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1. Introduction

The contribution discusses the protocol architecture for the relay both in the control plane and in the user plane. One principle in this discussion paper is that the architecture should be designed in such a manner that the impact/change is minimized. 
2. Discussion on the user plane architecture
By introducing the RN, new interface called Un needs to be standardized. Brief discussion on Un bearer last meeting made couple of decisions. First off, it has been decided to use PDCP/RLC/MAC like protocols over the Un interface. It doen’t mean however that the Un interface would look like Uu interface. Uu bearer is a part of a EPS bearer that is between UE and P-GW. On the other hands, Un bearer could be designed as a pure L2 link between D-ENB and RN (hereafter alternative 1) or as a part of EPS bearer between RN and P-GW (hereafter alternative 2). In the latter case, RN is just an UE in the bearer point of view so that the bearer establishment is done with the current procedure. Two alternatives are discussed further below.
Alternative 1

In the alternative 1, Un bearer is a L2 link between the RN and the ENB as shown in the figure 1. 
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Fig. 1 Protocol structure of the alternative 1
The Un bearer highlighted yellow is a L2 link that provides data transmission/reception service between RN and D-ENB. Currently no procedure is defined to establish L2 link, hence new procedure might be added for Un bearer establishment. LTE PDCP in the Un bearer should be able to provide header compression to maintain the overhead in an acceptable level. Note that without header compression, the overhead could be more than 80 byte per VoIP packet. No additional functions are expected for PDCP/RLC/MAC at this point of time. The only difference is that much more packets could be processed in the Un interface than in the Uu interface. 
D-ENB would be required to differentiate the incoming packets and route them to the proper Un bearers (if they are destined to RN) or to the proper Uu bearers (if the packets are destined to other UEs under the D-ENB). This could be seen as a new function. Figure 2 shows how the downlink traffic is handled in the alternative 1. 
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Fig. 2 DL traffic handling of the alternative 1

When an IP packet arrives to the P-GW, the packet based on the destination address and other information is put into the GTP tunnel which has been established during the EPS bearer setup. The packet will be routed to the S-GW via the GTP tunnel, and S-GW will perform the GTP swithing by replacing the destination address to the IP address of the RN (which is the end point of the tunnel). 
D-ENB receives the IP packet and route it to the proper Un bearer. Since D-ENB is an normal ENB for other EPS bearers, all the downlink IP packets to the UEs under the D-ENB will be destined to the D-ENB itself in transport layer IP address. However if an IP packet is destined to the RN, D-ENB is not the end point of the IP packet hence D-ENB should be able to perform sort of routing function. 

One prerequisite is that all the IP packets destined to RN(hence to the UEs under the RN) should be routed through the D-ENB in IP transport level. This could be achieved if the IP address of the RN belongs to the subnet of the D-ENB, or additional IP tunneling might be required to ensure it. 
Observations from the alternative 1 are listed below.
· New procedure to establish the Un bearer is required.
· PDCP in the Un bearer should be able to support the header compression.
· Existing PDCP/RLC/MAC is used over Un interface.

· D-ENB is required to perform routing function to route the IP packets to Un bearer or Uu bearer based on e.g. destination IP address of the packet.
· All IP packets to the RN should be routed through the D-ENB in IP transport level. 

Alternative 2
In alternative 2, Un bearer is part of EPS bearer that is established between RN and S/P-GW.
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Fig. 3 Protocol structure of the alternative 2
The Un bearer is a Uu bearer for the EPS bearer highlighted green in the figure. The Un bearer and the corresponding EPS bearer could be estalbished during when RN first attached to the netwokr, and the Un bearer/EPS bearer of the RN will carry the EPS bearers of the UE to be established in the future. It should be noted that Un interface is identical with that of the alternative 1, so all the comments valid for alternative 1 regarding Un interface would also be valid for the alternative 2. Figure 3 shows how the downlink traffic is handled in the alternative 2.
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Fig. 4 DL traffic handling of the alternative 2
When an IP packet for a UE arrives to the P-GWUE, the packet is routed to the RN which is the GTP tunnel end point of the UE specific EPS bearer. This means that IP packet for the UE will be sent out by the S-GWUE with the destination address of RN, thus the packet will automatically routed to the P-GWRN. The packet will be routed to the D-ENB  through the GTP tunnel established for the RN, then sent to the RN over the Un bearer. 

As one can see, there are two GTP tunnels in the alternative 2. One GTP tunnel is between D-ENB and P/S-GWRN which is RN specific tunnel. The other tunnel is between RN and P/S-GWRN which is UE specific. It should be noted that the header processing described in the figure 4 is a general consequence of the GTP operation when one GTP tunnel is mapped to the payload of another GPT tunnel. 
One apparent drawback of alternative 2 is that traffic handling is not efficient in the corenetwork. More specifically, IP packets are routed through two more hops  between S-GWUE and D-ENB and additional header overhead is added there. 
One other benefit of the alternative 2 is that RN mobility is generally supported by the UE mobility procedure because RN itself is an UE in mobility point of view. 
Observations from the alternative 2 are listed below.

· Un bearer is established using the current EPS bearer setup procedure.
· PDCP in the Un bearer should be able to support the header compression.

· Existing PDCP/RLC/MAC is used over Un interface.

· Packets to the UEs under RN are routed inefficiently with more overhead in the core network. 
· RN mobility support is achieved by the existing UE mobility procedure.
3. Discussion on the control plane architecture
There could be many candidates in control plane architecture. For example one can consider to terminate S1AP/X2AP in the D-ENB with a new control protocol between RN and D-ENB. We believe the most important factor for the control plane architecture is the simplicity and the reusability. In that sense, the most feasible architecture would be to terminate S1AP/X2AP in the RN. Then, RN is a normal ENB in UE specific S1/X2 procedure so that the need to introduce the new procedure/protocol would be minimized. 
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Fig 5. Protocol structure of the control plane
The architecture shown above is applicable both to the alternative 1 and to the alternative 2. However it should be noted that P-GWRN is placed between D-ENB and MME/Target ENB in the alternative 2.  S1/X2 messages are seen as a normal IP packet destined to the RN by the D-ENB therefore D-ENB performs a router function. 
4. Proposal
For the user plane architecture, it is proposed to discuss two alternatives presented in section 2. The comparison table is shown below. It is further proposed to acknowledge that two alternatives are working fine and to be considred for the UP architecture decision.

	
	Alternative 1
	Alternative 2

	Pros
	· Efficiency in the core network
	· No new procedures to establish Un bearers

· RN moblity support comes free

	Cons
	· New procedure to establish Un bearers

· IP routing restriction (all the packets should be routed through D-ENB)
	· Inefficiency in the core network 


For the control plane architecture, it is proposed to agree on the principle that S1/X2 for the UE under the RN is terminated in the RN.
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