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1. Introduction

In the last RAN WG2 and RAN WG3 meetings, the discussion for the LTE-Advanced relay architecture was triggered with the LS from RAN WG1. It is expected that the Uu interface between the UE and the relay would be the same or very similar to the Uu interface between the UE and the eNB. However, the Un interface between the relay and the donor eNB shall be taken into account from scratch, which may be very different from the Uu interface. The first issue raised here is whether the relay shall be perceived by the operator core network or not. From the network point of view, the relay can be noticed as the separate eNB or it may not be perceived when it works as the remote cell of the donor eNB. If the relay is operating as the normal eNB towards the core network, the consideration shall be taken into account how the connectivity provisioning for the relay toward the operator core network can be achieved. 
In order to handle these issues, this contribution tries to propose the possible relay architectures. First, the summary for the last RAN WG2 and RAN WG3 is provided, then, the location of the S1AP/X2AP for the relay node is taken into account. Next, two relay architectures is presented and compared. Finally, it is proposed for RAN WG3 to take the two architectures into account further. 
2. Progress in the last meeting
2.1 LS from RAN WG1
In [1], it is required for RAN WG2/RAN WG2 to study the type1 relay, which has the below features.
· It shall appear to a UE as a separate cell distinct from the donor cell 

· It shall have its own Physical Cell ID (defined in LTE Rel-8) and transmit its own synchronization channels, reference symbols, … 

· In the context of single-cell operation, the UE shall receive scheduling information and HARQ feedback directly from the relay node and send its control channels (SR/CQI/ACK) to the relay node 

· It shall appear as a Rel-8 eNodeB to Rel-8 UEs (i.e. be backwards compatible) 

· To LTE-Advanced UEs, it shall be possible for a type 1 relay node to appear differently than Rel-8 eNodeB to LTE-A UEs for further performance enhancement.
2.2 RAN WG2 Progress
In the last RAN WG2 meeting, some discussions on relay are already made. The following is captured from RAN WG2 draft report [2].
Agreements (“Type-1 relays”):

Definitions:

- Nodes: 
UE, Relay-Node, Donor-eNB

- Interface:
Uu: between UE and Relay-Node


Un: between Relay-Node and Donor-eNB

1) On Uu interface, all AS control plane protocols are terminated in the Relay-Node

2) On Uu interface, all AS user plane protocols are terminated in the Relay-Node

* 1) and 2) are conditional on that SA3 can agree to this.

3) Un should be standardised i.e. open interface

4) Un user plane will have MAC, RLC and PDCP. 

-   FFS if they are exactly identical to Uu MAC, RLC and PDCP.

According to the RAN WG2 agreement, 

· Un is defined as the interface between the relay and the donor eNB.

· All AS protocols (MAC/RLC/PDCP/RRC) for Uu is terminated in the relay (conditional).
· For Un user plane, MAC/RLC/PDCP will be used
2.3 RAN3 Progress
In the last RAN3 meeting, almost nothing agreed. The following issues had been raised during the discussion
· Composition of the protocol stack of Un

· MAC/RLC/PDCP/RRC location for the UE: relay vs. donor eNB
· S1AP/X2AP termination point: relay vs. donor eNB

· Reusability of each protocol 

· Security provisioning of Un
· Core Network impact (MME/SGSN/Domain Manager)
· Un resource management
· UE / Relay mobility support
3. Discussion
3.1 S1AP/X2AP Termination Point
According to the RAN WG2 decision, all AS control plane protocols of Uu are terminated at the relay [2], which means that the relay has MAC/RLC/PDCP/RRC protocols toward the UE. For the S1AP/X2AP termination, three possible solutions can be considered as 
· Option1: S1AP termination at the donor eNB and using the Relay Control Protocol on Un

