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1   Introduction
Among those challenges identified for small cell deployment scenarios, “Increased signalling load (e.g., to CN) due to frequent handover” is the only challenge that needs further study for all three scenarios [1][7]. In this contribution, several potential solutions to reduce signalling load towards core network are examined in details for all three scenarios, and a preferred scheme is proposed. In addition, the readiness of supporting the preferred scheme for different scenarios is discussed.
2   Discussion
2.1   Gateway Type of Solution
As shown in Figure 1, the existing E-UTRAN architecture may deploy a Home eNB Gateway (HeNB GW) to allow the S1 interface between the HeNB and the EPC to support a large number of HeNBs in a scalable manner. The HeNB GW serves as a concentrator for the C-Plane, specifically the S1-MME interface [3].
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Figure 1: E-UTRAN HeNB Logical Architecture

Similarly, an SeNB Gateway (SeNB GW) may be deployed to allow the S1 interface between the SeNB and the EPC to support a large number of SeNBs in a scalable manner. That is, a logical architecture in Figure 1 with HeNB replaced by SeNB and HeNB GW replaced by SeNB GW. The advantage of the SeNB GW solution is reducing the number of connections between SeNB and EPC. To be more specific, the SeNB GW serves as a concentrator for the C-Plane of SeNBs, specifically the S1-MME interface. However, since HeNB GW is only a proxy in the current LTE system, the directly adopted SeNB GW cannot reduce the number of C-Plane messages exchanged between SeNB and MME. In other words, the HeNB GW type of solution cannot reduce the signaling load towards the core network upon SeNB switch. 
In order to reuse the HeNB Gateway type of architecture to reduce the signaling load towards the core network upon change, more enhancements and/or optimization may be needed, and the feasibility needs further evaluation as well. Therefore, the HeNB GW type of approach is not an attractive way forward at this late stage of SI.
Observation 1: Gateway type of solution is not suitable for reducing S1 signaling load toward CN upon SeNB change.
2.2   MeNB Routing Solution
As already analyzed in [4], MeNB routing is capable of supporting the transmission of different bearers to the same UE via different nodes, and also of supporting the split of a bearer’s transmission over multiple nodes. Since the UE is served/anchored by the MeNB from the core network’s viewpoint, the change of SeNB within the same MeNB is transparent to the core network, as depicted in Figure 2. Consequently, the signaling load towards core network can be reduced upon SeNB switch/handover.
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Figure 2: SeNB changing in MeNB routing
Observation 2: The MeNB routing solution is capable of reducing signaling load towards CN upon SeNB change.
Given the advantages of MeNB routing solution to meet the signaling load reduction challenge, it is worth further investigation on the feasibility of supporting MeNB routing for all three scenarios.
In previous RAN2 meetings, the discussion on UP architecture alternatives and CP options assumes a UE has dual radio connectivity with both MeNB and SeNB. The assumption is valid for Scenario #2, in which the UE has direct radio connections with both MeNB and SeNB at different frequencies.  For Scenario #1, which is intra-frequency HetNet case, the UE is in the coverage of both MeNB and SeNB as long as the UE is not in the center of SeNB. Therefore, the MeNB routing can be readily supported under Scenario #1 if UE is not in SeNB’s center and under Scenario #2, through UP and CP alternatives already proposed and analyzed in previous meetings.
However, if a UE is at the center of SeNB under Scenario #1 or if the UE is under Scenario #3, the UE might not have dual connectivity with both MeNB (also referred to as virtual anchor eNB under Scenario #3 [5]) and SeNB over the air, but rather one direct connection with the SeNB only. The situation is similar to that of a UE with single RX/TX RF chain. Further study is needed then on whether the previous analyses and proposals of UP and CP alternatives still apply, and on whether MeNB routing solution can be readily supported for a UE with single radio connectivity, i.e., a UE at SeNB’s center under Scenario #1 or a UE under Scenario #3.
Among the nine UP architecture alternatives proposed for dual connectivity [1], some of them are not suitable to support MeNB routing for a UE with single radio connectivity. For example, 1A does not support MeNB routing, but rather supports S-GW routing, which incurs signaling exchange with core network for SeNB change. For 2D/3D, since UE receives data from SeNB only, the re-segmentation and extra latency introduced by 2D/3D would impose significant overhead with no justified benefits. The additional layer above PDCP in 3A is an overkill, too, especially given that there is no data split between MeNB and SeNB.
Alternatives 2A, 2C and 3C may provide sufficient and efficient support for MeNB routing for a UE with a single radio connection.  From the single radio UE’s perspective, the MeNB behaves like a gateway with 2A. With 2C, PDCP layer reside in MeNB, and RLC and MAC layers reside in SeNB. The potential advantage of 3C is to reduce ping-pong effect if UE is close to the boundaries of both virtual anchor eNB and SeNB. When UE moves between the coverage of SeNB and the coverage of virtual anchor eNB, the UE may receive a radio bearer’s data from virtual anchor eNB and SeNB alternately while avoiding the cell switch or moving radio bearers back and forth between cells.
Observation 3: UP architecture alternatives 2A, 2C and 3C can support MeNB routing solution efficiently for all three scenarios.
The two radio interface CP architecture options proposed for dual connectivity [1] can be adopted directly to a UE with single radio connection. As discussed above, transport connection between UE and virtual anchor eNB can be established through certain UP architecture alternatives. Hence, UE can maintain RRC connection with the virtual anchor eNB. Therefore MeNB routing can be supported properly in all three scenarios.

Observation 4: CP architecture options 1 and 2 can support MeNB routing solution for all three scenarios.

Based on Observations 3 & 4, it can be concluded that MeNB routing can be supported in all 3 scenarios by UP and CP architectures already studied. Therefore, MeNB routing is the preferred solution to reduce signaling load towards core network upon SeNB change.
Proposal: MeNB routing solution should be supported for reducing signaling load towards CN upon SeNB change.
3   Conclusion
In this contribution, potential solutions to reduce signalling load towards core network are discussed, and MeNB routing solution is identified as the promising scheme to meet the challenge for all 3 scenarios. The UP and CP architecture alternatives/options are also studied from the perspective of the readiness of MeNB routing for all three deployment scenarios. Based on the above analysis, the following observations and proposals are made:
Observation 1: Gateway type of solution is not suitable for reducing S1 signaling load toward CN upon SeNB change.
Observation 2: The MeNB routing solution is capable of reducing signaling load towards CN upon SeNB change.
Observation 3: UP architecture alternatives 2A, 2C and 3C can support MeNB routing solution efficiently for all three scenarios.
Observation 4: CP architecture options 1 and 2 can support MeNB routing solution for all three scenarios.

Proposal: MeNB routing solution should be supported for reducing signaling load towards CN upon SeNB change.
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