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1. Introduction
There are proposals regarding C-Plane architecture for supporting “dual connectivity” in the previous meeting [Ref1–Ref-3]. This contribution looks at the proposed protocol stack and provides our analysis in terms of (1) system complexity and impact, (2) Mobility robustness, and (3) Frequency handovers, taking into the challenges agreed in the last meeting below.
	Challenges agreed in the last meeting:

1. Mobility robustness => (CP related)
2. Difficulty to improve system capacity by utilizing radio resources in more than one eNB

3. Small cell discovery

4. Frequent handovers (CN signalling / path switch) => (CP related)
5. Difficulty to improve per-user throughput by utilizing radio resources in more than one eNB

6. Network planning and configuration effort.


2.  Possible C-Plane architecture
The possible C-Plane protocol stacks are depicted in the following.

	C-Plane protocol architecture in the case of RAN split

	#1
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	1. System complexity and impact

- There model gives a limitation to the U-plane path of SeNB. More specifically, the U-Plane path of SeNB should be deployed from S-GW to SeNB via MeNB since RRC in MeNB should be responsible for the U-Plane handling in SeNB.
- The backhaul latency gives impacts on:

> Fast radio resource control of SeNB by RRC in MeNB.
> Fast radio resource coordination e.g. interference control of SeNB.
- The backhaul capacity gives impacts on the frequency of the above radio resource control and radio resource coordination.
2. Mobility robustness

- The mobility is robust since the UE is still connecting to the macro cell.

> It is identified in HetNet SI that HOF/RLF is increased when the UE moves from the small cell to the macro cell but it is not the problem.
> Also, when the UE moves from the small cell to the macro cell, HOF/RLF is not the problem.

3. Frequency handovers

- Frequent handover among small cells can be avoided since the handover procedure is triggered only when the macro cell is changed.

	#2
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	1. System complexity and impact

- This model is expected to have no big impacts on E-UTRAN and UE since this model could be considered as an extension of intra-site CA in Rel-10/Rel-11.

- The backhaul latency gives impacts on the fast radio control of sRRM of the small cell by RRC in MeNB.

- The backhaul capacity gives impacts on the frequency of the above radio resource control.

- There model gives a limitation to the U-plane path of SeNB, which is that the U-Plane path of SeNB should be deployed from S-GW to SeNB via MeNB since RRC in the MeNB should be responsible for the U-Plane handling in SeNB.
2. Mobility robustness

- The mobility is robust since the UE is still connecting to the macro cell.

> It is identified in HetNet SI that HOF/RLF is increased when the UE moves from the small cell to the macro cell but it is not the problem.

> Also, when the UE moves from the small cell to the macro cell, HOF/RLF is not the problem.

3. Frequency handovers
- Frequent handover among small cells can be avoided since the handover procedure is triggered only when the macro cell is changed.

	#3
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	1. System complexity and impact
- Fast and efficient control of each cell is possible because each RRC can optimally control the wireless communications in MeNB and SeNB.
- This model is expected to have significant impacts on both eNB and UE e.g. the bearer management since there are two RRC connections.
2. Mobility robustness

- The mobility is robust since the UE is still connecting to the macro cell.

> It is identified in HetNet SI that HOF/RLF is increased when the UE moves from the small cell to the macro cell but it is not the problem.

> When the UE moves from the small cell to the macro cell, HOF/RLF of SeNB may be the problem.
3. Frequency handovers
- Frequent handover among small cells has negative impacts on the signalling for CN e.g. path switch message if there is a U-Plane path between SeNB and S-GW, since the path switch message has to be sent to the CN
- On the other hand, frequent handover is not the problem if there is no direct U-Plane path between SeNB and S-GW i.e. the U-Plane path exists from SeNB to S-GW through MeNB, since the path switch message has to be sent to the CN.

	C-Plane protocol architecture in the case of CN split

	#1
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	1. System complexity and impact

- This model is expected to have big impacts on E-UTRAN, UE and CN since there are two S1 connections and RRC connections.

- This model is expected to have impacts on the signalling overhead of EPC e.g. path switch message when handover happens.

- This model is expected to have big impacts on both eNB and UE since there are two RRC connections.

2. Mobility robustness
- The mobility is robust since the UE is still connecting to the macro cell.

> It is identified in HetNet SI that HOF/RLF is increased when the UE moves from the small cell to the macro cell but it is not the problem.

> When the UE moves from the small cell to the macro cell, HOF/RLF of SeNB may be the problem.

- The mobility may not be robust when the UE moves from the small cell to another small cell depending on e.g. the UE speed.
3. Frequency handovers
- Frequent handover among small cells has negative impacts on the signalling for CN e.g. path switch message.


3. Proposal
According to the above analysis, we think that Model #2 would be the baseline for fully making use of the dual connectivity in terms of the performance and the backhaul type independency. However, further analysis is needed to fix the C-Plane protocol stack for supporting the dual connectivity. To continue to study the C-Plane protocol stack, we propose that the above result should be captured into the TR.

Observation: Model #2 would be the baseline for supporting the dual connectivity.
Proposal: The above analysis results should be captured into the TR.
4. Conclusion

Based on the above discussions, our proposals are provided in the following:
Observation: Model #2 would be the baseline for supporting the dual connectivity.
Proposal: The above analysis results should be captured into the TR.
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