· Option 2: S1AP termination at the donor eNB and using another S1AP/X2AP on Un

· Option 3: S1AP termination at the relay
These possible architectures are taken into account in more details as below,
· Option 1: S1AP termination at the donor eNB and using the Relay Control Protocol on Un
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Figure 1 Option 1 with Relay Control Protocol
In this model, the relay is working as a cell of the donor eNB. The new protocol named the Relay Control Protocol shall be introduced to provide the interface between the RRC at the relay and the S1AP/X2AP at the donor eNB. From the MME and other eNBs, the relay is not perceived, so the change impact is limited only between the relay and the donor eNB. However, as captured in [3], this will increase the complexity of the relay and eNB by introducing new protocol and require huge standardization effort. From the signalling point of view, no gain is foreseen at this time.
· Option 3: S1AP termination at the donor eNB and using another S1AP/X2AP on Un
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Figure 2 Option 2 with Cascaded S1AP/X2AP
In this model, S1AP/X2AP is used between the relay and the donor eNB. The donor eNB would operate as a concentrator/distributer between the relay and the MME/another eNB. This model is similar to the HeNB architecture with the HeNB GW except the X2AP concatenation which has not been studied yet. From the MME and other eNBs, the relay is not perceived, so the change impact is limited only between the relay and the donor eNB. It may be possible to reuse S1AP/X2AP with the minimal modification, but it may require the new S1AP/X2AP adaption protocol. 
· Option 3: S1AP termination at Relay
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Figure 3 Option 3 with S1AP termination in Relay
In this model, the relay has the direct connection to the MME/another eNB and is seen as a normal eNB. The donor eNB only provides the transport network layer to the relay and did not take any consideration on the relay operation. For this purpose, it may needs for the donor eNB to tell the relay from the normal UE. For the donor eNB, no protocol change is foreseen and no additional burden is given but the transport network layer provisioning. No change impact is foreseen to the MME and other eNBs.
The below is the summary table of the above three options:
	
	Option 1
	Option 2
	Option 3

	S1AP Functionality
	· At donor eNB only
	· At relay and at donor eNB
	· At relay only

	Impact to donor eNB
	· New protocol support
	· S1AP/X2AP Concentration/Distribution Support
· New S1AP/X2AP adaptation protocol is needed (may)
	· Transport network layer support

	Un signalling type
	· Yet Undefined signalling between RRC and S1AP/X2AP
	· S1AP/X2AP
	· S1AP/X2AP

	Delay Consideration
	· The delay between RRC and S1AP/X2AP signalling
	· The delay in S1AP/X2AP signalling
	· The delay in S1AP/X2AP signalling


From the above table, no significant benefit is foreseen by having the S1AP/X2AP termination at the donor eNB. Especially, the option 1 and option 2 only introduce more complexity and the standardization effort for new protocols, i.e., the relay control protocol and S1AP/X2AP adaption protocol. From this point of view, the option 3 seems the simplest candidate and is expected to cause the minimal impact to the LTE protocols. Thus, the proposal1 is argued as,
Proposal 1: It is proposed to take the option 3, in which the S1AP/X2AP is terminated at the relay and the donor eNB only provides the transport network layer function, in to account for the further discussion.
3.2 Two Architectures Proposed as Option 3. 
In this subsection, two possible architectures for the above option 3 are presented. From the donor eNB point of view, the relay can be perceived as one of two options; one is the relay and the other is the UE. If the relay is perceived as it is from the eNB, the eNB may support the relay with the dedicated functionality. This may contribute to improve the relay performance but the eNB may be changed for the functionality. On the other hand, if the relay is seen as the normal UE form the eNB, this means that the Un interface would be identical to the Uu interface, no impact is given to the donor eNB, but we cannot expect any special treatment for the relay and the improvement of the relay performance may be limited.
· Option 3-1: the relay is perceived as a relay from the donor eNB.
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Figure 4 C-Plane/U-Plane Path of Option 3-1
In this option, the donor eNB tells the relay from the normal UE, so it can provide the differentiated means, so called the wireless backhaul, to access the operator core network for connecting the MME/eNB/S-GW/Domain manger. Then relay can have the direct connection to other nodes. In order to achieve this, the relay shall be assigned an appropriate IP address from the donor eNB or the DHCP server in the operator network. The one limitation here is that the IP address of the relay shall be forwarded from the operator network to the donor eNB, and the donor eNB shall be able to forward the IP packet to the relay. Figure 5 is the C-Plane protocol stack for the option 3-1, in which the relay is directly accessible from the MME with its own IP address. 
The C-plane /U-Plane data path of the UE is the optimal in this option because no redundant route is observed. The UE supporting function of the relay would be the same to that of the normal eNB and no core network impact is foreseen. However, if the relay is moving and changes the donor eNB, the relay will be lost all the established S1/X2 connections because it will use the new IP address at the new donor eNB. So, this may cause UE service interruption seriously. 

