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1. Introduction
As it has been agreed after the last RAN2#66bis meeting, the different relay architecture options shall be described in a RAN2 internal TR, where the focus should be on the unbiased technical descriptions of the proposed solutions, building on available materials such as the summary document of the relay architecture email discussions [1]. This paper makes a text proposal for the intended TR document.
2. Text Proposal
The following four architecture alternatives have been identified for supporting relays in LTE:
· Alt 1: Full-L3 relay, transparent for DeNB
· Alt 2: Proxy S1/X2

· Alt 3: RN bearers terminate in DeNB

· Alt 4: S1 terminated in DeNB

Out of these four alternatives, Alt 1,2 and 3 can be considered to belong to the same group of solutions in the sense that Alt 2 and 3 are enhanced variants of Alt 1, being the baseline solution. In case of Alt 4 there are also multiple variants, which are based on a different approach as compared to the previous three alternatives. We follow the above grouping of alternatives when describing the different solutions throughout this document.
2.1. Alternatives 1, 2, 3 
2.1.1. User plane aspects
In this set of alternatives, the U-plane of the S1 interface is terminated at the RN. In the baseline option of Alt 1 (Figure 1), the U-plane packets of a UE served by the RN are delivered via the Relay’s P/S-GW. The UE’s P/S-GW maps the incoming IP packets to the GTP tunnels corresponding to the EPS bearer of the UE and sends the tunnelled packets to the IP address of the RN. The tunnelled packets are routed to the RN via the Relay’s P/S-GW, as if they were packets destined to the RN as a UE. 
Figure 2 illustrates the packet routing in the downlink for the “Full L3 relay” architecture alternative, showing the UE and RN bearers and the corresponding GTP tunnels. 

· A packet destined to the UE is classified into UE EPS bearer at the PGW serving the UE according to the corresponding packet filtering rules and encapsulated into the respective GTP tunnel (spanned between SGW /PGW of the UE and the RN).

· The PGW, which serves the UE, also needs to decide on the UE bearer to RN bearer mapping. The RN bearer type may be indicated as a Diffserv codepoint in the DS field of the IP header of the GTP IP packet sent by the PGW.

· The PGW of the RN receives the GTP tunneled packet addressed to the DeNB and classifies the packet into RN bearer according to packet filtering rules (based on the DS field of the packet) and encapsulates the packet into a second GTP tunnel, corresponding to the RN bearer. This means that EPS bearers of different UEs connected to the RN with similar QoS are mapped into the same RN bearer.
· The donor eNB associates the RN GTP tunnel with the corresponding RN radio bearer and sends the packet to the RN over the radio interface.

· The RN associates the received packet with the UE radio bearer according to the UE GTP tunnel and sends the packet to the UE.

In the uplink, the RN performs the UE bearer to RN bearer mapping, which can be done based on the QCIs of UE bearers. 
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Figure 1: User plane protocol stack – Alt 1 –
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Figure 2: Packet delivery steps – Alt 1, 3 -

Figure 3 shows the user plane protocol stack in case of Alt 3, where the baseline solution is enhanced by integrating the SGW/PGW functionality for the RN into the DeNB. Thereby, the routing path is optimized as packets do not have to traverse via a second PGW/SGW but otherwise the same functionality and packet handling apply as in case of Alt 1.
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Figure 3: User plane protocol stack – Alt 3 -
Another way of enhancement of the baseline solution is to add “home eNB GW” type of functionality into the DeNB, which results in the “Proxy S1/X2” architecture alternative (Alt 2). The user plane protocol stack and the packet processing and tunneling functionality in case of Alt 2 are shown in Figure 4 and in Figure 5, respectively. In this case there is a GTP tunnel per UE bearer, spanning from the SGW/PGW of the UE to the donor eNB, which is switched to another GTP tunnel at the DeNB, going from the DeNB to the RN (one-to-one mapping). 

· The downlink UE packet is mapped to UE bearer at the PGW serving the UE and the packet is sent in the corresponding UE bearer GTP tunnel to the donor eNB.

