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Discussion and Decision
1. Introduction
RAN2#82 has agreed 9 options for user plane traffic and captured in the TR36.842. Further, RAN2 agreed that it is assumed that there will be only one S1-MME Connection per UE (FFS: requires confirmation by RAN3). In this contribution we look into the interfaces in EUTRAN for this Small cell Enhancement and including the design of Xn interface between MeNB and SeNB based on above agreements.
2. Discussion
Xn interface is assumed to exist between Master eNB(MeNB) and Secondary eNB(SeNB), which consists of control plane and user plane. The following chapters discusses the relevant topics.
2.1 Security Aspect

Xn interface is expected to have C-plane and U-plane protocol stacks. It is also expected that same level of security is available as it is available for S1 and X2 i.e. IPSec tunnel establishment should be possible. 
Proposal 1: Xn interface will have same level of security as S1 or X2 interface.
2.2 Control plane

For C-Plane, RAN2 agreed that it is assumed that there will be only one S1-MME Connection per UE pending confirmation by RAN3. From RAN3 perspective, this RAN2 assumption is thought feasible because having more than one S1-MME Connections per UE will result in a very complicated system e.g. need to always synchronize between MeNB and SeNB for the control plane aspect and will also impact the EPC very much. 
Proposal 2: it is propose to take the working assumption (or even agreement) that there is only one S1-MME Connection per UE.

This working assumption of having a single S1-MME Connection per UE will result in no S1-MME connection in the SeNB for a UE involved in dual connectivity. As a result, C-plane over Xn interface will be required to at least allow the bearers management function which includes:
· Establishment of radio bearers 
· Modification of radio bearers 
· Release of radio bearers.  
Proposal 3: it is proposed to identify that the bearer management function will be needed in Xn interface.
In order to realize the bearer management function over Xn interface, there are two possibilities: 

· re-use of X2-AP, or

· New AP layer. 
If new AP layer will be taken, other functions that have been existing in current X2AP may need to be carefully handled in order to avoid duplication. This should be discussed further.
 Proposal 4: it is proposed to set an open point on the realization of functions in Xn.
2.3 User plane

RAN2 agreed 9 alternatives for U-Plane and table below lists analysis for each alternative. The main points discussed are the need of flow control over Xn and if GTP can be reused over Xn. GTP T-PDU carries PDCP SDU over X2 interface and Xn interface should be able to use GTP in case PDCP SDUs need to be carried over between MeNB and SeNB. However, there are few architecture options under discussion in RAN2 whereby traffic is split between MeNb and SeNB below PDCP layer and in this case GTP T-PDU cannot be PDCP SDU. So, RAN3 can either wait for RAN2 to conclude the architecture discussions or start analysing all architecture options. We think it would be good if RAN3 can analyse all architecture options.

	U-Plane alternative
	Xn-C plane requirement in addition to C-plane section
	Xn-U plane requirement

	Alternative -1A


[image: image1.emf]MeNB

PDCP

RLC

MAC

SeNB

PDCP

RLC

MAC

S1 S1



	Since one S1-MME Connections per UE assumed, SeNB will need to derive bearer parameters from S1-MME parameters which are received by MeNB. So Xn C-plane will reuse S1-MME bearer management IEs.
	S1 U-plane directly terminated at MeNB and SeNB and hence no user plane traffic over Xn is expected. However, during handover from a SeNB to other SeNB, similar handling as X2 interface is expected.

	Alternative -2A
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	Same as 1A
	GTP-U can be used to carry U-plane packets to SeNB. Compared to X2 interface, large capacity may be required over Xn as currently X2 carries user plane traffic only during handover. No flow control is necessary between MeNB and SeNB because no bearer splitting is assumed in this case and MeNB is acting as a router. 


	Alternative 2B

Currently RAN2 TR does not capture the details but involves a master/slave PDCP
	
	Flow control may be necessary based on if MeNB PDCP is responsible for in-sequence delivery.

	Alternative -2C
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	Bearer management over Xn. For example, parameters needed to configure RLC and lower layers in the SeNB for a bearer. 
	Flow control may be necessary to avoid RLC buffer overflow e.g. due to air interface capacity. Need to discuss how to carry PDCP PDU (as T-PDU in GTP if GTP is used in Xn)

	Alternative 2D
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	Bearer management over Xn. For example, parameters needed to configure part of RLC and lower layers in SeNB. 
	It is FFS which entity will run ARQ? If MeNB RLC runs ARQ then no need for separate flow control mechanism. Further discussion required on how to carry RLC PDU (as T-PDU in GTP)

	Alternative 3A
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	Bearer management over Xn. In addition, traffic split ratio needs to be discussed because SeNB may have independent RRM and would like to reserve its resources according to the split ratio. 
	An extra entity in MeNB may be necessary to ensure in sequence delivery so that UL packets are delivered to S-GW in sequence. Flow control over Xn may be necessary.

	Alternative 3B

Pending
	
	

	Alternative 3C
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	In principle Same as 3A
	Same as 2C. In addition, transportation of RLC SDU over Xn interface shall be discussed further.

	Alternative 3D


[image: image7.emf]MeNB

PDCP

RLC

MAC

SeNB

PDCP

RLC

MAC

S1

Xn

RLC

MAC


	In principle same as 3A
	Same as 2D


Observation 1: Alternative 2B, 2C, 2D, 3A, 3C and 3D may need flow control between MeNB and SeNB. Bearer management over Xn may need some radio layer 2 (e.g. PDCP, RLC, MAC) information which is not available in S1-MME procedures. Transferring of radio layer 2 PDU (i.e. PDCP PDU, RLC PDU) over Xn need to have further study e.g. whether to use GTP or new frame protocol.
Observation 2: in addition, alternative 3A may need an extra entity in MeNB to ensure in sequence delivery of UL packets to S-GW from MeNB.

Observation 3: Alternative 1A and 2A do not require flow control between MeNB and SeNB, it is possible to reuse GTP as transport of packets, and re-use existing S1-MME procedures for bearer management.
3. Conclusion

Based on above discussion, we propose and observe the following:

Proposal 1: Xn interface will have same level of security as S1 or X2 interface.
Proposal 2: it is proposed to take the working assumption (or even agreement) that there is only one S1-MME Connection per UE.

Proposal 3: it is proposed to identify that the bearer management function will be needed in Xn interface.
Proposal 4: it is proposed to set an open point on the realization of functions in Xn.
Observation 1: Alternative 2B, 2C, 2D, 3A, 3C and 3D may need flow control between MeNB and SeNB. Bearer management over Xn may need some radio layer 2 (e.g. PDCP, RLC, MAC) information which is not available in S1-MME procedures. Transferring of radio layer 2 PDU (i.e. PDCP PDU, RLC PDU) over Xn need to have further study e.g. whether to use GTP or new frame protocol.

Observation 2: in addition, alternative 3A may need an extra entity in MeNB to ensure in sequence delivery of UL packets to S-GW from MeNB.

Observation 3: Alternative 1A and 2A do not require flow control between MeNB and SeNB, it is possible to reuse GTP as transport of packets, and re-use existing S1-MME procedures for bearer management.
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