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1. Introduction

During the previous meeting, the deployment scenarios for Small Cell Enhancement SI were agreed along with initial expectation of challenges for the targeted scenarios [1]. During the follow-up email discussion [2], details of the expected challenges and problems of existing functionalities were further clarified.  This contribution provides solutions that address the challenges identified in the email discussion.

2. Discussion
2.1.  Necessity for Dual Connectivity
The expected challenges in the target scenarios were identified at RAN2#81 [1] and were discussed through email [2]. According to the output of the email discussion, many companies expressed the need for both mobility robustness and capacity/user throughput improvement in hotspot areas using low-power nodes.
One of the most important missions for improved user experience has been the enhancement of capacity and user throughput. This led to the huge investment in time and effort with the introduction of CA and CoMP during the last few years. The possibility of utilizing resources from more than one eNB is considered to further improve capacity and user throughput. However, the two expected challenges listed below must be resolved:
b) Difficult to improve system capacity by utilizing radio resources in more than one eNB (e.g. due to UL/DL imbalance issues)
d) Difficult to improve per-user throughput by utilizing radio resources in more than one eNB
Regarding b), a primary cause of UL/DL power imbalance is different Tx power between macro and small cells. Several companies indicated that there is an UL/DL power imbalance for co-channel HetNet deployment scenario. But many companies also pointed out that this issue is already handled by Rel-10/11 (F)eICIC, and no challenges remain. From our point of view, it would be interesting to explore other solutions that could provide additional benefits such as throughput gains compared to the solution introduced in previous release. However, we believe this issue should be handled by RAN1 rather than RAN2 since this kind of evaluation was always addressed by RAN1 at first.
Regarding d), although CA and CoMP solutions are already developed, some limitations still exist. Rel-10/11 CA can only allow the aggregation of cells served by the same eNB and Rel-11 CoMP can only allow inter-eNB coordination with ideal backhaul. There is currently no existing mechanism that allows the UE to be simultaneously served by two non-co-channel cells belonging to different eNBs and by co-channel cells connected through non-ideal backhaul. To improve user experience with more useable bandwidths, CA over multiple eNB with non-ideal backhaul should be considered for Rel-12 small cell enhancements. To achieve this goal, RAN2 should adopt the architecture that allows the UE to have dual connection with both the macro cell and the small cell (i.e., non-co-channel dual connectivity). Enhancements such as co-channel dual connectivity should be first evaluated by RAN1 due to the aforementioned UL/DL power imbalance issue for Inter-eNB CoMP with non-ideal backhaul.
Proposal 1: RAN2 should adopt non-co-channel dual connectivity architecture in Small Cell enhancements SI.
2.2.  Design of non-co-channel Dual Connectivity
2.2.1. Dual Connectivity complexities
RAN2 should consider the complexities to support the use of dual connectivity for the non-co-channel scenario. According to the agreed deployment scenario #1 and #2, macrocell and small cell are connected via non-ideal backhaul. This implies larger backhaul latency can be assumed. With higher backhaul latency, it may be necessary for each small cell to have its own scheduler. In order to support dual connectivity, the additional complexities to coordinate the schedulers between the two cells must be carefully considered, i.e., whether the benefit for increased user experience justifies the increased complexity.
Additionally, the complexity of traffic splitting should be considered. One of the typical use cases for traffic splitting is when the UE is simultaneously running a VoIP call and a data application. If the data application is offloaded to the small cell while the VoIP call remains in the macrocell, this traffic splitting based on QoS has the potential to improve both the user experience and provide more resources to the macrocell. Splitting the traffic across more than two cells is already allowed in the current architecture for Rel-10/11 CA and CoMP operation, but splitting traffic across multiple eNBs isn’t allowed in the current architecture. Therefore, splitting the traffic across two eNBs should be considered as one of the main objectives in this SI. 
In order to support non-co-channel dual connectivity, RAN2 should take the following issues into account.
· Back haul latency 

