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1   Introduction

Relaying is considered for LTE-Advanced as a tool to improve e.g. the coverage of high data rates, group mobility, temporary network deployment, the cell-edge throughput and/or to provide coverage in new areas ‎[1] . In the type 1 relay architecture discussion, only the single-hop Relay is studied so far. However in some application scenarios, such as providing coverage in new areas, it’s possible for the multi-hop relay to be deployed.
The objective of this contribution is to analyze the multi-hop relay supporting issues. Section 3 describes how to extend the current four architecture alternatives to support multi-hop for the C-plane and U-plane interfaces, and Section 4 gives a concise comparison of the main alternatives in multi-hop case.
2   Multi-hop Relay support analysis
The following is agreed in previous meetings ‎[2]

 REF _Ref237407867 \r \h 
 \* MERGEFORMAT ‎[3]:

· The only type of Relay studied is type 1 inband relay, i.e. where Relay node implements its own separate cell. 

· Interface between Relay Node and Donor eNB is called Un

· Uu Control plane (RRC) and User-plane (PDCP/RLC/MAC/L1) are terminated in Relay Node.
· Un will use RRC (for the RN in its role as UE), potentially with some enhancements.
The nodes and interfaces over the air interface are defined as following:

[image: image1]
Figure 1: Nodes/interfaces definition in two-hop case
In case of multi-hop, RN will access the network via other RN. The nodes and interfaces over the air interface in multi-hop case can be viewed as following:
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Figure 2: Nodes/interfaces definition in multi-hop case

We assume that the agreements above are also applicable in the multi-hop relay case. Based on this assumption, how to extend the main four architecture alternatives to support multi-hop for the C-plane and U-plane interfaces are described during the subsequent sections.
2.1   Full L3 relay - architecture option 1
2.1.1   C-plane interface
In this alternative, the C-plane of S1 interface and TNL reliability function, i.e. SCTP are terminated at the RN. The S1-AP messages sent between the MME of UE and the RN are delivered via DeNB and Relay’s P/S-GW ‎[4]. The Relay’s P/S-GW maps the S1-AP/SCTP/IP packets as external bearer to the EPS bearer of RN established between RN and Relay’s P/S-GW. The DeNB treats these packets as normal packets for the RN and transfers them via PDCP over the Un interface. Based on this design principle, we can achieve the C-plane protocol stack of architecture alternative 1 in multi-hop case.
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Figure 3: C-plane protocol stack of architecture alternative 1 in multi-hop case
The AS of UE over control plane is terminated in the RN2. The RN2 constructs the S1AP message and transfer to RN1. RN1 treats the S1AP/SCTP/IP as normal IP packets and forwards to EPS.
2.1.2   U-plane interface

In this alternative, the U-plane of S1 interface is terminated at the RN. The case is very similar with the C-plane case. The only difference is that RN2 encapsulate the IP packets from the UE into the GTP tunnel, instead of constructing the S1AP signalling.


[image: image4.emf]L1

IP

L2

L1 L1

L2

RN1’s PGW/SGW SGW of UE

GTP

UDP

UDP/IP

L1

MAC

RLC

PDCP

L1

Donor-eNB

L1

MAC

RLC

L1

MAC

RLC

IP

IP

L2

GTP-U

IP

L2

IP

UDP/IP

GTP-U

PDCP

PDCP

UE

L1

MAC

RLC

PDCP

IP

PDCP

L1

MAC

RLC

PDCP

IP

UDP

GTP

RN2

RN1

UDP

GTP-U

L1

L1

L2

RN2’s PGW/SGW

L2

IP

IP

IP

UDP

GTP-U

L1

MAC

RLC


Figure 4: U-plane protocol stack of architecture alternative 1 in multi-hop case
Hence on the backhaul link between the Donor-eNB and the RN1, there are nested GTP/UDP/IP headers. The PDU format is as shown in following figure.
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Figure 5: The PDU format between the Donor-eNB and RN1
Based on the former analysis, it can be concluded that when the architecture alt1 is to be extended to support multi-hop relay case, there are two main problems: one is the nests header overhead and another is that it impossible to differentiate S1AP signalling in the intermediate RN.
2.2   Proxy S1/X2 - architecture option 2
2.2.1   C-plane interface
In this architecture, the donor eNB consists of the following functionalities i.e. the eNB, the PGW of RN and the HeNB GW.  The S1-AP messages are sent between the MME and the DeNB, and between the DeNB and the RN ‎[4]. In multi-hop case, there are two options for the location of the PGW of RN

· The PGWs of all the RN are integrated in the donor eNB.
· The superordinate RN acts as the donor eNB (the eNB, the PGW and the HeNB GW functionalities) of its subordinated RN ‎[5]

