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1. Introduction
One objective of the Small Cell Enhancement (SCE) Higher Layer SI is to evaluate the potential architecture and protocol enhancements to support dual connectivity. Dual connectivity means that the UE is served by MeNB and at least one SeNB. Thus three options for splitting the U-Plane data are addressed below [1]:

-
Option 1: S1-U also terminates in SeNB;

-
Option 2: S1-U terminates in MeNB, no bearer split in RAN;

-
Option 3: S1-U terminates in MeNB, bearer split in RAN.

Option1 can be seen as CN route architecture, and Option2 and Option3 can be seen as RAN route architectures. Considering U-plane protocol stack (e.g. PDCP termination or RLC termination), Option2 and option3 can be further distinguished as the following alternatives [1]:
-
2A: S1-U terminates in MeNB + no bearer split in MeNB + independent PDCP at SeNB;

-
2B: S1-U terminates in MeNB + no bearer split in MeNB + master-slave PDCPs;

-
2C: S1-U terminates in MeNB + no bearer split in MeNB + independent RLC at SeNB;

-
2D: S1-U terminates in MeNB + no bearer split in MeNB + master-slave RLCs;

-
3A: S1-U terminates in MeNB + bearer split in MeNB + independent PDCPs for split bearers;

-
3B: S1-U terminates in MeNB + bearer split in MeNB + master-slave PDCPs for split bearers;

-
3C: S1-U terminates in MeNB + bearer split in MeNB + independent RLCs for split bearers;

-
3D: S1-U terminates in MeNB + bearer split in MeNB + master-slave RLCs for split bearers.

In this contribution, we will analyze the pros/cons of the optional RAN route alternatives for U-plane protocol architecture and give our preference on the solutions.
2. Discussion
2.1. RAN route architecture without bearer split
As shown above, there are four alternatives in this architecture set#2: Option 2A, Option 2B, Option 2C, and Option 2D.

For Option 2B, actually there are two PDCP entities at network. One is called as master PDCP entity located in the MeNB (Master eNB), and another is called as slave PDCP entity located in the SeNB (Secondary eNB). Considering the relationship between MeNB and SeNB, for the radio bearer delivered on the SeNB, the security mechanism (e.g. ciphering/deciphering) and header compression algorithm might be managed by MeNB, and other PDCP functions might reside in the SeNB, such as processing PDCP PDU, timer based discard, and etc. However, more details on the functional split between Master and Slave PDCP still need to be clarified and provided. Considering the time scale and the complexity to support Master-Slave PDCP architecture, spending more time to discuss Option 2B may not be proper. And compared with other Options from set#2, the functional split of 2B seems not essential, and no clear improvements are observed so far. Thus, we prefer not to consider Option 2B. 
Then, the down-selection is conducted among the remaining three alternatives of set#2. The comparison of the set#2 remaining alternatives is shown below.
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Figure 1: Option 2A, 2C, 2D
Table 1: Comparison of user plane alternatives of architecture set#2.
	
	Option 2A
	Option 2C
	Option 2D

	Security impact
	Impact on security due to distributed PDCP
	No impact
	No impact

	Data forwarding 
at SeNB change(DL)

	Bad (PDCP SDU forwarding from old SeNB to new SeNB)
	Good (no data forwarding)
	Good (no data forwarding)

	New protocol modification
	No impact
	little impacts to PDCP
	RLC protocol split scheme

Re-segmentation  function in SeNB

Maybe extension RLC SN space


Based on the comparison result shown in Table 1, Option 2C is better as it can provide better UE/network performance, less complexity, and less protocol modification. 
Proposal1: RAN2 is suggested to down-select the UP protocol architecture set#2 to Option 2C.

2.2. RAN route architecture with bearer split
As shown above, there are four alternatives obtained as this architecture set#3: Option 3A, Option 3B, Option 3C, and Option 3D.

Firstly, Option 3B should be ruled out for the same reason as for Option 2B. Thus, we only need to do the down-selection for the remaining alternatives of set#3. 
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Figure 2: Option 3A, 3C, 3D
Compared to architecture set#2, the architecture set#3 supports bearer split. It means that the traffic belonging to the same EPS bearer would be delivered over both the MeNB and the SeNB. Hence, additional complexity and challenge to support the necessary functionality for barer split should be studied, and the brief comparison between the set#3 remaining alternatives is shown below. 
Table 2: Comparison of user plane alternatives of architecture set#3.
	
	Option 3A
	Option 3C
	Option 3D

	Security impact
	Impact on security due to distributed PDCP
	No impact
	No impact

	Data forwarding 
at SeNB change(DL)

	Maybe bad (PDCP SDU forwarding from old SeNB to new SeNB)
	Good (no data forwarding)
	Good (no data forwarding)

	Logical channel prioritization impact
	LCP impact in the uplink
	LCP impact in the uplink
	No impact

	New protocol modification
	New layer above PDCP required for reordering
	Flow control may be not required
	Flow control is required. 

RLC protocol split scheme

Re-segmentation  function in SeNB

Maybe extension RLC SN space


Based on the comparison result shown in Table2, Option 3C is better as it can provide better UE/network performance, less complexity, and less protocol modification. 
Proposal2: RAN2 is suggested to down-select the UP protocol architecture set#3 to Option 3C.

Proposal3: Three optional architecture alternatives need to be further studied, i.e. Option1A, Option 2C, and Option3C.
3. Conclusion
According to the analysis in section 2, we have the following observations and proposals:
Proposal1: RAN2 is suggested to down-select the UP protocol architecture set#2 to Option 2C.

Proposal2: RAN2 is suggested to down-select the UP protocol architecture set#3 to Option 3C.

Proposal3: Three optional architecture alternatives need to be further studied, i.e. Option1A, Option 2C, and Option3C.
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