· Coordination of schedulers between macrocell and small cell 

· Traffic splitting over multiple eNBs

Observation: RAN 2 should take into account the above complexities as part of the development of non-co-channel dual connectivity.
2.2.2.  Anchor cell and booster cell for dual connectivity
In CA, the Type 4 scenario with RRHs appears to have the basic tools needed to support dual connectivity since the UE is simultaneously connected to the macrocell and the small cell (RRH). Although Type 4 CA does not address the general case where the small cells are not RRHs, it should be considered as a reference design for non-co-channel dual connectivity. One of the intrinsic characteristics of CA is that the SCell candidate is pre-defined since only CCs operated by one eNB can be aggregated. The pre-defined SCell candidate concept should be carried over to dual connectivity since not every small cell will be a good candidate for dual connectivity. The small cell has to be within coverage of the UE and also meet the requirements of backhaul delay from network implementation perspective. Another concept that can be borrowed from CA is the procedure for SCell addition and removal. This can be done without performing a handover. Handover is only performed when the PCell changes. Again, this concept should also be reused for dual connectivity. Another important concern is the suitability of a small cell as PCell.  In the case where a large number of small cells are deployed in a given area, a large number of handovers may occur which will lead to excessive signaling load and reduced mobility robustness. With this in mind, RAN 2 should introduce the concept of an anchor cell, where the relationship between the anchor cell and the booster cell is pre-defined. In particular, only the macrocell should be an anchor under dual connectivity. Meanwhile, the small cell is always the booster cell. With this concept, excessive signaling can be avoided since transition from one small cell to another under the same anchor cell does not require a handover procedure.
Proposal 2: Cell combination candidates for dual connectivity should be pre-defined.
Proposal 3: RAN 2 should introduce the anchor cell concept, where the relationship between the anchor cell and the booster cell is pre-defined.
If Proposal 3 is agreed and we apply the CA concept for SCell addition and removal for dual connectivity (i.e., booster cell addition and removal), the indication of booster cell’s addition/removal always comes from anchor cell. Even if the UE is only connected to the booster cell, and the booster cell has the capability to send such an indication, it would be necessary for the small cell to handover the UE to the anchor cell before entering dual connectivity operation since the anchor cell should manage the UE’s mobility. Therefore, it will not be necessary for the small cell to initiate dual connectivity. Regarding traffic splitting, several companies have suggested different alternative for traffic splitting architectures and it will be necessary for RAN2 to evaluate the pros and cons of the candidate solutions. However, regardless of which architecture solution is ultimately selected, we believe that one of the main objectives for any suitable architecture is to determine which entity decides the traffic splitting between the anchor cell and the booster cell. We think it’s straightforward for the anchor cell to decide on the traffic splitting since it’s assumed the traffic served by booster cell should be forwarded via anchor cell.
Proposal 4: Anchor cell should have the responsibility for traffic splitting and the initiation of dual connectivity by sending an indication of dual-connectivity to the UE.

As we mentioned in the previous paragraph, higher backhaul latency between anchor cell and booster cell should be taken into account. To improve RRM under dual connectivity, the UE should report CSI to the individual cells separately; otherwise the booster cell’s scheduling performance will be degraded due to unreliable CSI feedbacks. For further enhancement, the UE could send the booster cell’s DL CQI to the anchor cell for to maintain dual connectivity, since the booster cell’s backhaul delay may be excessive. The rate at which UE sends this booster cell’s CQI report to the anchor cell can be determined by NW implementation. For example, a UE may report booster cell’s CQI every 5ms. However, the UE may also send a booster cell’s CQI report to the anchor cell every 20ms (every 4th report). This report can piggyback on the anchor cell’s CQI report.
Proposal 5: UE should separately report CSI to the individual cells. It is FFS whether the UE should also send the booster cell’s CQI report to the anchor cell.
3. Conclusion

This contribution describes the necessity and the associated complexities in supporting dual connectivity for non-co-channel scenario.  Suggestions for adopting features from CA are described. We have the following observation and proposals.
Proposal 1: RAN2 should adopt non-co-channel dual connectivity architecture in Small Cell enhancements SI.

Observation: RAN 2 should take into account the following complexities as part of the development of non-co-channel dual connectivity.
· Back haul latency 

· Coordination of schedulers between macrocell and small cell 

· Traffic splitting over multiple eNBs

Proposal 2: Cell combination candidates for dual connectivity should be pre-defined.
Proposal 3: RAN 2 should introduce the anchor cell concept, where the relationship between the anchor cell and the booster cell is pre-defined.
Proposal 4: Anchor cell should have the responsibility for traffic splitting and the initiation of dual connectivity by sending an indication of dual-connectivity to the UE.
Proposal 5: UE should separately report CSI to the individual cells. It is FFS whether the UE should also send the booster cell’s CQI report to the anchor cell.
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