· The donor eNB classifies the incoming packets into RN radio bearers based on the QCI of the UE bearer (by filtering on the GTP TEID, where the association is established at bearer setup) and switches the UE bearer GTP tunnel from the SGW/PGW to another UE bearer GTP tunnel toward the RN (one-to-one mapping). Note that EPS bearers of different UEs connected to the RN with similar QoS are mapped in one radio bearer over the Un interface.
· The RN associates the received packet with the corresponding UE radio bearer based on the per UE bearer GTP tunnel.

In the uplink, the RN performs the UE bearer to RN bearer mapping, which can be done based on the QCIs of UE bearers.
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Figure 4: User plane protocol stack – Alt 2 -
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Figure 5: Packet delivery steps – Alt 2 -
2.1.2. Control plane aspects
The control plane protocol stack that applies in case of Alt 1 and Alt 3 is shown in Figure 6. As it can be seen in the figure the S1-AP protocol terminates at the RN and the signaling messages go via the DeNB and the SGW/PGW of the RN acting as user plane transport nodes from the signaling traffic point of view. This means that the S1 signaling messages sent between the RN and MME are mapped on user plane EPS bearers of the RN.
The RN has to maintain one S1 interface relation to each MME in the respective MME pool where there is one S1 signaling connection for each connected UE on the given S1 interface between the RN and the MME serving the UE, as illustrated in Figure 7 (legacy behavior). The S1 interface and the signaling connections are spanning through the donor eNB transparently. 

Note that the DeNB also maintains its S1 interfaces and it has an S1 signaling connection corresponding to the RN as a UE, going between the DeNB and the MME serving the RN. We note also that a similar logical structure would apply for the X2 interface relations (not shown in the figures).
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Figure 6: Control plane protocol stack – Alt 1, 3 -
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Figure 7: S1 interface relations and signaling connections – Alt 1, 3 -
The control plane protocol architecture for the proxy alternative (Alt2) is shown in Figure 8. In this case, the S1-AP messages are sent between the MME and the DeNB, and between the DeNB and the RN. Upon the DeNB receiving the S1-AP messages, it translates the UE IDs between the two interfaces by means of modifying the S1-AP UE IDs in the message but leaving other parts of the message unchanged. This operation corresponds to an S1-AP proxy mechanism and would be similar to the HeNB GW function. The S1-AP proxy operation would be transparent for the MME and the RN. That is, as seen from the MME it looks like as if the UE would be connected to the DeNB, while from the RN’s perspective it would look like as if the RN would be talking to the MME directly. The S1-AP messages encapsulated by SCTP/IP are transferred over an EPS data bearer of the RN where the PGW functionality for the RN’s EPS bearers is incorporated into the DeNB (as local breakout functionality for HeNB-s).
The S1 interface relations and signaling connections are shown in Figure 9. In this case there is one S1 interface relation between the RN and the DeNB and between the DeNB and the MME (serving the UE), where the S1 signaling connections are processed by the DeNB (indicated by the arrows in the figure). Note that the RN has to maintain only one S1 interface (to the DeNB), while the DeNB maintains one S1 interface to each MME in the respective MME pool.

Note also that there is an S1 interface relation and an S1 signaling connection corresponding to the RN as a UE, going from the DeNB to the MME serving the RN, similarly to the previous case.

Finally, we note that as neither of these alternatives (i.e., Alt 1,2,3) require any new functionality in the S1-AP (and X2-AP) protocols, the legacy S1-AP (and X2-AP) protocols can be employed in the relay.


[image: image9.emf] 

MME

(serving the UE)

S1-AP

SCTP

IP

L2

L1

Relay

PHY

Donor eNB

(+ ”Home eNB GW

”)

PHY

IP

L2

L1

IP

S1-AP

SCTP

S1-AP

SCTP

PDCP

RLC

MAC

PDCP

RLC

MAC

UE

NAS

PHY

PDCP

RLC

MAC

S1-AP

SCTP

IP

PHY

PDCP

RLC

MAC

NAS

RRC

RRC

MME

(serving the UE)

S1-AP

SCTP

IP

L2

L1

Relay

PHY

Donor eNB

(+ ”Home eNB GW

”)

