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1. Introduction
There are proposals regarding U-Plane architectures for supporting “dual connectivity” in the previous meeting [Ref1–Ref-7]. This contribution looks at the proposed protocol stack and provides our analysis in terms of (1) system complexity and impact, (2) system capacity by utilising radio resources in more than one eNB, and (3) per-user throughput by utilising radio resources in more than one eNB, taking into the challenges agreed in the last meeting below.
	Challenges agreed in the last meeting:

1. Mobility robustness

2. Difficulty to improve system capacity by utilizing radio resources in more than one eNB => (UP related)
3. Small cell discovery

4. Frequent handovers (CN signalling / path switch)

5. Difficulty to improve per-user throughput by utilizing radio resources in more than one eNB => (UP related)
6. Network planning and configuration effort.


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

	U-Plane protocol architecture in the case of RAN split
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	1. System complexity and impact
- This model is expected to require minor impacts on E-UTRAN and UE since this model is already supported for carrier aggregation in Rel-10/Rel-11.

- The non-ideal backhaul deployment could not be supported due to the increase of HARQ RTT in MAC.
2. System capacity by utilizing radio resources in more than one eNB

- The backhaul capacity gives negative impacts on the backhaul overhead e.g. the frequency of scheduling information exchange between PHY and MAC, and MAC PDU forwarding over the backhaul.

3. Per-user throughput by utilizing radio resources in more than one eNB

- The backhaul latency gives negative impacts on the fast packet scheduling in MAC e.g. the timely CSI usage and the timely HARQ operation for the small cell.

	#2
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	1. System complexity and impact
- This model is expected to require impacts on E-UTRAN and UE since this model is not supported for carrier aggregation in Rel-10/Rel-11.

- All types of backhaul could be supported.

2. System capacity by utilizing radio resources in more than one eNB
- The backhaul capacity gives negative impacts on the backhaul overhead e.g. the frequency of scheduling information exchange between MAC and RLC, and the RLC PDU forwarding over the backhaul.

3. Per-user throughput by utilizing radio resources in more than one eNB
- The backhaul latency gives negative impacts on the fast packet scheduling e.g. timely TBS (Transport Block Size) information and parameter setting regarding reordering due to the long RLC RTT.

	#3
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	1. System complexity and impact
- This model is expected to require impacts on E-UTRAN and UE since this model is not supported for carrier aggregation in Rel-10/Rel-11.

- All types of backhaul could be supported.

2. System capacity by utilizing radio resources in more than one eNB
- The backhaul capacity gives negative impacts on the backhaul overhead e.g. the frequency of scheduling information exchange between RLC and PDCP, and the PDCP PDU forwarding over the backhaul.
3. Per-user throughput by utilizing radio resources in more than one eNB
- The backhaul latency gives negative impacts on the fast packet scheduling in MeNB e.g. pushing down PDCP PDU to RLC layer.
- Throughput is decreased when there is packet loss over the backhaul since the retransmission is not supported in PDCP layer so that the retransmission has to be down by e.g. TCP.

	#4
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	1. System complexity and impact
- This model is expected to require impacts on E-UTRAN and UE since this model is not supported for carrier aggregation in Rel-10/Rel-11 but RN architecture may be reused for small cell bearers.
- All types of backhaul could be supported.

- There are two PDCP entities in each eNB, which may have impacts on security function of PDCP e.g. two security settings are needed.

- There is no coordination between CN and RAN so that RAN level dual connectivity can’t be provided.
2. System capacity by utilizing radio resources in more than one eNB
- For the downlink, the data distribution from S-GW to each eNB couldn’t be performed based on the radio conditions of both MeNB and SeNB so that the system capacity may not be increased.

3. Per-user throughput by utilizing radio resources in more than one eNB
- Throughput is decreased when there is packet loss over the backhaul since the retransmission is not supported in PDCP layer so that the retransmission has to be down by e.g. TCP.
- For the downlink, the data distribution from S-GW to each eNB couldn’t be performed based on the radio conditions of both MeNB and SeNB so that throughput is decreased when e.g. large amount of data is distributed to one of the eNBs with bad radio conditions.

	U-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 significant impacts on the CN since each S1-U has to be established for one UE.
- All type of backhaul could be supported.

- There is no coordination between CN and RAN so that RAN level dual connectivity can’t be provided.
2. System capacity by utilizing radio resources in more than one eNB
- For the downlink, the data distribution from S-GW to each eNB couldn’t be performed based on the radio conditions of both MeNB and SeNB so that the system capacity may not be increased.

3. Per-user throughput by utilizing radio resources in more than one eNB
- Throughput is decreased when there is packet loss over the backhaul since the retransmission is not supported in the PDCP so that the retransmission has to be down by e.g. TCP.
- For the downlink, the data distribution from S-GW to each eNB couldn’t be performed based on the radio conditions of both MeNB and SeNB so that throughput is decreased when e.g. large amount of data is distributed to one of the eNBs with bad radio conditions.


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