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1. Background

One of the technology components discussed in RAN1 as part of the study item on LTE-Advanced is relaying, where the relay node is wirelessly connected to radio-access network via a donor cell. Several different types of relay nodes have been discussed in RAN1. 

RAN1 has after careful consideration concluded that “type 1” relays should be supported by LTE-Advanced. A “type 1” relay node is characterized by the following:

· 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.

Many of the relaying aspects, e.g. user-plane aspects such as on which protocol layer the data is forwarded in the relay as well as control-plane aspects such as the split of functionality between the eNodeB and the relay, are in the area of RAN2 and RAN3. RAN1 has therefore asked RAN2 and RAN3 to study these aspects, taking the RAN1 decision into account [1]
.

This contribution discusses the RAN2 user plane and control plane functional splits for LTE-Advanced relaying support and proposes a  natural and efficient way forward leveraging on the proven Rel-8 functional split and protocol stacks.
2. Relaying options
Relaying is one of the technology components considered for LTE-Advanced and several different schemes have been proposed, including amplify-and-forward repeaters, different types of “L2 relaying” and self-backhauling. 

With the introduction of a relaying scheme, RAN2 needs to conclude on both of: 

· User plane – the location in the protocol stack where user plane data is forwarded (Figure 1)

· Control plane – the split of control plane functionality (e.g. handover and scheduling) seen by the UE between the eNodeB and the relay (Figure 2)
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Figure 1: Example of user-plane forwarding at different protocol layers in the relay.
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Figure 2: Example of control-plane split between eNodeB and relay.
2.1.  U-plane and C-plane functional splits (towards UE)
As it turns out, the U-plane and C-plane aspects are difficult to treat entirely separately since they have some connections. They are therefore discussed jointly in the following.

According to the definition of a type 1 relay, the relay node shall appear to the UE as a unique cell with its own cell identity, synchronisation channels, reference symbols and control channels etc. This has a number of direct and indirect consequences:
2.1.1. System information

The relay node needs to provide cell specific system information. Appearing as a separate/unique cell, the most natural approach is that the relay node provides its own system information and the corresponding RRC functionality is terminated in the relay node.

2.1.2. Paging

The relay node needs to page UEs camping in cells belonging to relay node. As paging is provided by RRC, it again seems natural that the corresponding RRC functionality is terminated in the relay node.

2.1.3. Random Access

The relay node needs to handle UEs requesting access with a random access procedure. By terminating the MAC protocol in relay node, fast contention resolution can be achieved. By handling all random access related functionality in relay, the relay node can maintain the exclusive set C-RNTIs. This again points to the natural termination of MAC in relay node.
2.1.4. Scheduling, link adaptation and mobility
The relay node needs to provide scheduling control and react on scheduling feedback for which some MAC functionality is needed in the relay node.

Moreover, radio interface control is more accurate and efficient when scheduling and link adaptation can be performed close to the radio. Therefore, also the functions of scheduling, multiplexing, concatenation, segmentation and retransmission control are naturally terminated in the relay node. I.e., the MAC and RLC protocols should be terminated in the relay node. Having MAC functionality in the relay node directly derives from the requirement of a type 1 relay as agreed by RAN1, which says that the UE shall receive scheduling information and HARQ feedback directly from the relay and send its control channels (SR/CQI/ACK) to the relay.
2.1.5. Mobility support

Similar to scheduling, mobility support benefits from closeness to the radio and is, hence, preferably terminated in the relay node. Mobility support includes e.g. functionalities such as measurement configuration of the UE, processing of measurement reports, handover decision and the transmission of handover command.
2.1.6. Protocol configuration and control

For efficient support of the scheduler, the RRC functions for configuration and control of PHY, MAC and RLC should be terminated in the same node as the U-plane protocols themselves; i.e., in the relay node. 
Splitting RRC functionality between the relay node and the eNB is undesirable and would require significant additional specification and verification effort as well as require many aspects of the Rel-8 work to be revisited. Thus, also PDCP (and configuration and control thereof) should be terminated in the relay node. This avoids splitting of RRC and allows leveraging on Rel-8 work and existing implementations.
2.1.7.  Connection control
With all PHY, MAC, RLC, PDCP and all other RRC functions in the relay node, it is obvious that also connection control should be terminated in the relay node. By terminating RRC entirely in the relay node, there is no need to define a new layer 3 control protocol between the relay node and the eNB to support the access link (between relay and UE). Moreover, the RAN1 conclusion that a type-1 relay node shall appear as a Rel-8 eNodeB to Rel-8 UEs implies that the control of the UEs is naturally located in the relay node.
2.1.8. Conclusion
From the above discussion it is clear that the most natural and straightforward approach for a type 1 relay scheme is to terminate all of PHY, MAC, RLC, PDCP and RRC towards the UE in the relay node. The backhaul link (i.e., between relay node and eNB)  would have a U-plane stack independent of the link between the UE and the relay node.
RRC is terminated in its entirety in the relay node and U-plane data forwarding would be by IP packets on layer 3, Figure 3.
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Figure 3: User Plane Protocol termination model for LTE-Advanced relaying.

2.2. The backhaul link

Conceptually the relay node would appear as a special LTE-Advanced eNB backhauled over LTE-Advanced itself; i.e., the relay node would be a self-backhauled eNB connected to an anchor eNB. From the anchor eNB point of view, the U-plane of self backhauled eNB transparently carries the transport protocols (possibly similar to S1/X2). The details of the transport protocols over the backhaul link should be discussed in RAN3.
3. Conclusion and proposal
It is proposed to discuss the U-plane data forwarding point and C-plane functional split and to agree to the following proposals and definitions:
Proposal 1:
U-plane protocols PHY, MAC, RLC and PDCP towards the UE are terminated in the relay node; i.e., U-plane data forwarding is done on layer 3/IP packet level.

Proposal 2:
RRC towards the UE is terminated in its entirety in the relay eNB.

Proposal 3:
The relay node is referred to as “self-backhauled eNB” and denoted s-eNB.
Proposal 4:
The anchor eNB is referred to as “anchor eNB” and denoted a-eNB.

This solution has the benefit of providing a simple and efficient solution for relay support, allow re-use of existing air interface, and would not require no standardisation of new protocols for the UE. 
We further note that it seems natural to discuss the design of transport protocols  (which could be similar to S1/X2) of the backhaul link primarily in RAN3  

4. References
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