PHY

IP

L2

L1

IP

S1-AP

SCTP

S1-AP

SCTP

PDCP

RLC

MAC

PDCP

RLC

MAC

UE

NAS

PHY

PDCP

RLC

MAC

S1-AP

SCTP

IP

PHY

PDCP

RLC

MAC

NAS

RRC

RRC


Figure 8: Control plane protocol stack – Alt 2 -
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Figure 9: S1 interface  relations and signaling connections – Alt 2 -
We note that the RN when acting as a UE has to support the NAS and RRC protocols toward the network, as illustrated in Figure 10. As there is no need for new functionality in RRC and NAS when used in the RN, the legacy RRC and NAS protocols can be employed.
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Figure 10: NAS and RRC protocols in the relay
2.1.3. Signaling procedures

2.1.3.1. UE access procedure

The initial attach of a UE connecting via a relay node in case of Alt 1 and 3 is shown in the figure below. (For Alt 3, the same sequence applies with the SGW/PGW of the RN moved into the DeNB.) The procedure corresponds to the legacy attach mechanism as seen from the UE, from the RN and from the MME point of view. The UE bearer handling follows the legacy procedure. 
Note that for each message shown in the figure the protocol type (i.e., S1, S11, RRC, NAS) and the user context that the message belongs to (i.e., UE or RN) are also indicated.
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Figure 11: UE attach at RN – Alt 1, (3) -
The initial attach of a UE connecting via a relay node in case of Alt 2 is shown in the figure below. The procedure corresponds to the legacy attach mechanism as seen from the UE, from the RN and from the MME point of view. The only difference is that the DeNB is involved in the procedure by relaying the corresponding S1 messages between the RN and the MME. As the S1 signalling goes via the proxy functionality of the DeNB, the DeNB is explicitly aware of a UE attaching via the RN.
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Figure 12: UE attach at RN – Alt 2 -
2.1.3.2. UE bearer management procedures

The UE dedicated bearer setup procedure in case of Alt 1, 3 is shown in the figure below. (For Alt 3, the same sequence applies with the SGW/PGW of the RN moved into the DeNB.) The procedure is seen as legacy bearer management sequence as see from the UE, RN and MME point of view. Additional optimization that could be introduced is to renegotiate the RN bearer resources, e.g., the bit rate of GBR RN bearers in response to the setup of a new UE bearer. The update of the RN bearer may be initiated from the RN using the UE initiated “NAS Bearer Resource Request” procedure.
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Figure 13: UE bearer setup – Alt 1, (3) -
The UE bearer setup sequence in case of the “Proxy S1/X2” architecture option is illustrated in the figure below. In this solution the S1 message carrying the bearer setup request arrives to the donor eNB directly. In case the RN bearer needs to be updated (e.g., in case of GBR bearers) the “PGW” functionality in the DeNB can initiate the bearer update toward the MME serving the RN (network initiated bearer modification). Alternatively, the bearer update may be initiated from the RN acting as a UE by invoking the UE initiated bearer resource request procedure, as we have seen in the previous example.
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Figure 14: UE bearer setup – Alt 2 -
2.1.3.3. Handover procedure

The procedure of an X2 handover, where a UE under an RN makes a handover to an eNB (donor or non-donor eNB) is shown in the figure below, for architecture alternative Alt 1 and 3. We note that similar procedure would apply in case of the UE making a handover to another RN (connecting via the same DeNB or a different DeNB).

· The RN makes a handover decision based on UE measurement report and selects a target cell.

·  The RN sends the Handover Request message to the target eNB over an EPS data bearer that is provided by the DeNB and the S/P-GW of the RN. 

· The target eNB receives the message and may reply with a Handover Request Ack message which is routed over the EPS data bearer via the S/P-GW of the RN and the DeNB back to the RN. For the target eNB the request will look as if coming from an eNB.

· After the completion of the X2 signalling, forwarding tunnels are established from the RN over EPS bearer(s) via the DeNB and the S/P-GW of the RN and further on to the target eNB. The RN may start packet forwarding at this point. 
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Figure 15: X2 handover from RN to target eNB – Alt 1, (3) - 
The procedure of an X2 handover, where a UE under an RN makes a handover to an eNB different from the donor eNB is shown in the figure below, for architecture alternative Alt 2. We note that similar procedure would apply in case of the UE making a handover to another RN (connecting via a different DeNB) or in case of a handover to the DeNB.

