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1 Introduction 
Last RAN3 meeting has achieved baseline draft [1]. A baseline alternative as well as two optimized option has been proposed. These alternatives has been well discussed and clarified in last RAN2 meeting and concluded in [2]. This contribution adopts RAN2 term in the following discussion, and for better understanding:
· “Full-L3 RN ”refers to Baseline alt in [1]

· “RN bearers terminated in DeNB” solution refers to Opt 1 in [1]

· “Proxy S1/X2” solution refers to Opt2 in [1]

However, none of the alternative is able to surpass the rest under all circumstance. Each alternative has its superiority in some aspects (e.g. UE mobility, QoS management, TNL overload etc.). If a Relay system could support more than one alternative simultaneously, it may benefit from the coexistence of different Relay architecture alternatives by carefully applying appropriate architecture depend on the scenario.
This contribution discusses on supporting different alternatives in one system, and the details on some hybrid architecture example.

2 Discussion
Among the Relay architectures on the table, PGW (/SGW) is either located in EPC (e.g. Full-L3 Relay in [2]) or locally on DeNB (e.g. Proxy S1/X2 solution or RN bearers terminate in DeNB solution in [2]). Data from UE is encapsulated into Relay’s own user data and forwarded. Thus the selection of PGW for Relay has an impact on packet routing and data forwarding of UEs. 

As defined in [3], a UE may establish multiple PDN connections. This leads the Relay to connect with multiple PGWs (when starting up as legacy UE).  For signaling and data from UE, Relay may select different PDN connection on distinct procedure.
In the following, the coexistence of different alternatives is explained with two example hybrid systems.
2.1 Example Hybrid Architecture 1: Full-L3 RN supporting partial RN bearers terminated in DeNB
As described in [2], a Full-L3 Relay selects a PGW located in EPC. All the UE associated signaling and data are further tunneled to this PGW first. Analysis in [4] concludes that this architecture “becomes less efficient in case of packet forwarding at handover”. To enhance this architecture, we introduce a PDN connection between Full-L3 Relay with a Local Breakout PGW resided in DeNB. X2 interface with DeNB and other eNBs will be setup through this connection. As a result, data forwarding path is identical to a “RN bearers terminated in DeNB” solution, which is much more efficient. An overview of this structure can be found in Figure 1.
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Figure 1. Overview of Hybrid architecture 1

This hybrid system inherits all the natures from Full-L3 Relay solution but with optimization on forwarding path in handover case, which is a big drawback of Full-L3 Relay

2.1.1 Start up of the Full-L3 RN supporting partial RN bearers terminated in DeNB (Non-UE associated procedure)

A Full-L3 Relay with partial RN bearers terminated in DeNB starts up as illustrated in Figure 2. 
· Relay attaches with PGW/SGW located in EPC and establishes basic connectivity (marked as IP Connection 1) in the same way defined in “Start up of the RN” part in [2]. Further procedure as O&M system authenticating, configuration downloading as well as S1 setup for Relay are carried on upon this connection.  

· Relay requests for additional IP connectivity (marked as IP connection 2). With a certain indication (e.g. APN selected by Relay), the MME is aware that the requested PDN connectivity should be established locally and selects PGW resided in DeNB. X2 interfaces with DeNB and other eNB are setup upon this connection.
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Figure 2: Start up procedure of the RN supporting partial RN bearers terminated in DeNB.
2.1.2 UE access and mobility of the Full-L3 RN supporting partial RN bearers terminated in DeNB
UE accesses this hybrid system exactly the same way as accessing a Full-R3 Relay [2], except Relay need to determine the IP connection 1 to bear all UE associated signaling and data packets. The lower part of Figure 3 shows the signaling sequence of an X2-handover:  Relay determines the IP connection 2 for bearing X2 signaling. The data forwarding path is also established with direct break out from DeNB. 
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Figure 3: UE access and X2-handover procedure in the Full L3 RN supporting partial RN bearers terminated in DeNB.
2.2 Example Hybrid Architecture 2: Full-L3 RN supporting Proxy S1/X2
Full-L3 Relay could also cooperate with the DeNB with S1/X2 proxy function. Two PDN connections are established simultaneously. The one between Relay and local PGW in DeNB (IP connection 2) carries all signaling (S1/X2), while the other one between Relay and PGW in EPC (IP connection 1) carries UE data. An overview of this structure can be found in Figure 4.
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Figure 4. Overview of Hybrid architecture 2

Because UE data is also forwarded through core network, this hybrid solution has same features as Full-L3 Relay on user plan, e.g. QoS control or Un overhead. While on the control plane, it looks the same as Proxy S1/X2 solution. 

X2 interfaces are setup through local breakout PGW, thus the forwarding path is again shorten compared with a pure Full-L3 Relay. However, the shortcut feature in handover of Proxy S1/X2 is lost. On the other hand, anchoring UE data flow at a point in core network makes the supporting of mobile Relay much easier than pure Proxy S1/X2 solution.  
2.2.1 Start up of the Full-L3 RN supporting Proxy S1/X (Non-UE associated procedure)
In this solution, Relay starts up almost the same as 2.1.1: establishing two PDN connections with PGW in EPC and DeNB respectively. The only difference is that S1setup is performed between RN and DeNB due to the proxy function of DeNB (see Figure 5).
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Figure 5: Start up procedure of the RN supporting Proxy S1/X2.
2.2.2 UE access and mobility of the Full L3 RN supporting Proxy S1/X2
Both the UE access and X2-handover procedure are exactly the same as the Proxy S1/X2 solution. All signaling is terminated on (and forwarded through) DeNB (see Figure 6). These procedures are carried on IP connection 2. A considerable point is that Relay should response the UE context setup with the address for IP connection 1. Then the packet routing will pass PGW of Relay resided in core network.
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Figure 6: UE access and X2-handover procedure in the Full L3 RN supporting Proxy S1/X2.
3 Conclusion 
In this contribution we have discussed that hybrid Relay system may benefit from the coexistence of different alternatives by carefully applying appropriate architecture depend on the scenario. Coexistence could be achieved with Relay establishing multiple PDN connections. The service or procedure running on different connection should be carefully defined. Two examples of hybrid system have been elaborated above. However, we hope this contribution could interest others and start discussions on this topic to come up with more solutions.:
In general, we kindly ask RAN3 to consider and discuss how to coexist Relay possible architecture alternatives.
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