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1 Introduction
The relay architecture requires that the DeNB hosts the S-GW/P-GW functionality for supporting RNs [1]. However, the required “S-GW/P-GW functionality” that needs to be implemented in the DeNB has not yet been fully discussed. In this paper, we discuss the P-GW and S-GW functions and clarify the necessary functions in the DeNB.
2 Discussions
The required functions for S-GW and P-GW are described by 3GPP TS23.401 [2]. Given the difference between the RN and normal UE, it may not be necessary for the RN S-/P-GW collocated with the DeNB to host all the functions as specified for S-/P-GW located in core networks [2]. Therefore, it should be discussed and clarified which S-GW and P-GW functions are necessary in the DeNB so that the DeNB can be simpler and cost-efficient by removing unnecessary functions. 
3  P-GW functions in the DeNB
3.1 P-GW functions for a normal UE
According to 3GPP TS 23.401 [2], the following functions are identified for the UE P-GW for terminating the Gi interface (clause 4.4.3.3).
P-GW functions include for both the GTP-based and the PMIP-based S5/S8:

-
Per-user based packet filtering (by e.g. deep packet inspection);

-
Lawful Interception;

-
UE IP address allocation;

-
Transport level packet marking in the uplink and downlink, e.g. setting the DiffServ Code Point, based on the QCI of the associated EPS bearer;

-
Accounting for inter-operator charging;

-
UL and DL service level charging as defined in TS 23.203 
(e.g. based on SDFs defined by the PCRF, or based on deep packet inspection defined by local policy);

-
Interfacing OFCS through according to charging principles and through reference points specified in TS 32.240 .

-
UL and DL service level gating control as defined in TS 23.203 ;

-
UL and DL service level rate enforcement as defined in TS 23.203 
(e.g. by rate policing/shaping per SDF);

-
UL and DL rate enforcement based on APN-AMBR
(e.g. by rate policing/shaping per aggregate of traffic of all SDFs of the same APN that are associated with Non-GBR QCIs);

-
DL rate enforcement based on the accumulated MBRs of the aggregate of SDFs with the same GBR QCI
(e.g. by rate policing/shaping);

-
DHCPv4 (server and client) and DHCPv6 (client and server) functions;

-
The network does not support PPP bearer type in this version of the specification. Pre-Release 8 PPP functionality of a GGSN may be implemented in the PDN GW;
-
packet screening.

Additionally the PGW includes the following functions for the GTP-based S5/S8:

-
UL and DL bearer binding as defined in TS 23.203 ;

-
UL bearer binding verification as defined in TS 23.203 ;

-
Functionality as defined in RFC 4861 ;

-
Accounting per UE and bearer.

First of all, according to the current relay assumption, both S-GW and P-GW of RN is collocated with the DeNB, and hence the S5/S8 is a DeNB internal interface. The support of GTP based S5/S8 should be optional because the Un interface reuses the same air interface technology as that on Uu interface and the P-GW is located in 3GPP RAN, the support of PMIP-based S5/S8 should be not necessary.
It is not necessary for the RN P-GW to host the following functions, such as Per-user based packet filtering, Lawful Interception, UL and DL service level charging, UL and DL service level gating control, UL and DL service level rate enforcement, UL and DL rate enforcement based on APN-AMBR, DL rate enforcement based on the accumulated MBRs of the aggregate of SDFs with the same GBR QCI, packet screening, UL and DL bearer binding, UL bearer binding verification, Accounting per UE and bearer. This because the RN relays the traffic for its connected UE(s) and for these UEs the related functions are realized by UE P-GW located in the core network.
Furthermore, the P-GW collocated with the DeNB and UE P-GW are operated by the same operator unless the P-GW is used as L-GW for local breakout. Hence, the function of Accounting for inter-operator charging is not necessary for the RN P-GW. The PPP bearer type support function is not necessary for RN P-GW because RN is introduced in Rel10.    
From the P-GW point of view, the RN is a UE and hence it is necessary to allocate IP address(s) to this UE and provide QoS support. Considering that the IP address allocated to RN is from operator internal IP domain, the IP address allocation mechanism may be simplified furthermore. i.e., IP address allocation during default bearer activation process is enough and alternative way of IP address configuration via DHCPv4 or DHCPv6 is considered not necessary.  As for the functionality as defined in RFC 4861, it also not necessary because the RFC concentrates on IPv6 neighbour discovery issue and no IP neighbour needs to be detected in case a unique IPv6 prefix is allocated to UE.  
Observation 1: It is necessary for the DeNB to host the following P-GW functions:

-
UE IP address allocation;

-
Transport level packet marking in the uplink and downlink, e.g. setting the DiffServ Code Point, based on the QCI of the associated EPS bearer;