· The RN makes a handover decision based on UE measurement report and selects a target cell. 

· The RN sends the Handover Request message to the DeNB. The DeNB reads the target cell ID from the message and finds the target eNB corresponding to the target cell ID and forwards the X2 message toward the target eNB. Note that the RN has to maintain only one X2 interface, which is to the DeNB and it can send all handover requests to the DeNB, irrespective of the target cell ID.
· The target eNB receives the message, which looks like from the target eNB point of view as if the UE would be making the handover under a cell from the DeNB.

· After the completion of the X2 signalling, forwarding tunnels are established from the RN via the DeNB to the target eNB. The GTP tunnels are switched at the DeNB. As the DeNB can access the per UE bearer forwarding tunnels and it is also aware of the ongoing handover through the bypassed X2-AP messages, the packet forwarding path can also be shortcut; i.e., unnecessary back and forth forwarding over the Un interface can be avoided.
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Figure 16: X2 handover from RN to target eNB – Alt 2 -
2.1.3.4. RN startup procedure

The RN startup sequence, applicable for Alt 1 and 3, is shown in the figure below, where the procedure can be divided into two main parts:

· In the first part the RN attaches to the network via the legacy UE attach procedure to authenticate the UE (function of the RN) and to establish basic connectivity.

· When IP connectivity is established, the O&M system authenticates the eNB (function of the RN) and downloads configuration data to the RN. The RN establishes the necessary S1/X2 interfaces and it goes into normal operation.
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Figure 17: RN startup procedure – Alt 1, (3) -
The RN startup sequence in case of Alt 2 is similar as in the previous case with some difference in the S1/X2 interface setup. The RN needs to establish only one S1 interface and one X2 interface, both terminated in the DeNB, irrespective of the number of MMEs and neighbour eNBs. 
The S1/X2 setup signalling initiated from the RN will be terminated by the donor eNB and the existing S1/X2 connectivity of the DeNB will be used to proxy the S1/X2 connection of the RN. This may require that the existing S1/X2 connections of the DeNB need to be updated, e.g., to register the new cell(s) of the RN toward the neighbour eNBs of the DeNB or to register new tracking area codes (TAC) corresponding to the RN cells toward the MME. The existing “eNB Configuration Update” procedure on the S1/X2 interfaces can be used for this purpose.
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Figure 18: RN startup procedure – Alt 2 -
2.2. Alternative 4 

Two versions of architecture alternative 4 have been proposed; henceforth referred to as Alt 4a and 4b.
2.2.1. User plane aspects

In Alt 4a , the U-plane of the S1 interface is terminated at the DeNB. The PGW/SGW serving the UE maps the incoming IP packets to the GTP tunnels corresponding to the EPS bearer of the UE and sends the tunnelled packets to the IP address of the DeNB. Upon the DeNB receiving the tunnelled packets from the S-GW, the received packets are de-tunnelled, and the inner user IP packets are mapped to Un radio bearers corresponding to the EPS bearer of the UE (see Figure 20). 
Each EPS bearer of a UE connected to the RN is mapped to separate radio bearers over the Un interface (one-to-one mapping).In order to identify individual UE bearers on the Un interface a UE identifier needs to be added to one of the PDCP, RLC or MAC protocol layers; i.e., some parts of the legacy MAC/RLC/PDCP protocols would need to be modified. 
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Figure 19: User plane protocol stack – Alt 4a -

[image: image22.emf] 

RN

donor eNB

UE

SGW/PGW

(UE)

incoming packet

Alt 4a:

associating per UE 

bearer GTP tunnels with 

per UE RN bearers

P-GW maps UE IP packet to UE 

EPS bearer according to filters

associating per UE RN 

bearer with UE radio bearer

other UE bearer

tunnels

UE bearer GTP tunnel per UE RN bearer UE radio bearer

RN

donor eNB

UE

SGW/PGW

(UE)

incoming packet

Alt 4a:

associating per UE 

bearer GTP tunnels with 

per UE RN bearers

P-GW maps UE IP packet to UE 

EPS bearer according to filters

associating per UE RN 

bearer with UE radio bearer

other UE bearer

tunnels

UE bearer GTP tunnel per UE RN bearer UE radio bearer


Figure 20: Packet delivery steps – Alt 4a -
In Alt 4b, the protocol architecture resembles that of Alt 2 where the GTP protocol on the Un interface would be preserved but without the underlying UDP/IP layers, i.e., GTP would be carried on top of PDCP directly, as shown in Figure 21. In this way, it would be possible to employ the legacy PDCP/RLC/MAC protocols on the Un interface. 