Note: whether to consider the moving relay shall be supported or not is not decided yet.
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Figure 5 Control Plane Protocol Stack of Option 3-1.
· Option 3-2: the relay is perceived as a normal UE from the donor eNB.

[image: image6.emf]Relay

UE

Operator Network

DeNB

PDN GW

Serving GW

MME

RN SGW/PGW

Relay S1AP

UE U-Plane


Figure 6 C-Plane/U-Plane Path of Option 3-2
In this option, the relay is seen as a normal UE to the donor eNB, so there is no impact to the eNB. Instead of this merit, the new core nodes called the relay serving GW and relay PDN GW shall be introduced, of which packet data network is the operator core network as in Figure 6. It is worth noting that the normal serving GW and PDN GW can be reused as the relay SGW/PGW, because there is no functional change. When the relay first attaches to the MME through the donor eNB, the MME provides the connectivity for the relay to the operator core network. This may be performed by providing the explicit relay indicator to the MME or only by providing an appropriate Access Point Name of the operator core network. So, it is possible not to impact the MME. After obtaining the data path to the operator network, the relay works exactly as a normal eNB and follows the initial eNB setup procedure; obtaining IP address, connecting to the O&M server, getting configured appropriately, and making S1/X2 Setup. Figure 7 is the C-Plane protocol stack for the option 3-2, in which the relay is accessible from the MME directly with its own IP address, which is assigned by the relay PDN GW.
In this model, the C-plane /U-Plane data of the UE shall be routed through the relay SGW/PGW all the time, so the additional routing delay is expected. However, this option can be minimize the protocol changes for supporting the relay. In addition, even though the relay is moving, its IP address is unchanged anchored at the relay PDN GW, so its S1/X2 connection is not broken and it can serve the UE admitting some delays.
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Figure 7 Control Plane Protocol Stack of Option 3-2.
3.3 Comparison of two options: 3-1 and 3-2
The comparison table for the above two options is as below
	
	Option 3-1
	Option 3-2

	Seen From eNB
	· Relay
	· UE

	Seen From CN
	· eNB
	· UE / eNB

	Additional Donor eNB Functionalities
	· Relay Supporting Function
> Un Backhaul provisioning

> IP-Un Backhaul Mapping

> IP Routing Functions
	· None

	Additional CN Entities
	· None
	· Relay SGW/PGW

	UE C-Plane Path
	· UE-Relay-DeNB-MME
	· UE-Relay-DeNB-Relay SGW/PGW-MME

	UE U-Plane Path
	· UE-Relay-DeNB-SGW/PGW-PDN
	· UE-Relay-DeNB-Relay SGW/PGW-SGW/PGW-PDN

	Handover Support
	· UE Mobility Support
	· UE Mobility Support

· Relay Mobility Support


In summary, the option 3-1 requires some modification to the donor eNB to support the relay and is not fit to support the moving relay, but it provides the optimal traffic flow path. On the other hand, the option 3-2 requires the additional core network entities and provides the long traffic flow path, but it don’t not require any protocol changes and can support the moving relay. At this time, they have own pros and cons, and it is not clear which one is superior to the other. So we suggest as,

Proposal 2: It is proposed to take the option 3-1 and the option 3-2 in to account together for the further discussion. 
Note: the option 3-2 can be considered as the generalized model of the option 3-1. In other words, one may say that the donor eNB in option 3-1 have the all the functionalities of the MME/Relay SGW/Relay PGW in one physical box. 
4. Conclusion and Proposal
In this contribution, the below two proposals have been made. 

Proposal 1: It is proposed to take the option 3, in which the S1AP/X2AP is terminated at the relay and the donor eNB only provides the transport network layer function, in to account for the further discussion.

Proposal 2: It is proposed to take the option 3-1 and the option 3-2 in to account together for the further discussion. 
In addition, we propose to capture the discussion presented in section 3 in the technical report for Rel-10 “Relay node”.
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