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1. Introduction

This contribution aims to fuel the discussions and clarify scope of new Work Item on Carrier Based HetNet ICIC. It first proposes what can be the support of Carrier Aggregation of macro, pico and home eNBs, then describes possible allocation scenarii before listing some coordination means in relation to the different scenarii. 
2. Discussion
2.1. Macro / pico base stations and CA
Control signalling defined by RAN1 for Carrier Aggregation authorises an allocation of Primary Component Carrier (PCCs) and Secondary Component Carriers (SCCs) on a per-UE basis. However, macro cells are the basis for coverage and service, and a reuse one frequency planning for PCC) brings service level guarantee and good spectrum efficiency: Hence it is reasonable to assume that for macro eNBs, PCCs are statically allocated, i.e. planned, per node, or more precisely per node's sector.
The number of pico-cells deployed is likely to be greater than the number of macro-cells, increasing radio planning burden. When deployed as hotspots, they will have to deal with important traffic variations in time. Indeed, it seems beneficial to give more autonomy to pico-cells for component carrier choice to let them adapt to traffic demand with a globally optimised spectrum resource usage. Indeed, pico-base stations should be able to autonomously select their PCC on a per-node basis.
On the other hand, being able to choose secondary component carriers (SCCs) per UE with a more dynamic and self-organised process depending for example on cell load and interference from neighbours will bring flexibility [1]
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[2]. Obviously, autonomous selections of PCCs and SCCs should be done within limits provided by O&M.
2.2. HeNBs and CA
Carrier Aggregation mechanism could bring several benefits; among them we can find throughput enhancements, easier load balancing, interference mitigation and energy saving possibilities.
Due to the limited number of users a HeNB would typically have to support, load balancing is not really relevant for HeNBs. However they can benefit from the two other possibilities, i.e. interference mitigation and energy saving. As noted by [3], being able to offer to a home user the highest peak throughput would ease HeNB's success. Indeed, with the deployment of optic fibre down to the home, with local network access possibilities now available and with new applications coming with smart wireless terminals, the 100+ Mbit/s will be a must have in the near future. The home environment, characterised by indoor propagation, a small cell size and a limited number of users will typically be the place where the peak throughput could actually be perceived; and home is the place where people preferably run the highest throughput demanding applications on their terminals.

High throughput delivery is possible only under limited interference conditions. Carrier aggregation support in HeNBs could facilitate interference mitigation between HeNBs by introducing more flexibility and a frequency re-use scheme [4]
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[3].
Energy consumption of home appliances becomes an important concern for public. Carrier Aggregation is a possible mechanism allowing minimising HeNBs energy consumption by switching off secondary carriers when high throughput is not needed, while keeping the possibility of turning them to the operational state when a more important throughput is required [4].
Indeed, Carrier Aggregation support in HeNBs with a PCell allocated per node would bring benefits. As for pico base stations, HeNBs should autonomously select their primary and secondary cells to limit O&M burden and in case of un-coordinated deployment, however as usual within limits O&M could fix.
However, one issue is that HeNBs support only one cell in current standard, due to eCGI/eNB-Id coding. Some solutions allowing multiple cell support have been proposed in the past during Rel.8 and Rel.9 discussions [5]
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[6]. They have not been agreed more for standardisation time reasons than for technical ones, and the issue is tougher today because of necessary backward compatibility. However we are confident that a suitable option could be found.
Another way of solving the multi-cells issue for HeNBs could be to use non-backward compatible component carriers, i.e. carriers using the same physical structure, but with some control channels transmission power set to zero so that they are not seen as legacy cells by UEs. In the home scenario, the typical use of secondary carriers is for throughput gains, it would then make sense HeNBs use the PCell for welcoming UEs and a 'hidden' carrier when necessary to boost offered throughput. Of course, the highest throughput feature would not be available to pre-Rel.11 UEs, but this could be acceptable considering that coverage and basic service would be provided by the PCell.
2.3. PCC/SCC allocation scenarii
From the previous discussions, it appears that PCCs managed by macro base stations should be allocated from O&M planning and that SCCs managed by macro base stations, along with PCCs and SCCs managed by pico base stations and HeNBs, should rather be selected with more flexibility - i.e. using SON mechanisms - allowing coordination so as to mitigate interferences. Different coordination scenarii can be envisaged, with different flexibility and different spectrum efficiencies.
Scenario 1: CA-based ICIC on control signalling, not on data. Figure 1 depicts such a deployment assuming three available CCs. The macro base station uses one CC as PCell for all the UEs it serves, and allocates data resources from all the CCs per UE as needed. Pico and femto base stations choose their Primary Cell (PCell) on a component carrier different from the PCC chosen by the macro node.

