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1. Introduction
At the RAN2#66 meeting three architecture options have been identified for terminating the S1 interface at the relay node and it was left for email discussions and for further investigations to get a better understanding about the operation of these solutions in typical uses cases (e.g., basic packet delivery and packet handling at handover). In this contribution we address the details of packet delivery and signalling during regular operation and at handovers in case of the three architecture options of terminating S1 at the relay. We note that the termination of S1 at the relay was the agreed working assumption by RAN3 as well (RAN3#64).
The relay operation at other typical uses cases, such as at UE access, bearer setup or RN setup are discussed in separate contributions in [1] and [2].   
2. S1 termination options
The following three architecture options with S1 termination at the relay have been identified at the last RAN#66 meeting:

· Alt1: Full L3 relay, transparent for DeNB

· Alt2: Proxy S1/X2, RN looks like cell under DeNB 
· Alt3: RN bearers terminate in DeNB
In what follows we discuss how user packets are delivered in the different architecture alternatives and how the packet delivery is handled at handovers.
2.1. Packet routing
Figure 1 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. We assume that the RN bearer type is 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.

· The donor eNB maps the RN GTP tunnel to corresponding RN radio bearer and sends the packet to the RN over the radio interface.

· The RN maps the received packet to UE radio bearer corresponding to the UE GTP tunnel and sends the packet to the UE.

In the uplink, packet filters in the RN determine the UE bearer to RN bearer mapping, which can be done based on the QCIs of the UE bearer and the RN bearers. The details of bearer handling are discussed in [1].
We note that the same packet handling applies to Alt3 as well, where the S-GW/P-GW of the RN is integrated into the donor eNB.
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Figure 1: Packet routing in “Full L3 relay” (Alt1) and 
“RN bearers terminated in DeNB” (Alt3) architecture alternatives
The packet processing and tunneling in case of the “Proxy S1/X2” architecture alternative are shown in Figure 2. 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). 
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Figure 2: Packet routing in “Proxy S1/X2” (Alt2) architecture alternative
· 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, see [1] for details) and switches the UE bearer GTP tunnel from the SGW/PGW to another UE bearer GTP tunnel toward the RN (one-to-one mapping).
· The RN maps the received packet based on the per UE bearer GTP tunnel to the corresponding UE radio bearer.

In the uplink, packet filters in the RN determine UE bearer to RN bearer mapping. The setting and maintenance of packet filters are discussed in more details in [1].
2.2. Packet handling at handover
In case of the “Full L3 relay” solution the packet forwarding at handover happens according to the following steps, as illustrated in Figure 3. As an example, we assume a handover from the RN to an outside eNB and also show the special case of making a handover from the RN to the DeNB in the figures. The forwarding tunnels in other handover cases could be constructed similarly.
· The RN establishes per UE bearer GTP tunnels for the forwarding toward the target eNB.

· The RN sends the forwarded packets over the forwarding tunnel, where the forwarded packets are sent on one of the RN EPS bearers. The RN bearer used for forwarded traffic may be the same bearer as used for regular uplink backhaul traffic.

· As the endpoint of the RN bearer is located at the SGW/PGW of the RN, the forwarded traffic will necessarily go via the SGW/PGW.
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Figure 3: Packet forwarding in “Full L3 relay” (Alt1) architecture alternative
In case of the “RN bearers terminated in DeNB” (Alt3) architecture alternative, the traffic from the RN is broken out at the donor eNB, as the SGW/PGW of the RN is integrated into the donor eNB and thereby the packets in the forwarding tunnel go directly to the target eNB. The EPS bearer of the RN is composed only from the radio bearer part (no S1 bearer).
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Figure 4: Packet forwarding in “RN bearers terminated in DeNB” (Alt3) architecture alternative
In case of the proxy solution, it is assumed that the donor eNB implements proxy functionality for the X2 interface, similarly as for the S1 interface. This means that the per UE bearer forwarding tunnels are switched at the donor eNB, from an incoming tunnel to an outgoing tunnel with one-to-one mapping. 

The tunnel switching at the donor eNB enables to identify and access the UE bearers, which allows further optimization possibilities, e.g., to shortcut the forwarding at the donor eNB and thereby to avoid sending packets first down to the RN and then forwarding back to the donor eNB.
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Figure 5: Packet forwarding in “Proxy S1/X2” (Alt2) architecture alternative
2.3. S1/X2 control plane handling
The S1 control plane connections are illustrated in Figure 6 for the architecture alternative Alt1 and Alt3. The RN maintains its own S1 interface connectivity to the MME serving the UEs that are connected at the RN. On the given S1 interface there is one S1 signaling connection corresponding to each connected UE. The S1 interface and the signaling connections are spanning through the donor eNB transparently.
In the figure we also show the S1 interface relation and the S1 signaling connection corresponding to the RN as a UE and which spans from the donor eNB to the MME serving the RN.

We note that a similar logical structure would apply for the X2 interface relations (not shown in the figures).
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Figure 6: S1 signaling connections (Alt1 and Alt3 architecture alternatives)

The S1 interface relations and signaling connections for the proxy alternative (Alt2) are shown in Figure 7. 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 going via the DeNB with being processed (indicated by the arrows in the figure).
There is an S1 interface relation and an S1 signaling connection from the DeNB corresponding to the RN as a UE, similarly to the previous case.
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Figure 7: S1 signaling connections (Alt2 architecture alternative)
3. Conclusion and proposal
We have analysed the packet delivery mechanisms in case of the three architecture options for terminating S1/X2 in the RN both for regular packet routing and for packet forwarding at handover. Based on that we can conclude the following: 

· All architecture options would work basically with current available mechanisms.
· The “Full L3 relay” alternative becomes less efficient in case of packet forwarding at handover. 

· The “RN bearers terminated in DeNB” alternative removes the packet routing inefficiency at forwarding but the full optimization potentials with shortcut of packet forwarding at the DeNB are provided by the “Proxy S1/X2” alternative.
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