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1 Introduction

The issue of whether Home eNodeB (HeNB) should support multiple cells or multiple carriers was discussed at the RAN3#72 meeting [1]. In this contribution, our view on this issue is provided.

2 Discussion
2.1 Use cases of HeNB
HeNB is designed as a simple and cost effective Customer Premises Equipment (CPE) device to provide services in a small coverage area. Compared with macro- or pico-eNBs, which serve a significant increased number of UEs, the capacity of a single cell is expected to be sufficient for fulfilling the typical use cases of HeNB. Furthermore, the implementation complexity of HeNB is typically restricted in order to reduce the cost to an acceptable level for its intended users. Hence, new features having large impact(s) to existing HeNB specifications and relevant network architecture should be avoided.
At the RAN3#72 meeting, a new use case was proposed in [2], where the peak throughputs of HeNB in both residential and corporate deployment scenarios were concerned and the support to carrier aggregation (CA) in HeNB was suggested.
In order to enable CA in HeNB, the multi-carrier capability is essential. In [2] it is assumed that the support of multiple independent cells, to each of which a unique global cell ID is assigned, is necessary for HeNB. In our opinion, however, there are actually two different views with respect to the support of multiple carriers in HeNB, which should be clarified in the first place:
· Scenario 1: HeNB supporting multiple carriers, where these carriers are independent cells to which a unique global cell ID is assigned;
· Scenario 2: HeNB supporting multiple carriers, where only one of them is an independent cell while others are not independent but aggregated.
2.2 HeNB supporting multiple independent cells
In Scenario 1, HeNB is enhanced to provide multiple carriers, where each carrier serves as an independent cell to which a unique global cell ID is assigned. Each of the carriers acts as a normal Rel-8/9 compatible cell.

The problem in Scenario 1 is how to support more than one independent cell in a single HeNB. According to the current specification, the eNB ID is used to uniquely identify an eNB in the network. However, the eNB ID of HeNB is defined as a 28-bit eNB ID, which is the Cell Global Identity (CGI) of the only cell served by the HeNB. For instance, if a HeNB is equipped with two independent carriers (namely two cells on two carriers, respectively), then each of the two carriers should have a unique cell ID, namely the Cell Identity part of ECGI. However, under the current constraint of the 28-bit HeNB ID, the HeNB can only have its own eNB ID assigned identically to the Cell Identity contained in the ECGI of only one of its serving cells. Consequently, only the cell whose cell ID is equal to the HeNB ID can be properly addressed in the network. Therefore, the existing network architecture needs to be changed if multiple cells in HeNB is to be supported.

Observation 1: Supporting multiple carriers, which are independent cells, will result in the HeNB ID issue and the subsequent addressing issue, and will bring new requirements for both E-UTRAN and EPC.

2.3 HeNB supporting only aggregatable carriers
Actually, as the major interest concerning adding multi-carrier capability to HeNB is to achieve a higher peak throughput of HeNB [2], supporting multiple independent cells as in Scenario 1 is not necessary. In Rel-10 CA framework, there are some implementation-based solutions to provide high throughput performance to CA-capable UEs, while maintaining the backward compatibility with the core network and HeNB GW.

One of these implementation-based solutions is that, a multi-carrier-capable HeNB can configure one of the component carriers as a primary carrier, where all the Rel-8/9/10 HeNB UEs (HUEs) are served. On the other hand, all other carriers can only be configured as secondary carriers, which can be assigned to CA-capable HUEs as SCCs. A carrier configured as a secondary carrier will not have global cell ID for itself (hence not accessible by Rel-8/9 UEs), therefore no HeNB ID issue or addressing issue discussed above exists. To elaborate a little further:
1. From the perspective of Rel-8/9 UEs, there is only one suitable cell to camp on, which is the primary carrier. All other secondary carriers can be configured as reserved or barred cells, or even cells without broadcasted system information;
2. From the perspective of CA-capable UEs, the primary carrier is the PCell while all the other (configured) component carriers are the SCells. In other words, the same carrier (the primary carrier which has a global cell ID) is configured as the PCell for all CA-capable HUEs;
3. From the perspective of MME, there is only one cell hosted in the HeNB (and thus one ECGI associated with). Therefore, no HeNB ID issue or addressing issue exists.
As a result, no network architecture change is needed for Scenario 2. From this perspective, a Rel-10 HeNB is readily to become CA-capable at the cost of few standardisation efforts. Moreover, given that there is no legacy UEs (e.g. Rel-8/9 UEs) camping on the secondary carrier of HeNB, the physical control channels (such as PDCCH, etc.) and system information can be reduced or even muted (as the CA-capable UE can be served by cross scheduling), yielding reduced inter-cell interference on those secondary carriers. This is especially favourable from ICIC perspective.
One disadvantage of this solution, however, is that even with more than one carrier supported in the HeNB, all the UEs served by it can only camp on one cell/carrier. Even for those CA-capable UEs, the same carrier should be configured as PCell for all CA-capable UEs. This may seem to be inefficient from load balancing perspective. Nonetheless, as the number of UEs that will be served by a HeNB is small, it may not bring significant additional benefits by allowing each UE to exploit a different carrier as its PCell. A similar view of suggesting PCell per HeNB instead of PCell per UE can be found in [3].
Observation 2: Rel-10 HeNBs are readily supporting CA function for achieving higher peak throughputs, without significant performance degradation or impact to existing network architecture.
Since the implementation-based solutions can enable the CA capability for HeNB without any specification change, neither in RAN nor in core network, it is preferable to first evaluate such kind of solutions before considering updating the existing network architecture.
Proposal 1: It is suggested that RAN3 consider and evaluate implementation-based solutions for enabling HeNB to provide CA service, so that the requirement of offering higher peak throughputs is fulfilled.

Based on the above analysis, it can be concluded that in the context of existing framework and specifications, it is standardisation- and performance-friendly to add CA capability to Rel-10 HeNBs for meeting the requirement of higher peak throughput both in both residential and corporate deployment scenarios. Therefore, extending the capability of HeNB to support multiple independent cells as described in Scenario 1 is not necessary.

Proposal 2: It is not necessary to extend the HeNB’s capability for supporting multiple independent cells.

3 Conclusion

In this contribution, we discuss different scenarios where multi-carrier capability is introduced in HeNB. By exploiting the capability of HeNB in the current specification framework, we find that by some implementation-based solutions, the HeNB can readily provide carrier aggregation service without modifying the current assumption that only one independent cell is supported in HeNB. Therefore, we suggest RAN3 agree on the following proposals:
Proposal 1: It is suggested that RAN3 consider and evaluate implementation-based solutions for enabling HeNB to provide CA service, so that the requirement of offering higher peak throughputs is fulfilled.
Proposal 2: It is not necessary to extend the HeNB’s capability for supporting multiple independent cells.
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