The amount of coordination data needed is minimum, at the cost of data being not protected by the CA-based ICIC mechanism.
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Figure 1: CA-based ICIC on control signalling
Scenario 2: CA-based ICIC on control signalling and on data – Global hard reuse scheme (Figure 2). A component carrier is reserved for pico/femto. Pico and femto nodes need to be warned about the CC used by the macro node, and their usage. This option leads to a possible spectrum efficiency loss since some CCs are assumed to be reserved, or that the number of available CCs is larger than the number of CCs base stations will actually use.
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Figure 2: CA-based ICIC on control signalling and on data – Global hard reuse scheme
Scenario 3: CA-based ICIC on control signalling and on data – Local hard reuse scheme (Figure 3). A component carrier is locally reserved for pico/femto, i.e. pico/femto and macro nodes coordinate on a peer-to peer basis their CC usage to avoid overlapping.

The scenario implies pico/femto and macro nodes exchange the list of CC they use, along with their PCC / SCC usage
The macro node can globally use all the available component carriers, with pico/femto interference coordination made with a CC granularity.
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Figure 3: CA-based ICIC on control signalling and on data – Local hard reuse scheme
Scenario 4: CA-based ICIC on control signalling, Resource Block level coordination on data. Pico/femto nodes select their PCC according to macro node allocation like in scenario 1, but interference coordination for data relies on Rel.8 style ICIC, based on RNTPI/HII/OI exchange.
The macro node can globally use all the available component carriers, pico/femto interferences being coordinated with a resource block granularity.

2.4. PCC/SCC allocation options
In this paragraph, we list different options for the nodes to coordinate their PCCs/SCCs, and the different allocation scenario the different options may authorise.
To be noted that especially for pico and femto base stations, energy saving algorithms imply that component carriers are not always on, and that non backward compatible CCs are not detectable as cells. This has to be taken into account when assessing the different options.
PCC indicator broadcasted: In this option, eNBs broadcast in the system information of their PCC a PCC indicator. Typically, pico/femto base stations take the piece of information broadcasted by the overlapping macro PCell into account for selecting their own Component Carriers.  This coordination scheme corresponds to scenario 1 depicted above (Figure 1), i.e. CA-based ICIC on control signalling only.
Pros: 

* Does not require an X2 interface, so, it is particularly relevant for HeNBs. 

* Macro base stations can use all available CCs
Cons:
* Requires pico/femto base stations to have a DL receiver, and/or new UE measurement has to be defined to make UEs able to provide the information back to their serving base station. The latter is the only option for macro-base stations
* CA-based ICIC on control signalling only

If pico/femto base stations broadcast also a PCC indicator and UE can report the information in measurement reports, then two HeNBs could coordinate their CCs without the need of an X2 interface.
Under these assumptions, the macro eNB could also take into account the CC information coming from pico/femto nodes and avoid scheduling data in the CCs used by a pico/femto for macro UEs in their vicinity. This would lead to an allocation scheme as depicted in scenario 3 (Figure 3). In this scheme, the macro base station has to adapt in case of interference, and a dense pico/femto deployment could let no such room for the CC choice.
CC usage list broadcasted: eNBs include in their PCC system information the list of CC they use, along with their PCC/SCC usage. Typically, macro base stations reserve a CC, and broadcast the CC list they use along with whether each CC is intended to a PCC or a SCC usage. This option corresponds to allocation scenario 2 (Figure 2).
Pros: 

* Does not require an X2 interface, so it is particularly relevant for HeNBs. 

* CA-based ICIC on control signalling and on data

Cons:
* Requires pico and femto base stations to have a DL receiver, and/or new UE measurement has to be defined

* Base stations do not use all available CCs
Note that the CC usage list could be broadcasted even if no CC are reserved, but this would not bring benefits compared to broadcasting the PCC usage only, since in this case, CA-based ICIC could be done on control signalling only and not on data.

CC usage list exchanged through X2 interface: Typically, a macro base station provides to pico/femto nodes a list of CC usage. Since the interface is peer-to-peer, the macro node can give different indications to different neighbours, leading to the local hard reuse scheme of scenario 3 depicted above.
Pros: 

* Local CC hard reuse possible
* CA-based ICIC on control signalling and on data

* No added data to be broadcasted
Cons:
* Requires an X2 interface
Resource Block level coordination through X2 interface: Scenario 4 requires a peer-to-peer exchange of interference warnings and resource blocks information regarding the different CCs in use, in addition of PCC coordination.
Pros: 

* Possible fine interference coordination

* CA-based ICIC on control signalling and on data

* No added data to be broadcasted

Cons:
* Requires an X2 interface
* Amount of data to be exchanged

3. Conclusion
In this contribution, we advocate HeNBs support of Carrier Aggregation, to be able to offer the maximum throughput and to add flexibility to interference management and coordination. Several options exist to tackle the multi-cell issues.
Proposal 1: Multi-CCs HeNBs should be included in Work Item scope
A static and planned per-node allocation of PCC for macro-base stations seems efficient enough and the most secure way of coordination. However more flexibility should provided to pico and femto base stations by letting them choosing the primary and secondary carriers to use. In this case again however, a per-node use for the primary component seems the best option.
Several allocation scenarii can be envisaged, leading to the possibility to provide CA-base ICIC on control signalling only or on control signalling and on data, with different granularities. This should be discussed, and then different coordination means could be envisaged, based on information broadcast/listening or peer-to-peer signalling through X2.
Proposal 2: The different PCC/SCC allocation scenarii presented in 2.3 should be discussed.
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