Nokia Internal Use Only
Nokia Internal Use Only

3GPP TSG-RAN WG2 Meeting #82
R2-131907
Fukuoka Japan, 20 May - 27 May 2013
Agenda item:

7.2
Source:
Nokia Corporation, Nokia Siemens Networks 
Title:
Discussion on different backhaul alternatives for small cell enhancements
Document for:
    Discussion
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 later, namely, how a small cell eNB (SeNB) connects itself toward the CN. Because this aspect typically falls under RAN3 responsibility, it is provided for information only.
2
Different backhaul alternatives 
To support small cell deployments, there can be different alternatives with respect to how the small cell eNB is connected with the core network.
In this paper, we consider single connectivity to be something resembling release 9 UE behaviour where UE only connects to an eNB (serving cell) in the physical and higher level as well as on U-plane and C-plane. For dual connectivity we consider (at least) the following alternatives:

-
Dual connectivity with dual radio connection;
-
Dual connectivity with single radio connection. 

With dual radio connection, UE has physical radio connection to two different network nodes (e.g., eNBs). Furthermore, different radio protocols may terminate in different network nodes (eNB) [5].
2.1

Alternative 1: SeNB has direct S1 connection to CN
In alternative 1 shown in Figure 1, the SeNB has its own S1 connection to CN.  Over S1, both control plane (S1-MME) and user plane (S1-U) are carried.  As analysed in [4], for this alternative to support dual connectivity, there needs to be two S1-MME signalling connections for one UE, which is currently not feasible. Besides, in this option,  support of dual connectivity needs to involve CN nodes e.g. MME and S-GW, which seems to contradict the objective of SCE SI to minimize the signalling impact towards CN.
Alternative 1 supports single radio operation in a legacy manner: UE would be connected to either the small cell or the macro cell. To support dual connectivity, alternative 1 would require a single UE to be connected via two S1 interfaces. 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.
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Figure 1.  Alternative 1 SeNB has S1 backhaul to CN with both S1-MME and S1-U
2. 2

Alternative 2: SeNB has direct S1-U connection to CN
In alternative 2 as shown in Figure 2, SeNB has S1 connection to CN but only S1-U is established with S-GW.  There is no control plane connection (S1-MME) between SeNB and MME.  Instead, there is an Xn interface between MeNB (Macro eNB) and SeNB.  This Xn interface is mainly for control plane (Xn-C) signalling transmission.
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Figure 2. Alternative 2 SeNB has S1 backhaul to CN with S1-U only (without S1-MME)
In this alternative, S-GW sees two GTP-U tunnel endpoints in both MeNB and SeNB.  Xn-C is needed for MeNB to control the SeNB for offloading purpose.

Alternative 2 with single radio connection to small cell implies a C/U-plane split: U-plane is directly connected to S-GW from the SeNB whereas C-plane is connected via MeNB. For dual radio dual connectivity, UE C-plane is connected to MME only via MeNB whereas U-plane may have connection to both macro and SeNB.
2.3

Alternative 3: SeNB has no direct S1 connection to CN
In alternative 3 as shown in Figure 3, the SeNB is connected to the MeNB and has no direct S1 interface towards the CN (no S1-U, nor S1-MME).
In this alternative, both dual and single radio connectivity can be supported which is transparent to CN nodes such as S-GW.  E-RAB offloading can be supported by SeNB but still concentrated at MeNB via Xn interface.  For both single and dual radio connectivity, there is only one S1-MME signalling connection with MME and MME may be unaware whether UE is having dual or single radio connectivity. However, as pointed out in [6], 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.
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Figure 3.  Alternative 3, SeNB backhaul concentrated by MeNB
2.4

Pros. and Cons. of different alternatives
Based on the analysis in Section 2, the pros. and cons. of Alternative 1, 2 and 3 are summarized in the table below. 
	
	Pros.
	Cons.

