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1 Introduction
Since last RAN2 meeting, many architecture options have been captured in TR 36.842. But with respect to the down selection for these possible options, a further discussion is needed in RAN2. To provide a suitable direction of dual connectivity solutions, the contribution focuses on the comparison of the CN routing and RAN routing solutions, and tries to down-select the candidate solutions. 
2 Discussion
The need to support CN routing or RAN routing of traffic should be upon two considerations. One is from potential performance gain aspect, and another is from the impact on network interface aspect. A simple analysis from the two aspects is listed as follows.
The potential performance gains should include the challenges of throughput enhancement, mobility robustness improvement and signaling load reduction, as captured in TR 36.842[1].
Firstly, for the challenge of throughput enhancement, based on the evaluations from previous RAN2 meeting, the two types of dual connectivity solutions could have similar performance since they work on similar technical principle, such as the average throughput of users can be improved by using radio resource of macro cell and small cell in the meantime when the load of macro cell and the load of small cell are low. For RAN routing solution, per E-RAB throughput improvement can be achieved due to bearer split compared with CN routing. However the difference between the two dual connectivity solutions in user throughput aspect may be small.
Observation 1: The CN routing and  RAN routing solution have similar performance gain in user throughput and system throughput, but in per E-RAB throughput aspect the RAN routing solution has gain compared with the CN routing.

Secondly, for the challenge of mobility robust, there are two metrics to be considered. One is handover successful rate, and another is interruption time in case of mobility event. From the aspect of handover successful rate, if control plane for both dual connectivity solutions are designed as keeping macro cell as mobility anchor, the number of PCell handovers of them will be similar. Thus in this aspect it may be said that the two dual connectivity solutions are essentially the same. From the aspect of interruption time, according to the analysis from [2], for “macro cell->small cell” and “small cell->small cell” mobility events, the interruption time of both dual connectivity solutions are quite similar at approximately max(Uu_Sync; X2_latency). in case of “small cell->macro cell” mobility event, there is no interruption essentially occurs in the RAN routing solution. Thus in this aspect the RAN routing solution is better than the CN routing solution.
Observation 2: The CN routing and RAN routing solution have similar performance gain in handover successful rate. In terms of interruption time, the RAN routing solution has better performance.
Thirdly, for the challenge of signaling load reduction, it is proposed to analyze signaling load over Uu interface and towards core network respectively. For signaling load over Uu interface, it may be assumed that the two dual connectivity solutions have the same signaling procedure for each mobility event, i.e. same RRC reconfiguration procedure and at least involves RLC/MAC/PHY parameters for those radio bearers built in small cell. The difference is that the CN routing solution requires to reestablish a PDCP entity for each radio bearer in small cell and configure a new security key, the RAN routing solution basically keep old configuration unchanged. However all configurations during handover could be sent by the network only once. Then this difference is almost negligible. Thus the two dual connectivity solutions have same signaling load over Uu interface. Furthermore considering signaling load toward core network, based on the evaluations from past RAN2 meetings, for RAN routing solution, keeping the mobility anchor (S1-U and S1-MME) in the macro cell can save signaling overhead towards the CN (S1 path switch). Then in this aspect the RAN routing solution is apparently superior to the CN routing solution.
Observation 3:  The CN routing and RAN routing solution are the same in signaling load over Uu interface. In signaling overhead towards the CN, the RAN routing solution is apparently superior to the CN routing solution.

The impact on network interface is another important factor in dual connectivity down-selection. Signaling load over S1 interface has been analyzed as above,. Apparently impact on Xn interface seems more important. Firstly considering signaling load within the RAN, both dual connectivity solutions require some basic functions, such as bearer split, RRM and General Xn management and error handling functions etc [3]. Besides, for the CN routing solution, it is required to introduce additional enhancement in security aspect and reestablish a PDCP entity for each radio bearer in small cell, but for the RAN routing solution, there is an argument whether or not there is a need to introduce a flow control mechanism, referring to the analysis from [4] in which the congestion related packet loss can be solved by some enhancement for current PDCP handling mechanism instead of introducing an additional flow control mechanism. Then in this aspect the CN routing solution seems slightly more complicated than the RAN routing solution. From the signaling load’s point of view, a little change of signaling load will not affected much on the whole capacity of Xn interface. Thus it may be assumed that the two dual connectivity solutions have similar signaling overhead over Xn interface.
Observation 4:  The CN routing and RAN routing solution have similar signaling overhead over Xn interface,  but from function point of view, the CN routing solution seems slightly more complicated than the RAN routing solution.

While comparing the performance between the two dual connectivity solutions, the data load within the RAN aspect seems crucial. But this aspect should be evaluated under various network topologies. For small cells directly connected to MeNB site case, the 2C or 3C architecture option from TR 36.842 can be taken for instance to illustrate the impact on data load within the RAN. For RAN routing solution all packets sent to small cell are compressed by PDCP entity in macro cell, but for CN routing solution those IP packets are directly from CN, no header compression process, thus in this aspect the RAN routing solution seem to have some advantages. However considering another network topology, for small cells connected to high level aggregation site case, for RAN routing solution all packets sent to small cell need to be routed back and forth between the aggregation site and the macro site. Thus in this case the CN routing solution is apparently superior to the RAN routing solution.
Observation 5: Considering the data load within the RAN, for small cells directly connected to MeNB site case, the RAN routing solution seem to have some advantages, but for small cells connected to high level aggregation site case, the CN routing solution is apparently superior to the RAN routing solution.
Given all that, for a future oriented network, performance improvement is proposed as a major object of the direction of dual connectivity. But considering the impact of data load over Xn interface, it may be assumed that based on the requirement defined in TR 36.932 for future network deployment, the fiber access with maximum capacity should be the priority of backhaul link. Thus this kind of impact belongs to the category of acceptableness.
Finally to an acceptable extent, it is proposed to take the RAN routing solution as major direction of dual connectivity solutions
Proposal: To an acceptable extent, it is proposed to take the RAN routing solution as major direction of dual connectivity solutions.
3 Conclusion
According to the analysis in section 2, the proposals are given as below.
Observation 1: The CN routing and  RAN routing solution have similar performance gain in user throughput and system throughput, but in per E-RAB throughput aspect the RAN routing solution has gain compared with the CN routing.

Observation 2: The CN routing and RAN routing solution have similar performance gain in handover successful rate. In terms of interruption time, the RAN routing solution has better performance.
Observation 3:  The CN routing and RAN routing solution are the same in signaling load over Uu interface. In signaling overhead towards the CN, the RAN routing solution is apparently superior to the CN routing solution.
Observation 4:  The CN routing and RAN routing solution have similar signaling overhead over Xn interface,  but from function point of view, the CN routing solution seems slightly more complicated than the RAN routing solution.
Observation 5: Considering the data load within the RAN, for small cells directly connected to MeNB site case, the RAN routing solution seem to have some advantages, but for small cells connected to high level aggregation site case, the CN routing solution is apparently superior to the RAN routing solution.
Proposal: To an acceptable extent, it is proposed to take the RAN routing solution as major direction of dual connectivity solutions.
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