The user plane protocol stack and the packet processing and tunneling functionality in case of Alt 4b are shown in Figure 21 and in  Figure 22, respectively. In this case there is a GTP tunnel per UE bearer, spanning from the SGW/PGW of the UE to the donor eNB, which is switched to another GTP tunnel at the DeNB, going from the DeNB to the RN (one-to-one mapping). 

· The downlink UE packet is mapped to UE bearer at the PGW serving the UE and the packet is sent in the corresponding UE bearer GTP tunnel to the donor eNB.

· The donor eNB classifies the incoming packets into RN radio bearers based on the QCI of the UE bearer (by filtering on the GTP TEID, where the association is established at bearer setup) and switches the UE bearer GTP tunnel from the SGW/PGW to another UE bearer GTP tunnel toward the RN (one-to-one mapping). Note that EPS bearers of different UEs connected to the RN with similar QoS are mapped in one radio bearer over the Un interface.
· The RN associates the received packet with the corresponding UE radio bearer based on the per UE bearer GTP tunnel.

In the uplink, the RN performs the UE bearer to RN bearer mapping, which can be done based on the QCIs of UE bearers.
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Figure 21: User plane protocol stack – Alt 4b -
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Figure 22: Packet delivery steps – Alt 4b -

2.2.2. Control plane aspects

The control plane protocol architecture for Alt 4 is shown in Figure 23. In this case, the S1-AP messages are sent between the MME and the DeNB, and between the DeNB and the RN. Upon the DeNB receiving the S1-AP messages, it translates the UE IDs between the two interfaces by means of modifying the S1-AP UE IDs in the message but leaving other parts of the message unchanged. This operation corresponds to an S1-AP proxy mechanism and would be similar to the HeNB GW function. The S1-AP proxy operation would be transparent for the MME and the RN. That is, as seen from the MME it looks like as if the UE would be connected to the DeNB, while from the RN’s perspective it would look like as if the RN would be talking to the MME directly. Over the Un, S1-AP (one per UE served by the RN) is carried in new containers over RRC instead of over SCTP/IP as currently defined for S1 signalling. 
The S1-C interface relations and signaling connections are shown in Figure 24. In this case there is one S1-C interface relation between the RN and the DeNB and between the DeNB and the MME (serving the UE), where the S1 signaling connections are processed by the DeNB (indicated by the arrows in the figure). Note that the RN has to maintain only one S1-C interface (to the DeNB), while the DeNB maintains one S1-C interface to each MME in the respective MME pool.

Note also that there is an S1-C interface relation and an S1-C signaling connection corresponding to the RN as a UE, going from the DeNB to the MME serving the RN.

Finally, the architecture is not expected to require any new functionality in the S1-AP (and X2-AP) protocols, it seems possible to use the legacy S1-AP (and X2-AP) protocols in the relay. However, modifications to RRC are required (e.g., to carry S1-AP).

[image: image25.emf] 

MME

(serving the UE)

S1-AP

SCTP

IP

L2

L1

Relay

PHY

Donor eNB

PHY

IP

L2

L1

S1-AP

SCTP

PDCP

RLC

MAC

PDCP

RLC

MAC

UE

NAS

PHY

PDCP

RLC

MAC

PHY

PDCP

RLC

MAC

NAS

RRC

RRC

RRC

RRC

S1-AP

S1-AP

MME

(serving the UE)

S1-AP

SCTP

IP

L2

L1

Relay

PHY

Donor eNB

PHY

IP

L2

L1

S1-AP

SCTP

PDCP

RLC

MAC

PDCP

RLC

MAC

UE

NAS

PHY

PDCP

RLC

MAC

PHY

PDCP

RLC

MAC

NAS

RRC

RRC

RRC

RRC

S1-AP

S1-AP


Figure 23: Control plane protocol stack – Alt 4 –
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Figure 24: S1 interface relations and signaling connections – Alt 4 -
We note that the RN when acting as a UE has to support the NAS and RRC protocols toward the network, as illustrated in Figure 25. 
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Figure 25: NAS and RRC protocols in the relay
2.2.3. Signaling procedures


