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1 Introduction
Relay deployment scenarios have been discussed in RAN1/2/3[1][2], and operators propose to give prioritisation order to some scenarios, among which emergency or temporary coverage and wireless backhaul only would have multi-hop deployment. At RAN3#64, group have reached a baseline [3] and multi-hop in the list of consideration for further study. This contribution would like to discuss potential multi-hop solutions.
2 Discussion
2.1 Nested architecture
Full-L3 relay is assumed architecture as RAN3 baseline. In this architecture DeNB and the EPC provide backhaul connectivity for the relay as normal UE. All signalling or user plane packets of UE under Relay are treated as traffic of RN, and transported between RN and EPC via RN E-RAB which consist of a DRB and a S1 Tunnel. When RN2 connect to RN1 depicted in figure1, RN1 acting as DeNB treats RN2 as a normal UE. All RN2 related signalling go through RN1 DRB and RN1 S1 Tunnel. This contribution assumes RN1 and RN2 connecting the same relay MME and relay SGW/PGW. As RN2 starting up procedure completed, RN1 and EPC would provide backhaul connectivity for RN2 by RN E-RAB. So RN2 S1 tunnel would be nested in RN1 DRB and S1 tunnel as shown in figure1. When UE connected from RN2, UE S1 bearer would be nested in RN2 S1 tunnel which carried by RN1 S1 tunnel. The more hops chained, the less efficient of Un and RN1 S1 tunnel will be.
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One of optimization is collapse the RN’SGW/PGW functionality into DeNB. Without S1 tunnel of RN1, the nested problem on Un interface is still exist (fig2). Comparing to assumed architecture, nested overheads are only removed from path within transport network due to localized RN SGW/PGW (i.e. DeNB). 
2.2 Flat architecture
In order to reducing nest overhead describe above, flat architecture can be achieve by introducing more function on RN e.g. SGW/PGW function. Every RN act as DeNB and local SGW/PGW to next RN makes architecture more flatter and can be concatenated hop by hop. 
2.2.1 Router-like
In this option, every RN acts as an IP router forwarding IP packet from one side to another. As shown in Figure 2, RN2 have its own IP address and can be access directly by any other node in the network.

[image: image2.emf]Transport network

MME

SGW/PGW

RN1

DeNB

10.10.10.1

10.10.10.111

10.10.10.112

10.10.10.5 10.10.10.7

RN2


Figure 2
Access procedure of RN2 is depicted in Figure 3. In order to achieve network topology in figure 2, RN2 should be allocated an IP address and all routing tables of passing routers should be updated. Upon attaching, RN2 would create default bearer on RN1 as localized SGW/PGW. Before send create default bearer response, RN1 acting as UE gets an IP from its SGW/PGW (i.e. DeNB) by establish multi-PDN connectivity. RN1 DRB-2 is created in multi-PDN attachment of “RN1_UE”, and carries all packets related to the new assigned IP. Then RN1 can response default bearer request by RN2 and return the IP as “RN1_SGW/PGW”. After RN2 attach complete, RN2 DRB is full IP fledged eNB and can setup S1/X2 with corresponding nodes. With the max number of simultaneous multi-PDN connections and DRBs, the number hops would be limited. 
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Figure 3
2.2.2 GW-like
Another option is RN acts as GW for next hop. Since gateway definition is a protocol translation/mapping node interconnects networks with different network protocol technologies by performing the required protocol conversions. Typically, gateway converts one protocol stack into another. They can be homogeneous or heterogeneous networks. In Figure 4, DeNB is a GW convert protocol in transport network to/from network1, and RN1 translate protocol in network1 to/from network2.
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Figure 4
Every GW in this option would convert protocols between two networks it connected in stead of simply forwarding packets as router in 2.2.1. For example RN1 can setup triplets mapping/translation table, such as <IP1, UDP port1, GTP-U TEID1> to <IP2, UDP port2, GTP-U TEID2> to translate packets from network1 to network2, and vice versa.
Figure 5 provides the procedure of RN2 access as an UE, created default bearer would be relayed by DeNB to RN1, and RN1 can allocate IP in network2. In this solution RN1 does not need to perform multi-PDN connectivity acting as UE in 2.2.1, because RN1 allocated IP address locally.
Then corresponding S1 UE context setup procedure could be start by Relay MME upon receiving response of default bearer create. After processing the message, RN2 DRB would be concatenated to RN1 DRB1. Every new procedure such as S1 setup started and relayed by RN1 and DeNB, corresponding mapping/translation relation would be created. When UE connected by RN2, user plane packets would be carried by Uu DRB and concatenated three tunnels (Fig 5) subsequently. 
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Figure 5
3 Summary
This contribution shows some potential multi-hop solutions, we propose.
Proposal: discuss Multi-hop RN solution above and included into relay TR.

4 References

[1] R1-082975, “Application Scenarios for LTE-Advanced Relay”, China Mobile, Vodafone, Huawei
[2] R3-091228, “Relay Requirements & Use Case Study in LTE-Advanced”, NTT DOCOMO.
[3] R3-091447, “LTE-A RAN3 Baseline Document”, RAN3 LTE-A Rapporteur.







1/5
2009-08-19

_1312045764.vsd
�

RN1_DeNB
SGW/PGW


DeNB


Relay
SGW/PGW


UE MME


UE
SGW/PGW


RN2


RRC Setup


Attach


Create Bearer


UE Context Setup


RRC Reconfiguration


UE


RN1 DRB


RN1 S1 Tunnel


RN2 DRB


RN2 S1 Tunnel


UE DRB


UE S1 Tunnel


RN1_UE


RN1




Relay
MME


Relay SGW/PGW could integrate into DeNB



_1312046045.vsd
�

�

X2  Setup


Create Default Bearer Response


UE Context Setup


RRC Reconfiguration


S1 Setup


 Create Default Bearer Request 


Attach


DeNB SGW/PGW


Relay
MME


UE 
MME


UE
SGW/PGW


UE


RN2


RRC Setup


PDN  Connectivity Request 


E-RAB Setup


RRC Reconfiguration


Create Default Bearer


UE DRB


RN1 DRB-1


RN1 DRB-1


RN1 DRB-2


RN2 DRB


UE S1 Tunnel


RN1




RN1_DeNB
SGW/PGW


RN1_UE



_1312046260.vsd
�

Create Default Bearer


Create Default Bearer


UE Context Setup


UE Context Setup


RRC Reconfiguration


S1 Setup


S1 eNB Configuration Update


S1 eNB Configuration Update


Attach


DeNB SGW/PGW


Relay
MME


UE 
MME


UE
SGW/PGW


UE


RN2


RRC Setup


RN1 DRB


RN1 DRB


RN2 DRB


UE DRB


UE S1 Tunnel-1


UE S1 Tunnel-2


UE S1 Tunnel-3


RN1




RN1_DeNB
SGW/PGW


RN1_UE



_1311661523.vsd

_1311665045.vsd

