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1
Introduction

One aspect to study in small cell enhancements is the radio protocol and network architecture [1]. While the former are addressed in [2] and [3] for the U-Plane and C-Plane respectively, this paper focuses on the network architecture issue, namely, how a Secondary eNB (SeNB) connects itself toward the CN and proposes to capture the alternatives in the study.
2
Network architecture alternatives 
To support small cell deployments, there can be different alternatives with respect to how the SeNB is connected with the core network.

In this paper, we consider (at least) the following alternatives for dual connectivity:

-
Dual connectivity with dual radio connection;

-
Dual connectivity with single radio connection. 

With single radio connection, UE has physical radio connection to SeNB only. On the other hand, with dual radio connection, UE has physical radio connection to two different eNBs (Master eNB (MeNB) and SeNB). Furthermore, different radio protocols may terminate in different eNBs [4].

2. 1

Alternative 1: SeNB has direct S1-U connection to CN for dual radio connection
In alternative 1 as shown in Figure 1, SeNB has S1-U connection to CN per UE without S1-MME connection in case of dual connectivity with dual radio connection. Instead there is an Xn interface between MeNB and SeNB. This Xn interface is for control plane (Xn-C) signalling transmission. For dual radio dual connection, UE C-plane is connected to MME only via MeNB whereas U-plane may have connections to both MeNB and SeNB. S-GW sees two GTP-U tunnel endpoints per UE in both MeNB and SeNB. Xn-C is needed for MeNB to control the SeNB for offloading purpose. In this alternative for dual connectivity support, bearer splitting at MeNB is not supported and SeNB may route the user data directly to CN without aggregation by MeNB.
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Figure 1.  Alternative 1 SeNB has direct S1-U connection to CN for dual radio connection
In case of dual connectivity with single radio connection to SeNB, there are two options in alternative 1. One option is that the SeNB has its own S1-MME/S1-U connection to CN per UE (legacy architecture assumed). The other option is that U-plane is directly connected to S-GW from the SeNB per UE whereas C-plane is connected via MeNB using Xn-C interface, i.e. same mechanism as dual radio connection. Both options should be supported and operator can select an approach to connect Rel12 non-CA capable UEs as well as legacy UEs to CN.
2.2

Alternative 2: SeNB has no direct S1 connection to CN for dual radio connection
In alternative 2 as shown in Figure 2, the SeNB is connected to the MeNB via Xn interface and has neither direct S1-MME nor S1-U interface towards the CN in case of dual connectivity with dual radio connection. In this alternative, dual radio connectivity can be supported by using Xn interface transparently to CN nodes such as S-GW. E-RAB offloading can be supported by SeNB but still concentrated at MeNB via Xn interface. There is only one S1-MME signalling connection with MME per UE. However, as pointed out in [5], the backhaul capacity between the MeNB and the first intermediate router towards the S-GW need to account for the traffic between the MeNB and the SeNB. Another aspect for this alternative, in terms of dual radio connection, is that bearer splitting at MeNB, which increases the per-user throughput by flexible management of bearer, is possible.
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Figure 2.  Alternative 2 SeNB has no direct S1 connection to CN for dual radio connection
Similar to alternative 1, there are two options in alternative 2 with single radio connection to SeNB. One option is that the SeNB has its own S1-MME/S1-U connection to CN per UE (legacy architecture assumed). The other option is that both C-plane and U-plane are connected via MeNB per UE using Xn-C/U interface, i.e. same mechanism as dual radio connection. Both options should be supported and operator can select an approach to connect Rel12 non-CA capable UEs as well as legacy UEs to CN.
2.3

Pros. and Cons. of different alternatives

Legacy architecture alternative which requires a UE to be connected via two S1-MME interfaces from MeNB and SeNB could be considered. However, this would require major changes in the CN as currently MME cannot associate UE context data with multiple S1-MME connections i.e. UE cannot be served in multiple eNBs/Cells at the time. According to the discussion outcome in RAN2 #81bis, for dual connectivity, only one S1-MME signalling connection is sufficient and this will be confirmed with RAN3. Therefore, this paper excludes the legacy architecture alternative.
Based on the analysis in Section 2, the pros. and cons. of alternative 1 and 2 are summarized in the table below. 

	Criteria
	Option 1
	Option 2

	Backhaul related
	User traffic on S1-U
	No need to route the SeNB traffic via the MeNB:

· For dual connectivity capable UEs enables selective MeNB offloading per a bearer service
	Need to route the SeNB traffic via MeNB:

· Direct Xn backhaul links are desired unless the latency can be kept as low

	
	Signalling on S1-MME
	Partially reduced as SeNBs are hidden below the MeNB but SeNB changes necessitate path switch signalling
	Reduced as SeNBs are hidden below the MeNB

	
	Xn-C signalling
	Needed
	Needed

	
	Xn-U traffic
	Not needed
	Needed

	Complexity
	Impact to MeNB
	Management of SeNB resources over new Xn Interface

· Management of dual-connectivity UEs

· Enhanced bearer management
	Management of SeNB resources over new Xn Interface

· Management of dual-connectivity UEs

· Bearer splitting possible
· Enhanced bearer management

	
	Impact to SeNB
	Yes (new entity)
	Yes (new entity)

	
	Impact to MME
	No (path switch procedure looks like Intra eNB HO)
	No

	
	Impact to S-GW
	No (path switch is fully in control of MME)
	No

	
	Impact to UE
	New features to be specified in Rel-12 UEs for dual-connectivity

No, on legacy UEs
	New features to be specified in Rel-12 UEs for dual-connectivity

No, on legacy UEs

	Bearer splitting at MeNB
	No
	Yes

This increases the per-user throughput by flexible bearer splitting.

	Selective E-RAB offloading
	Yes
	Yes


It would be good to study the network architecture alternatives to deal with the challenges, e.g. hide small cell mobility from CN to decrease the signalling impact to CN when mobility happens. Additionally, increasing the per-user throughput is one of the important aspects of this study. On the other hand, a direct S1-U tunnel from a SeNB enables offloading MeNB by configuring the S1-U routing per a bearer service. For both alternatives, single radio connection can be supported by S1-MME/S1-U to MME/S-GW per UE or same mechanism as dual radio connection. Hence comes to our proposal:

Proposal 1: Considering the support of dual connectivity, we propose to include alternative 1 and 2 for small cell enhancements study item.

Proposal 2: For single raido connection, we propose to include both options (S1-MME/S1-U to CN and same mechanism as dual radio connection) in small cell enhancements study item.

3
Proposals
In this paper, alternatives for connecting the SeNB towards the CN were studied:

Alternative 1: SeNB has direct S1-U connection to CN per UE (without S1-MME) for dual radio connection;
Alternative 2: SeNB has no direct S1 connection to CN for dual radio connection.

For both alternatives, single radio connection to SeNB can be supported by S1-MME/S-U to MME/S-GW per UE or same mechanism as dual radio connection.
Proposal 1: Considering the support of dual connectivity, we propose to include alternative 1 and 2 for small cell enhancements study item.

Proposal 2: For single radio connection, we propose to include both options (direct S1-MME/S1-U to CN and same mechanism as dual radio connection) in small cell enhancements study item.
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