 REF _Ref237665310 \r \h 
 \* MERGEFORMAT ‎[6].
In case of the former option, considering communication between the HeNB GW and HeNB on the IP layer, it’s better for the HeNB GW functionality to be located behind the of PGW functionality. Then the S1AP/SCTP/IP packet of RN2 is transferred by the RN1 as normal IP packet of RN2 in a GTP tunnel.
In case of the latter option, the protocol stack will be clear. But the PGW of RN is located in the RN1, while the MME of RN is located in the wired network, it will be difficult for the two nodes to communicate on the IP layer.
During the following description, the second option is taken as assumption.
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Figure 6: C-plane protocol stack of architecture alternative 2 in multi-hop case
2.2.2   U-plane interface
In this alternative, the U-plane of S1 interface is terminated at the RN and the DeNB. In multi-hop case, the superordinate RN can acts as the donor eNB (with the eNB, the PGW and the HeNB GW functionalities) of its subordinate RN, which enables the IP layer communication between the RN and its immediate node (RN or DeNB).
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Figure 7: C-plane protocol stack of architecture alternative 3 in multi-hop case
2.3   RN bearers terminate in DeNB - architecture option 3
In this architecture, the donor eNB consists of the following functionalities i.e. the eNB and the PGW of RN. In multi-hop case, there are two options for the location of the PGW of RN

One option for this alternative is similar with the architecture alternative 1, except the PGWs of all the RNs are integrated into the donor eNB.
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Figure 8: C-plane protocol stack of architecture alternative 3 in multi-hop case
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Figure 9: U-plane protocol stack of architecture alternative 3 in multi-hop case
In this option, the main difference between alt2 and alt3 in multi-hop case is that location of the GW of RN. In alt2, the PGW functionality is integrated into its direct superordinate node. In alt3, the PGW of all the RN are integrated into the DeNB.
The alt 3 can also work in a different way to support multi-hop. In the multi-hop case, RN1 can be seen as the donor of RN2 and performs the IP forwarding like a real donor eNB, then for multi-hop the SGW/PGW functionality has to be integrated in every node (RN or DeNB) that works as a donor.
2.4   S1 termination in DeNB - architecture option 4
2.4.1   C-plane interface
In case of the “S1 termination in DeNB” alternative, the S1AP should be transferred to each of RN to make decision on the configuration and relative RRC signalling is used to configure the air interface between itself and its subordinated node over the control plane.
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Figure 10: C-plane protocol stack of architecture alternative 4 in multi-hop case
The RN1 receives the S1AP signalling via the RRC between the RN1 and donor eNB, then the UE-specific S1AP is transferred to RN2 via RRC between RN1 and RN2 with some modification, which will be used in the management on UE.
2.4.2   U-plane interface
In case of the “S1 termination in DeNB” alternative, either the Uu RB or the Un RB is one segment of the UE radio bearer. The two segments are two equivalent parts over the air interface. This alternative can be easily extended to the multi-hop case.
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Figure 11: U-plane protocol stack of architecture alternative 4 in multi-hop case
In the figure above, the DRB of UE are divided into three segments i.e. the Uu DRB, the Un DRB (between RN1 and donor eNB) and the DRB segment between RN1 and RN2. The immediate RN extracts the IP packet from the PDCP layer and transfers to the next hop over PDCP layer.
Hence on the backhaul link between the Donor-eNB and the RN1, the PDU format is as shown in following figure, which is same as that on the link between the RN1 and RN2 as well as the access link between UE and RN2.
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Figure 12: The PDU format between the Donor-eNB and RN1

2.5   Comparison
This section summarizes some features of the alternatives while supporting the multi-hop case. Table 1 shows the concise comparison of the alternatives.
Table 1: Multi-hop supporting comparison
	
	Alt 1
	Alt 2
	Alt 3
	Alt 4

	Impact on protocol stack
	It can be easily extended to multi-hop case
	Two different variations exist according to the location of LBO PGWs
	Two different variations exist according to the location of LBO PGWs
	It can be easily extended to multi-hop case

	Latency
	Larger than others, for the sake of extra PGW
	Only one hop latency over the air interface added
	Same as alt2
	Same as alt2

	TNL overhead
	Largest, increase in proportion to the RN number 
	Small overhead, independent of the  RN number
	Largest, increase in proportion to the number
	No extra overhead


3   Conclusion

In this document we analyzed the the multi-hop relay supporting issues in different relay architecture alternatives. The protocol stacks for the C-plane and U-plane interfaces are described. 
Considering all the aspects, it’s concluded that the alt4 exceeds the other alternatives in multi-hop case.
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