2.2.3.1. UE access procedure

The initial attach of a UE connecting via a relay node in case of Alt 4 is shown in the figure below. The procedure corresponds to the legacy attach mechanism as seen from the UE, from the RN and from the MME point of view. The only difference is that the DeNB is involved in the procedure by relaying the corresponding S1 messages between the RN and the MME. As the S1 signalling goes via the proxy functionality of the DeNB, the DeNB is explicitly aware of a UE attaching via the RN.
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Figure 26: UE attach at RN – Alt 4 -

2.2.3.2. UE bearer management procedures

The UE bearer setup sequences in case of Alt 4a and 4b are illustrated in the figures below. In this solution the S1 message carrying the bearer setup request arrives to the donor eNB directly.
In case of Alt 4a the DeNB needs to initiate the establishment of the corresponding radio bearer over the Un interface and forward the S1-AP message to the RN, which steps might be executed with the same or separate RRC messages. With alternative 4a, the RN radio bearers carrying UE radio bearers are managed by the DeNB and do not have corresponding RN EPS bearers and, hence, are not under the control of the EPC.
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Figure 27: UE bearer setup – Alt 4a -

In case of Alt 4b, the UE bearer will be mapped to one of the existing radio bearers of the RN, while the RN bearer might need to be updated in response to the added UE bearer (e.g., in case of GBR bearers). In this case the DeNB may initiate the bearer update toward the MME serving the RN (network initiated bearer modification). Alternatively, the bearer update may be initiated from the RN acting as a UE by invoking the UE initiated bearer resource request procedure.
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Figure 28: UE bearer setup – Alt 4b -

2.2.3.3. Handover procedure

The procedure of an X2 handover, where a UE under an RN makes a handover to an eNB different from the donor eNB is shown in the figure below, for architecture alternative Alt 4. We note that similar procedure would apply in case of the UE making a handover to another RN (connecting via a different DeNB) or in case of a handover to the DeNB.

· The RN makes a handover decision based on UE measurement report and selects a target cell. 

· The RN sends the Handover Request message to the DeNB. The DeNB reads the target cell ID from the message and finds the target eNB corresponding to the target cell ID and forwards the X2 message toward the target eNB. Note that the RN has to maintain only one X2 interface, which is to the DeNB and it can send all handover requests to the DeNB, irrespective of the target cell ID.
· The target eNB receives the message, which looks like from the target eNB point of view as if the UE would be making the handover under a cell from the DeNB.

· After the completion of the X2 signalling, forwarding tunnels are established from the RN via the DeNB to the target eNB. The GTP tunnels are switched at the DeNB. As the DeNB can access the per UE bearer forwarding tunnels and it is also aware of the ongoing handover through the bypassed X2-AP messages, the packet forwarding path can also be shortcut; i.e., unnecessary back and forth forwarding over the Un interface can be avoided.
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Figure 29: X2 handover from RN to target eNB – Alt 4 -

2.2.3.4. RN startup procedure

The RN startup sequence for Alt 4 is shown in the figure below, where the procedure can be divided into two main parts:

· In the first part the RN attaches to the network via the legacy UE attach procedure to authenticate the UE (function of the RN) and to establish basic connectivity.

· When IP connectivity is established, the O&M system authenticates the eNB (function of the RN) and downloads configuration data to the RN. The RN establishes the necessary S1/X2 interfaces and it goes into normal operation.
The S1/X2 setup signalling initiated from the RN will be terminated by the donor eNB and the existing S1/X2 connectivity of the DeNB will be used to proxy the S1/X2 connection of the RN. This may require that the existing S1/X2 connections of the DeNB need to be updated, e.g., to register the new cell(s) of the RN toward the neighbour eNBs of the DeNB or to register new tracking area codes (TAC) corresponding to the RN cells toward the MME. The existing “eNB Configuration Update” procedure on the S1/X2 interfaces can be used for this purpose.
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Figure 30: RN startup procedure – Alt 4 -
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