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1. Introduction

Relaying is being examined as part to the LTE-Advanced study item as a technology to enhance coverage and capacity and offer more flexible deployment options and has therefore been included in the LTE-Advanced TR by RAN1 ‎[1]. It allows deploying new nodes without providing any external backhaul connection towards the core network, but allows connecting relays wirelessly to the nearest eNB which will then provide the backhaul connectivity.

After discussing potential types of relays in RAN1#55, RAN1 agreed to consider a so called “type 1 relay” and conveyed this decision via a LS to RAN2 and RAN3 ‎[2], including a description of the type 1 relay. How to design the higher layers and the architecture for relays will be in the responsibility of RAN2 and RAN3 respectively. These designs may then impact RAN1 as well and RAN1 should then be informed about such issues.

This contribution identifies issues that will need to be considered when designing the architecture for relays in RAN3.

Recapitulation of Type 1 Relay

The currently most comprehensive available description of a “type 1 relay” is given in the LTE-Advanced TR ‎[1], it was copied into the LS ‎[2] and is recited here for convenience:

· 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.


So basically a relay is treated just like any other eNB by the UE (in particular a Rel-8 UE), and expects exactly the same interface towards the relay as from an eNB. This does not necessarily require that all the functions that are currently residing in an eNB are also residing in a relay, but this is apparently the most straight forward option. However, how the different protocol functions are associated with the relay ore donor eNB is still to be determined by RAN3 and RAN2.

2. Discussion of Relay Architecture

Relaying introduces a new kind of network node, the relay node “RN”, which is not connected directly to the other network elements, in particular S-GW and MME, but is only indirectly connected via a new interface, called “SX” interface which connects the relay wirelessly to a close by eNB, called the “donor eNB”. For inband relaying, this wireless link uses the same frequency resources that are also used to serve UEs by the eNB or the relay, for outband relaying a different frequency resource can be used. However this distinction is not expected to have an impact on the underlying architecture or the protocol stack.

The following figure shows a sketch of the basic architecture that will be necessitated by relaying.


[image: image1]
One option to get to a relaying architecture would be to extend the S1 (and possibly X2) interface via the donor eNB over the SX interface towards the RN, which can then act similarly to an ordinary eNB. However, before drawing final conclusions on any new architecture, the following design options will need to be considered, among others:

1.
The location of the different protocol entities: 
This is actually a RAN2 topic but different options may have different impact on the relay architecture as well. 
Apparently the lower protocol entities will most certainly reside in the RN, while for higher entities there may be options to have them in either donor eNB or RN or even split the functionality. However the latter should only be considered if it provides clear advantages, because it may impact the architecture accordingly as intermediate information has to be exchanged between the affected nodes. 

2.
The protocol stack for SX: 
While the physical resources will need to be reused from the resources of the eNB-UE link, the protocol stack of the SX interface does not necessarily need to be identical to the current protocol stack on the eNB UE link. Instead it will need to be investigated which functionalities that are provided on the S1 and X2 interfaces or which further relay specific functionalities will need to be provided on the SX interface as well. 

3.
Reuse of S1 and X2 protocols: 
Similarly it will need to be investigated which aspects of the current S1 and X2 protocols can be reused for the SX interface, e.g. utilization of SCTP over SX interface or utilization of GTP-u//UDP over the SX interface.

4.
Impact/Compatibility to MME/S-GW: 
In the figure above there is a dashed line drawn from the S-GW/MME towards the relay via the donor eNB. However it needs to be investigated whether the S-GW/MME actually needs to have full visibility of the RNs and an individual logical connection to each of them, or whether there is only one single S1 interface to an eNB. In the latter case the eNB aggregates the SX interfaces of the multiple RNs within its coverage area into a single interface.

5.
SX specific Protocol functions:
Control Plane: Management procedures will be required to set-up, configure and maintain the SX interface, similarly to the analogous functions for the S1 interface. These procedures could be initiated from the MME or the donor eNB.
User Plane: probably mainly dependent on the location of PDCP and on the question whether a kind of capacity request/grant scheme has to be implemented on SX, a SX specific user plane protocol might need to be developed.  

6.
Need for logical interface between RNs: 
The figure above depicts a single RN only, but in practice multiple relays will be connected to multiple donor eNBs. UEs may need to perform handover between any of these nodes. Therefore it needs to be investigated whether there needs to be a logical interface between the relays, like the X2 interface between eNBs, or whether such an interface is redundant as the connection can be provided via the SX interface from the source RN to its donor eNB and then either via S1 or X2 towards the target donor eNB and subsequently via the SX interface towards the target RN.

7.
Need for additions to logical interface between donor eNBs: 
Similarly to the previous point, if there is a logical interface between relays, this may also necessitate a logical interface between donor eNBs as well. Potentially the X2 interface can be used or adapted for this purpose.

8.
Mobility 
Formally, several new kinds of mobility are introduced by the RN:
a) RN(donor eNB, b) donor eNB(RN, c) RN(RN (of the same donor eNB), d) RN(RN (of different donor eNBs).
Dependent on the architecture (e.g. whether a fully transparent S1 interface from CN to Relay Node is defined), different mobility scenarios may have different impacts on overall system signaling load. Further investigations are proposed. 

9.
Security:
Being a wireless interface, the SX interface will need properly implemented security. It will need to be investigated whether it is possible to reuse existing security concepts which are already implemented to protect the various interfaces, e.g. S1 and X2 (as being developed by SA3, “Network Domain Security), or whether new functionality is required and what impact that may have on the architecture.

Conclusion and Way forward

In this contribution different aspects that need to be considered for implementing a network architecture that supports relaying have been identified. Once decisions have been taken how to approach these issues, it will be possible to start defining the proper relay architecture and notify RAN1 abut potential impacts on their work. Straight away now no aspects that would be expected to impact RAN1 particularly have been identified. 

Once decisions on the architecture have been taken, RAN1 and RAN2 should be informed accordingly.

3. Proposal

It is proposed to discuss the issues that were raised in the discussion section and identify aspects that need to be shared with other involved working groups. 
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