Additional relay specific P-GW functions

Besides the existing P-GW functions specified for normal UE, some additional functions may be necessary for RN P-GW due to the difference between the normal UE and RN. According to the assumption of determined relay architecture, the UE EPS bearer will be carried by RN EPS bearer between the RN P-GW collocated with DeNB and the RN. Compared to UE P-GW that maps the received IP packets to corresponding UE EPS bearer based on the stored DL TFT , the RN P-GW shall be able to detect the GTP header encapsulated in the received IP packet from UE S-GW to find the corresponding QoS profile of the UE EPS bearer , and map the UE EPS bearer to the corresponding RN EPS bearer according to configured mapping rules. Therefore, the RN P-GW should be able to map the UE EPS bearer to corresponding RN EPS bearer based on the configured QoS mapping rules from the OAM system.
Observation 2: Besides the existing P-GW functions, the following function is necessary for the RN P-GW

· In DL, mapping the UE EPS bearer to the corresponding RN EPS bearer based on the QoS mapping rule configured by OAM system;
4 S-GW functions of DeNB

Besides the P-GW, the RN S-GW is also collocated with the DeNB, according to 3GPP SA2 spec [2], the following functions are required for UE S-GW functions:
The functions of the Serving GW, for both the GTP-based and the PMIP-based S5/S8, include:

-
the local Mobility Anchor point for inter-eNodeB handover;

-
sending of one or more "end marker" to the source eNodeB, source SGSN or source RNC immediately after switching the path during inter-eNodeB and inter-RAT handover, especially to assist the reordering function in eNodeB.

-
Mobility anchoring for inter-3GPP mobility (terminating S4 and relaying the traffic between 2G/3G system and PDN GW);

-
ECM-IDLE mode downlink packet buffering and initiation of network triggered service request procedure;

-
Lawful Interception;

-
Packet routing and forwarding;

-
Transport level packet marking in the uplink and the downlink, e.g. setting the DiffServ Code Point, based on the QCI of the associated EPS bearer;

-
Accounting for inter-operator charging. For GTP-based S5/S8, the Serving GW generates accounting data per UE and bearer;

-
Interfacing OFCS according to charging principles and through reference points specified in TS 32.240 [51].

Due to the same consideration as for P-GW, the PMIP-based S5/S8 should not be necessary and the GTP-based S5/S8 should be optional for RN S-GW. Besides, certain functions, such as Lawful Interception, Accounting for inter-operator charging, Interfacing OFCS, are also not necessary for S-GW based on the analysis for P-GW.
In Rel10, only fixed relay is considered, so the mobility management related functions, such as local Mobility Anchor point for inter-eNodeB handover, sending of one or more "end marker" to the source eNodeB immediately after switching the path during inter-eNodeB and inter-RAT handover, Mobility anchoring for inter-3GPP mobility, are not necessary for RN S-GW in Rel10. 

Given that both the DeNB and RN P-GW are collocated with RN S-GW, the S1-U, and S5/S8 are DeNB internal interface. Therefore certain functions, such as Packet routing and forwarding, Transport level packet marking in the uplink and the downlink, should be optional for the S-GW.
Based on the analysis, the only necessary function for RN S-GW is UE idle mode related function. Considering the S1AP/X2AP and OAM traffic on Un interface, the RN would not be in idle mode for long time in normal situation., therefore, the S-GW function related to ECM-IDLE should also be optional.     
Observation 3: It is optional for the DeNB to host the following S-GW functions:

-
ECM-IDLE mode downlink packet buffering and initiation of network triggered service request procedure;
5 Conclusion
In this document we have discussed the necessary S-GW and P-GW functions in the DeNB. We ask RAN3 to clarify the S-GW/P-GW-like functionality in the DeNB and determine the necessary S-GW/P-GW functionality in detail. The following observations and proposal are given based on the analysis.
Observation 1: It is necessary for the DeNB to host the following P-GW functions:

-
UE IP address allocation;
-
Transport level packet marking in the uplink and downlink, e.g. setting the DiffServ Code Point, based on the QCI of the associated EPS bearer;
Observation 2: Besides the existing P-GW functions, the following function is necessary for the RN P-GW:

· In DL, mapping the UE EPS bearer to the corresponding RN EPS bearer based on the QoS mapping rule configured by OAM system;
Observation 3: It is optional for the DeNB to host the following S-GW functions:

-
ECM-IDLE mode downlink packet buffering and initiation of network triggered service request procedure;
Proposal: RAN3 to discuss the above observations and agree to send a LS to SA2 asking for guidance and addition of the requirements on DeNB to SA2 specifications. 

Draft of the LS is proposed for approval in [3].
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