
2. Discussion
It has been proposed in [1]

 REF _Ref315276221 \r \h 
[2] that HeNBs support multiple carriers since this would bring throughput enhancements and would improve interference mitigation and energy saving capabilities. Arguments were however not seen as strong enough by RAN3 group at that time, and the proposal did not encounter enough support.

The contribution presents another use case where Carrier Aggregation support by HeNBs would bring benefits.

Let us assume a hybrid HeNB deployment in a public environment or a campus. It will typically allow a network access to user terminals with two priorities, depending on whether UEs belong to the CSG of the base station or not. Indeed, the HeNB can for example schedule the terminals taking into account the UE membership status, providing a differentiated service to the two classes of UEs.
This differentiated service is done after the UE has connected to the base station. The HeNB is indeed not able to control or filter the initial access of terminals. In a public or a campus environment, this can be an issue if the number of terminals aiming at accessing the base station is quite important. In such a case, the access can be denied or of poor quality for CSG members. One of the goals of the introduction of CSGs - to protect a base station from such flooding - is no more reached.
One solution is to allow in HeNBs the support of multiple Component Carriers (CCs). For example, a hybrid HeNB would be configured with two carriers (Figure 1), one carrier offering a closed access thanks to a CSG, another being left open. Hence, the closed CC will offer a privileged access to CSG members whatever the access load situation on the other CC is. 
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Figure 1: Hybrid HeNB with CA support

However this does not mean reserving CSG CC resources to CSG members. Thanks to CA flexibility, the HeNB is free to allocate radio resources in the closed CC to a non privileged UE, when they are not used for CSG members' bearers, and vice versa.
The mechanism can be extended to multiple CSGs with a different priority. This would bring a HeNB-specific priority handling with a finer granularity than the binary (2-state) choice belonging or not belonging to the CSG. 

An example scenario with such multiple priority levels is a campus scenario with several buildings. In the buildings dedicated to math, highest priority is provided to math teachers, while chemistry teachers have middle priority and student a lower one. In the buildings dedicated to chemistry, teachers of this discipline would get the highest priority, while other teachers and student would get a lower one. 

This scenario is illustrated in Figure 2 with different CSGs corresponding to different levels of priority and one CC per CSG. In this scenario, each building is covered by at least one indoor HeNB and the whole campus outdoor area is covered by outdoor HeNBs. 
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Figure 2: Campus coverage with multiple CC capable HeNBs
CSG1 is configured to be the CSG for all internal people (students, math teachers, chemistry people…), while CSG3 is dedicated to math teachers and CSG3 for chemistry people. HeNB 1 and 2 have 3 CCs, HeNB3 has two CCs while outdoor HeNBs only one. Typically, math teachers UEs will be configured with a white list composed of the couple (CSG3, CSG1), chemistry people UEs with (CSG2, CSG1) and UEs belonging to students with (CSG1).
Hence, CA support in HeNBs, in conjunction with CSG would bring a HeNB-specific priority handling with a finer granularity and with the possibility for a differentiated QoS depending on UE localisation, in addition to a better UE QoS experience thanks to RACH congestion limitation.
3. Conclusion 
We have seen in this contribution that CA support in HeNBs could offer a better QoS experience for CSG UEs by allowing a HeNB to reserve access resources to privileged users, while keeping the flexibility to use all CC resources for data scheduling. This come in addition to other benefits already mentioned in previous contributions, i.e. throughput enhancements, improved interference mitigation and energy saving capabilities.

Proposal: Carrier Aggregation support for HeNBs should be considered in the WI.
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