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Discussion 
1 Introduction

For UP architecture, two alternatives can be considered; RAN split and CN split. In this contribution, possible protocol stacks are discussed for each alternative. 
2 Discussion
In a single EPS bearer perspective, protocol stack means PDCP/RLC/MAC/PHY. If the EPS bearer traffic is to be served in the small ENB, the question would which protocol entities are in the macro ENB and which are in the small cell. Definitely, PHY should be in the both nodes. Then 3 possible options remain. 
To achieve the max throughput even from a single EPS bearer, multiple DRBs (i.e. multiple PDCP/RLC entities) or multiple logical channels (i.e. multiple RLC entities) per EPS bearer could be considered. Comparing to the conventional approach of having single PDCP/RLC per EPS bearer, we can call it multi-PDCP/RLC model. 
Figure 1 shows all the possible options. 
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Note: only in a single EPS bearer perspective.
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Option A` is for CN split and others are for RAN split. Option A` and Option A are same in UE perspective, hence not need to be discussed separately. 
Tables below summarize the options.

<Table 1>
	
	Impact to PDCP/RLC/MAC (NW side; non-security aspects)

	Option A
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	· IP packet over X2 interface
· PDCP retransmission is required when SCell is added/removed

	Option B
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	· PDCP PDU over X2 interface (GTP update is needed).
· PDCP retransmission is required when SCell is added/removed

· PDCP PDU out-of-sequence reception over X2 may occur because current X2 TLN does not provide in-sequence delivery. As a consequence, HFN de-synchronization could occur for RLC UM bearer  

	Option C
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	· RLC PDU over X2 interface (GTP update is needed)
· RLC PDU out-of-sequence reception over X2 is possible because current X2 TLN does not provide in-sequence delivery.. As a consequence, t-Reordering needs to be adjusted upon SCell addition/release
· Dynamic RLC PDU size adaptation is not possible. To address this issue, one can consider introducing RLC re-segmentation function in small ENB. Then re-segmentation overhead is added. 

· Scheduling algorithm in the small ENB needs to be updated. ENB schedules based on MAC SDUs stored in MAC buffer instead of RLC SDU and PDCP PDU/SDU 

· MAC buffer is required

· Distribution function below RLC, which should communicate with schedulers in both ENBs to distribute packets properly

	Option D
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	· IP packet over X2 interface
· Above-PDCP level retransmission is required when SCell is added/removed. (New retransmission layer may be required)
· Distribution function over PDCP, which should communicate with schedulers in both ENBs to distribute packets properly

	Option E
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	· PDCP PDU over X2 interface (GTP update is needed).

· PDCP retransmission is required when SCell is added/removed

· PDCP PDU out-of-sequence reception over X2 may occur. As a consequence, HFN de-synchronization could occur for RLC UM bearer

· Distribution function below PDCP, which should communicate with schedulers in both ENBs to distribute packets properly 


<Table 2>

	
	Impact to PDCP/RLC/MAC (UE side; non-security aspects)

	Option A
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	· PDCP retransmission is required when SCell is added/removed

· Serving cell specific LCP

	Option B
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	· PDCP retransmission is required when SCell is added/removed

· PDCP PDU out-of-sequence reception may occur. As a consequence, HFN de-synchronization could occur for RLC UM bearer. PDCP reordering function is required.
· Serving cell specific LCP

	Option C
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	· RLC PDU out-of-sequence reception may occur. As a consequence, t-Reordering needs to be adjusted upon SCell addition/release
· Distribution function below RLC, which should communicate with schedulers in both ENBs to distribute packets properly

	Option D
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	· Above-PDCP level reordering is required
· Above-PDCP level retransmission is required when SCell is added/removed. (New retransmission layer may be required)
· Distribution function over PDCP, which should communicate with schedulers in both ENBs to distribute packets properly

	Option E
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	· PDCP reordering needs to be updated (current reordering does not work)

· PDCP retransmission is required when SCell is added/removed

· Distribution function below PDCP, which should communicate with schedulers in both ENBs to distribute packets properly 


<Table 3>
	
	Throughput/Interruption

	Option A
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	[Throughput]

· One EPS bearer transmitted/received by a single serving cell. Cannot achieve the maximum throughput with a single EPS bearer
[Interruption]

· Data transmission/reception for the EPS bearer is interrupted during SCell addition/release
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	Option B
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	[Throughput]

· One EPS bearer transmitted/received by a single serving cell. Cannot achieve the maximum throughput with a single EPS bearer
[Interruption]

· Data transmission/reception for the EPS bearer is interrupted during SCell addition/release
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	Option C
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	[Throughput]

· One EPS bearer transmitted/received by both serving cells. Possible to achieve the max throughput with a single EPS bearer
· Max throughput is achieved only if there is no HARQ/ARQ level retransmission. Once happens, the delayed packet will block all the subsequent packets from being processed.

[Interruption]

· Data transmission/reception for the EPS bearer is not interrupted during SCell addition/release
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	Option D
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	[Throughput]

· Same as Option C

[Interruption]

· Same as Option C

	Option E
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	 [Throughput]

· Same as Option C & D

[Interruption]

· Same as Option C & D


<Table 4>
	
	Security

	Option A
	· Key needs to be stored in the Small ENB
· Current KeNB is exchanged over X2 (if the same key is used) or repeated KeNB derivations/two key set used simultaneously in UE perspective (if different key is used)

	Option B
	· No security concern

	Option C
	· No security concern

	Option D
	· Same as Option A

	Option E
	·  No security concern


<Table 5>
	
	Other features in small ENB

	Option A
	· Local Break Out in small ENB is possible
· Smart caching/proxy is possible in small ENB

· Traffic shaping is possible in small ENB

	Option B
	· Local Break Out in small ENB is not possible
· Smart caching/proxy is not possible in small ENB

· Traffic shaping is not possible in small ENB

	Option C
	· Local Break Out in small ENB is not possible
· Smart caching/proxy is not possible in small ENB

· Traffic shaping is not possible in small ENB

	Option D
	· Local Break Out in small ENB is possible
· Smart caching/proxy is possible in small ENB

· Traffic shaping is possible in small ENB

	Option E
	·  Local Break Out in small ENB is not possible
· Smart caching/proxy is not possible in small ENB

· Traffic shaping is not possible in small ENB


<Table 6> 
	
	Option A
	Option B
	Option C
	Option D
	Option E

	Impact (NW side)
	Good
	Good
	Bad
	Bad
	Bad

	Impact (UE side)
	Good
	Bad
	Good
	Bad
	Bad

	Interruption/Throughput
	Bad
	Bad
	Good
	Good
	Good

	Security
	Bad
	Good
	Good
	Bad
	Good

	Other features
	Good
	Bad
	Bad
	Good
	Bad


The importance of each item wouldn’t be equal. Comparing options by counting the number of ‘Good/Bad’ may not be the way to go. One thing that has not been captured in the table above is that option D and E breaks the current framework of single EPS bearer- single PDCP entity- single RLC entity. It may or may not be a big problem, but we like to avoid a risk that may bring unexpected impact to UE implementation. The real difference between options in terms of throughput/interruption may not be significant; Small cell will provide much better throughput in general, which narrow the throughput differences between options. The interruption during SCell addition/release wouldn’t be noticeable in user perspective for all options. 
3 Conclusion
It is proposed to discuss the analysis provided in the discussion section. It is further proposed to see if it is possible to remove some of options from the table.
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