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1. Introduction
This contribution attempts to list up the issue regarding the backhaul for enhanced small cell deployment. The listed issue needs to be taken into account when RAN2 attempts to narrow down the number of architecture alternatives. The issues and proposals may be a candidate issues to be confirmed or studied in RAN3.
2. Backhaul issue list
1. Backhaul throughput
Increasing throughput by utilizing radio resource across two different eNBs with non-ideal backhaul was identified as a challenge in small cell deployment [1]. Especially for U-plane architecture alternative where the S1-U traffic is routed to MeNB before sent via SeNB, one aspect that makes this challenge even worse is the assumption of backhaul with poor throughput such that it becomes the bottleneck of end-to-end throughput performance. This assumption would lead into a wrong perception that utilization of radio resources across two different eNBs would have no meaning since anyway there is a bottleneck in the backhaul.
In the study item TR [2], the backhaul types to be prioritized are listed. Some of the backhaul types in the list have quite poor throughput (e.g., 10Mbps) compare to the Uu interface (e.g., 150 Mbps for 20MHz system bandwidth with 2x2 MIMO). Thus, this kind of backhaul assumption will necessitates study of new functionality such as X2 flow control, which may not be necessary. Considering that the small eNB deployment will be under operator control and bearing in mind that the purpose of dual connectivity (aggregating resources in different eNBs) is to ensure mobility robustness and at the same time to improve user throughput, backhaul types with poor throughput provisioning capability should not be taken as typical assumption. As also indicated in [3], the assumption that the throughput provided by the backhaul should be the same or higher than that of Uu interface, should be taken. 
Proposal1: 
It is proposed for RAN2 to agree that for SCE study item that it is assumed that  throughput provided by the backhaul should be the same or higher than that of Uu interface.
2. Backhaul delay

In the initial discussion of LTE architecture, RAN3 has concluded that the typical delay of X2 IF is in order of 10ms to 20ms [4]. However, the minimum delay value of the backhaul types listed in the study item TR [2] is 60ms. Backhaul delay may have impact the performance in C-plane and U-plane architecture. For C-plane architecture, as discussed in [5] depending on the allocation of RRM and RRC protocol, the delay for radio resource allocation and configuration may be foreseen. However, since the signalling for MeNB and SeNB interaction is expected to be “slow”, signalling delay in order of 10ms to 20ms may not bring severe impact. For U-plane architecture, our contribution in [3] shows that backhaul delay up to 60ms bring no big degradation on the achieved user TCP throughput when the traffic is sent with delay from the SeNB compared to when sent directly from MeNB.
Furthermore, the assumption that small cell deployment will be in operator’s control applies also here. Thus, sensible operation by not utilizing backhaul with too poor delay provision is expected if the operator truly wishes to achieve mobility robustness and throughput improvement with small cell deployment.
Proposal 2: 
It is proposed to confirm that for small cell deployment the same backhaul delay order as the one concluded in initial LTE study can be applied. 
3. Backhaul packet loss rate
In the initial discussion of LTE architecture, RAN3 concluded that the packet loss rate in X2 interface is expected to be rare [6]. Based on the operation of LTE network, we also confirm that the packet loss occurrence within the network is rare such that no impact is foreseen in user TCP throughput. In addition, the assumption that the small cell deployment is under operator control applies also here.
Proposal 3: 
It is proposed to agree on the assumption that packet loss in the interface between MeNB and SeNB is rare.
4. Different backhaul used for S1 and X2

During the discussion in the previous RAN2 meeting, there was some opinion hinting that there could be deployment where in small cell deployment the backhaul used for S1 can be different from the one used for X2. For example the MeNB and SeNB are connected with the X2 using DSL but both eNBs are using fiber access for S1. This kind of assumption may lead to an inaccurate decision making when deciding the direction of SCE architecture. In our view, the last mile (both S1 and X2) of an eNB will use the same backhaul type, and therefore the above assumption is not correct.
Proposal 4: 
It is proposed to confirm the assumption that the backhaul type used by an (M/S)eNB for S1 and X2 are of the same type.
5. Network Domain Security/ IPsec

The requirement of NDS/IP applied to LTE network is likely to apply also to the network for small cell deployment. The realization of IPsec protection in the network is implementation/operation dependent issue. This section attempts to clarify that IPsec realization method is not a deciding factor to narrow down the number of architecture alternatives in terms of protocol entity allocation. The following are used as examples: 
· (Example 1) U-plane data is terminated in both MeNB and  SeNB
· (Example 2) U-plane data is routed to MeNB before sent via SeNB 
Note that since all C-plane architecture alternatives assume only one S1 connection for a UE, the application of IPsec for C-plane architecture alternatives are similar with example 1.
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Fig. 1: Example 1 (IPsec for architecture where U-plane data is terminated in both MeNB and  SeNB) 　

Fig.2: Example 2 (IPsec for architecture where U-plane data is routed to MeNB before sent via SeNB)
IPsec can be applied using tunnel mode (IPsec is terminated between eNB and  a SecGW in the NW) and transport mode (IPsec is terminated between end nodes). In this example, the tunnel mode application is shown since typically operator network deploy this option for cost reason (i.e., concentrated processing gain). Figure 1 and 2 show IPsec tunnel mode realization for example 1 and 2 respectively. IPsec is performed in IP layer of the transport network between the nodes (in this case eNBs and SecGW). The processing in the eNB is done after (for UL packet) or before (for DL packet) the processing of L23 protocol. The IPsec processing in example 1 is similar with processing of IPsec for packets sent on S1 I/F, and in example 2 is similar with the processing of IPsec for packets sent on X2 I/F. Therefore, there is no direct relation between IPsec processing and how the L23 protocol is modelled (e.g., whether the bearer is split in RAN/CN level or whether the eNB uses legacy protocol stack or single PDCP with master/slave RLC or dual PDCP, etc.) .
Proposal 5:
 It is proposed to confirm that the realization of IPsec application for enhanced small cell deployment does not have any direct impact to architecture (i.e., protocol entity allocation and modelling) for SCE.
3. Summary and Proposal
This document listed up and discussed issues regarding to backhaul for enhanced small cell deployment. The following are proposed:

Proposal1: 
It is proposed for RAN2 to agree that for SCE study item that it is assumed that  throughput provided by the backhaul should be the same or higher than that of Uu interface.

Proposal 2: 
It is proposed to confirm that for small cell deployment the same backhaul delay order as the one concluded in initial LTE study can be apply, i.e., 10 – 20 ms.

 Proposal 3: 
It is proposed to agree on the assumption that packet loss in the interface between MeNB and SeNB is rare.

Proposal 4: 
It is proposed to confirm the assumption that the backhaul type used by an (M/S)eNB for S1 and X2 are of the same type.
Proposal 5:
 It is proposed to confirm that the realization of IPsec application for enhanced small cell deployment does not have any direct impact to architecture (i.e., protocol entity allocation and modelling) for SCE.
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