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1. Introduction
From the discussions so far on relay architecture in both RAN2 and RAN3, 4 alternatives [1] have been described and compared. This contribution looks at the EPS Bearer Service architecture issues for the relay architecture alternatives and describes how the bearer service architecture might impact the final choice of relay architecture alternative.  
2. Discussion
2.1 EPS Bearer Service Architecture
As illustrated in Figure 1 [2], to generate a LTE End-to-end service for an application in a UE an EPS bearer, S5/S8 bearer, E-RAB, S1 Bearer and Radio bearer are configured. The Radio Bearer is established by the eNB. The S1 bearer and S5/S8 bearer are set up with the assistance of the core network.
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Figure 1 EPS Bearer Service Architecture
When a relay node is introduced into the UTRAN, an additional Radio Bearer is required for the Un interface between the DeNB and the RN. This Un Radio Bearer has to be potentially used for many UEs served by the RN. 
For the discussion so far on relays, 4 alternative architectures have been described:

Alt.1: Full-L3 relay, transparent for DeNB

Alt.2: Proxy S1/X2 (RN looks like cell under DeNB to MME)

Alt.3: RN Bearers terminate in RN

Alt.4: S1 termination in DeNB

The following 4 diagrams show how the EPS bearer service architecture will be impacted by the 4 alternatives.
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Figure 2 EPS Bearer Service Architecture for ALT.1
The impact of Alt.1 is shown in figure 1. The S1 bearer for the UE served by a RN (between the RN and the S-GW) is realised by using an EPS bearer. This EPS bearer between the RN and the RN’s P-GW is constructed with an E-RAB (consists of a Radio Bearer for the Un and an S1 bearer) and an S5/S8 bearer. An IP TNL is used between the RN’s P-GW and the UE’s S-GW. 
This architecture requires an EPS bearer to be setup for the S1 bearer between the RN to the S-GW.
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Figure 3 EPS Bearer Service Architecture for ALT.2
Figure 3 shows the impact of Alt.2 to the EPS bearer service architecture. In this architecture there are 2 S1 bearers, one between the S-GW and the DeNB and one between the DeNB and the RN. 

In this architecture there are 2 S1 bearers and both will have to be constructed with GTP-u/UDP/IP protocols.
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Figure 4 EPS Bearer Service Architecture for ALT.3
Figure 4 shows the EPS bearer service architecture for Alt.3. This architecture is similar to Alt.1, except that the S-GW and P-GW functions are co-located inside the DeNB. 

Locating the EPS bearer and S5/S8 Bearer into the DeNB would be expected to provide lower latency than for Alt.1. Functionally, from the perspective of the EPS bearers this alternative can be seen as an implementation optimisation of Alt.1. 
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Figure 5 EPS Bearer Service Architecture for ALT.4
Figure 5 shows the EPS bearer service architecture for Alt.4. This architecture requires that 2 radio bearers are setup for both Un and Uu radio interfaces. 
This architecture may require the control information for the Uu radio bearer to be passed through the Un radio bearer and vice versa. 

3. Summary 
We have shown the how the bearer service architecture might impact the final choice of relay architecture alternative.

1) For Alt.1, the architecture requires an EPS bearer to be setup for the S1 bearer between the RN to the S-GW.

2) For Alt.2, there are 2 S1 bearers in the architecture and both will have to be constructed with GTP-u/UDP/IP protocols.

3) Alt.3 locates the EPS bearer and S5/S8 Bearer into the DeNB, and it would be expected to provide lower latency than for Alt.1. Functionally, from the perspective of the EPS bearers this alternative can be seen as an implementation optimisation of Alt.1.

4) For Alt.4, the architecture may require the control information for the Uu radio bearer to be passed through the Un radio bearer and vice versa.
We would like to propose that the comparison described in this paper be included in the internal TR on relays.
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