	Alternative 1
Direct S1 connection for SeNB
	No need to route the SeNB traffic via the MeNB.
	Dual connectivity operation in different nodes requires CN involvement:
· Two S1-MME interfaces exposed  to MME is not preferred per RAN2 #81bis agreement;
· Does not fully hide small cell mobility to CN, may not realize the objective of minimizing signaling towards CN


	Alternative 2
Direct S1-U connection only for SeNB
	No need to route the SeNB traffic via the MeNB:
· For dual connectivity capable UEs enables selective MeNB offloading per a bearer service
· Tolerates higher latency backhaul
	Dual connectivity operation in different nodes requires CN involvement:
· Does not fully hide small cell mobility to CN, may not realize the objective of minimizing signaling towards CN



	Alternative 3
No Direct S1 connection for SeNB
	· Can support single/dual connectivity without involving CN nodes:For dual connectivity capable UEs enables selective MeNB controlled offloading per a bearer service

· MeNB controlled offloading of single connectivity capable UEs to use SeNB resources

· All the benefits of dual connectivity can be realized, e.g., offloading radio resources or CA-like gains
· Can hide small cell mobility to CN
 
	Potential S1 backhaul load & Macro-eNB load:
· Xn backhaul links  are desired when thelatency can be kept low


Considering the challenge acknowledged in the email discussion regarding to the “increased signalling load due to frequent handover” [7], we think it would be good to study the backhaul alternatives to deal with the mentioned challenge, e.g. hide small cell mobility from CN (alternative 2) to decrease the signalling impact to CN when mobility happens. On the other hand a direct S1-u tunnel from a SeNB enables offloading MeNB, so it may be advisable to support both alternatives 2 and 3 with MeNB to configure the S1-u routing per a bearer service. Hence comes to our proposal:
Proposal 1: Considering the support of dual connectivity, we propose to include alternative 2 and 3 for small cell enhancements studies jointly with RAN3.

3
Local IP breakout as an add-on feature 
The main drawback of the 3rd alternative is the potential increase in backhaul capacity requirements between the MeNB and the first intermediate router towards the S-GW. In order to address that aspect, local IP breakout could be considered in addition (actually to any alternative) to provide a backhaul off-loading option.  As shown in Figure 4, for alternative 3, some traffic can optionally be offloaded by SeNB directly without user plane traversing via the Mobile Operator’s transport network at all. In this alternative, added functionality is needed for local IP breakout bearer management. This requires specifying some additional functions in MeNB, SeNB and UEs.
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Figure 4. Local IP breakout as an add-on feature for Alternative 3
Proposal 2: We propose to discuss whether local IP breakout should be studied as an add-on feature.

4
Proposals
In this paper, alternatives for connecting the SeNB towards the CN were studied:

Alternative 1: SeNB has direct S1 connection to CN;
Alternative 2: SeNB has direct S1-U connection only to CN;
Alternative 3: SeNB has no direct S1 connection to CN.
In order to minimse the impacts towards the CN, three proposals were made:
Proposal 1: Considering the support of dual connectivity, we propose to include alternative 2 and 3 for small cell enhancements studies jointly with RAN3.

Proposal 2: We propose to discuss whether local IP breakout should be studied as an add-one feature.
Proposal 3: The architectural issues described in this contribution should be liaised with RAN3 (for action) and SA2 (for information).

References

[1] RP-130336
Updated work plan proposal for higher layer study of small cell enhancements - NTT DOCOMO, INC.
[2] R2-131108
C-plane alternatives for dual connectivity – Nokia Corporation, Nokia Siemens Networks
[3] R2-131054
Data split options and considerations on U-plane protocol architecture for dual-connectivity - Nokia Siemens Networks, Nokia Corporation
[4] R2-130228
Analysis of inter-node signalling load for mobility mechanism in small cell deployment – Huawei, HiSilicon
[5] R2-130453
Discussion on small cells dual connectivity – Nokia Corporation, Nokia Siemens Networks
[6] R2-130099
Preliminary discussion on inter-ENB Carrier Aggregation - Samsung

[7] R2-131138
Summary of email discussion [81#32] LTE/SCE: Analysis of expected challenges in small cell deployments - NTT DOCOMO, INC.

[8] R1-130816   LS on scenarios for Small Cell Physical Layer Enhancements, - NTT DOCOMO, INC
Nokia Internal Use Only
Nokia Internal Use Only

_1429601970.vsd
MME/S-GW


MeNB


SeNB


S1-MME/S1-U


S1-U


UE


Alternative 1b


Xn-C



_1429601971.vsd
MME/S-GW


MeNB


SeNB


S1-MME/S1-U


UE


Alternative 2a


Xn-C/U



_1429601972.vsd
MME/S-GW


MeNB


SeNB


S1-MME
/S1-U


UE


Xn-C/U


Local Network



_1429601969.vsd
MME/S-GW


MeNB


SeNB


S1-MME/S1-U


S1-MME/S1-U


UE


Alternative 1a



