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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, where the detailed operation of the different alternatives have been left for further evaluation and for email discussions, such as UE access procedure, RN setup procedure. In this contribution we analyse the details of the UE related procedures, including UE access and bearer setup with the intention to get a better understanding of the different architecture alternatives. More specifically, we cover the UE related access procedures in case of the three architecture options of Alt1 (Full L3 relay), Alt2 (Proxy S1/X2) and Alt3 (RN bearers terminate in DeNB) in this document.
The procedures for RN setup are discussed in a [1] and the details of the S1/X2 operation in [2].

2. UE related access procedures
The UE attach procedure at RN in case of the “Full L3 relay” architecture alternative is shown in Figure 1, which corresponds to legacy UE Attach procedure seen from the UE, from the RN and from the MME point of view. One special aspect of the relaying case is to handle the mapping of UE bearer to RN bearer:
· When the MME (serving the UE) requests the creation of UE bearer from the SGW/PGW, the PGW can select the RN bearer type corresponding to the given UE bearer type. It creates a GTP tunnel for the UE bearer and will indicate the selected RN bearer type in the DS (Differentiated Services) field in the IP header of user plane GTP packets.  The mapping rule, i.e., which UE bearer QCI corresponds to which DS codepoint, which, in turn, corresponds to an RN bearer QCI, can be configured statically in the PGW.

It is assumed that the DS codepoint is preserved as the packet is passing through different routers and network nodes in the operator’s network.

· Filtering rules corresponding to the DS codepoints need to be pre-configured in the PGW of the RN. This means that packets sent to the IP address of an RN node are classified into RN bearers by the PGW serving the RN based on the DS filed of the IP packets, where the mapping rule between DS codepoint and RN bearer QCI needs to be preconfigured in the PGW serving the RN. 

· For the bearer mapping in the uplink, the RN can classify packets based on the UE bearer type, instead of classical IP packet filtering. These mapping rules, which specify the mapping between UE bearer QCI and RN bearer QCI, can be statically preconfigured in the RN.
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.

We note also that the signalling sequence would be similar in case of Alt3, with the difference that the SGW/PGW functionality for the RN would be integrated into the donor eNB, which means that the S1 signalling between the RN and the MME (RN) would be routed from the DeNB directly to the MME without going via a separate SGW/PGW node.
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Figure 1: UE attaches at RN - “Full L3 relay” architecture option -
The procedure in case of UE bearer setup is shown in Figure 2. (The signaling sequence would be similar for Alt3 as well, with the exception of SGW/PGW functionality for the RN integrated into the DeNB.) The bearer mapping can be done similarly as in the attach case, i.e., based on static pre-configuration between UE bearer QCI, DS codepoint and RN bearer QCI. 

· 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 can be initiated from the RN using the UE initiated “NAS Bearer Resource Request” procedure. 
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Figure 2: UE bearer setup - “Full L3 relay” architecture option -
The UE bearer setup sequence in case of the “Proxy S1/X2” architecture option is illustrated in Figure 3. (We show only the bearer setup, as the UE attach signaling could be constructed similarly.)
· In this solution the S1 message carrying the bearer setup request arrives to the donor eNB directly. The DeNB determines the UE bearer to backhaul bearer mapping by reading the UE bearer QCI from the S1 message and selecting the corresponding RN bearer QCI from a pre-configured mapping table. A statically preconfigured bearer mapping, as seen in the previous examples, may be used by the DeNB.

· 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. 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 3: UE bearer setup – “Proxy S1/X2” architecture option - 
3. Conclusion and proposal
· It is possible to use statically preconfigured mapping rules of UE bearer to RN bearer mapping based on QCIs, configured in the node containing “PGW” functionality for the UE (Alt1 and Alt3 architecture options) or in the DeNB (Alt2 architecture option) for the downlink and configured in the RN for the uplink. 
· The RN bearer type that a given UE packet belongs to can be indicated by Diffserv codepoints in the DS field of the IP header in  GTP tunnelled packets, needed in the downlink. In the proxy solution where the UE bearer tunnels are visible for the DeNB, there is no need to use the DS field since the bearer mapping can be done based on GTP TEIDs with the mapping created in the DeNB at the time when the UE bearer is setup.
· In case the backhaul bearer needs to be updated dynamically in response to UE bearers being added or removed, either the UE initiated bearer modification procedure, invoked from the RN acting as a UE, can be used (possible for Alt1, 2 and 3) or the network initiated bearer modification procedure, invoked from the DeNB can be used (possible only for Alt 2. 
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