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1 Introduction
Two relay architectures, architecture A and B, have been identified in previous meetings [1]. Architecture A has three variants and alt1 is considered as the basic variant. In alt1, the RN P/S-GW node is responsible for mapping UE EPS bearer to RN EPS bearer and two methods are proposed for bearer mapping: using static QoS and introducing new SDF filter.

Till now, which mapping method should be chosen has not been discussed. In our view, the above two methods will cause different impact the LTE-A system. To make the mechanism of alt1 clearer, it’s helpful to decide which mapping method to be chosen before we decide relay architecture. 
In this contribution, we compare the two mapping methods and suggest that new SDF filter should be adopted. Then enhancement for architecture A is proposed to carry out the SDF enhancement method.

2 Discussion
2.1 Background
The two proposed methods in [2] for RN P/S-GW mapping the UE EPS bearers to RN EPS bearers are following:
1) SGW/PGW (RN) should utilize DS code as explained below.
	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.


2) Enhancing SDF

Alternatively, the SDF can be enhanced to include next header information. This allows the Relay to specify an SDF that is capable of filtering User-UE’s individual EPS bearers into proper Relay-UE’s EPS bearers at the Relay-UE’s PGW. 

2.2 Impact to core network nodes

To simplify the discussion, let’s take the UE-MME as an example. While RN is deployed, UE-MME looks RN as an eNB in alt1. The S1-AP messages, encapsulated in IP packets, sent between the RN and the MME need to be mapped to user plane EPS bearers of the RN. RN P/S-GW is responsible for mapping IP packets from UE-MME to correct RN EPS bearer. 
When static QoS method is used, RN P/S-GW should use the DiffServ codepoint in ToS field of the incoming IP packets to perform the bearer mapping, which means that the UE-MME is forced to set the ToS field of all outgoing IP packets according to pre-defined configurations. And some communication mechanism needs to be introduced to make sure that the UE-MME and the RN P/S-GW share the same understanding on the value of ToS field. 

In LTE system, how to set the ToS field of the IP packets carrying S1-AP message is an implement issue and beyond the scope of 3GPP. Therefore, static QoS method will lead to the standardization of setting the ToS field, which will impact the existing UE-MME nodes. In addition to UE-MME nodes, all the control plane core network nodes communicating with RN, such as OAM, MCE, are impacted for the same reason.
While new SDF filter is adopted, RN P/S-GW parses the incoming IP packets destined to RN to determine which RN bear the incoming packet should be mapped to. The mapping can be based on the source IP address of the incoming packets. In another word, when SDF filter in RN P/S-GW receives an IP packet from UE-MME, it considers the incoming packet carrying S1-AP messages and maps it to RN EPS bearer reserved for S1-AP. New SDF filter needs no additional standardization work and can be achieved by configuring some TFTs in RN P/S-GW.
In our understanding, using static QoS method enforces some modification to the existing protocols and almost all core network nodes are affected. While introducing new SDF filter in RN P/S-GW does not have any impact to the core network nodes but RN P/S-GW and the only impact is to configure some TFTs in RN P/S-GW. 
2.3 QoS control
We notice that bearer level QoS parameters include QCI, ARP, GBR and MBR. But in [3], it is defined that UE P/S-GW functions include:

-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. 

That is to say, only QCI information is indicated by DiffServ codepoint. When static QoS method is used, the UE EPS bearer with the same QCI will be mapped to the same RN EPS bearer, no matter whether the other QoS parameters, such as ARP, GBR and MBR, are the same or not. 
While new SDF filter is adopted, RN P/S-GW can distinguish UE EPS bearers by looking over GTP-U header or inner IP/UDP header of incoming IP packets, as illustrated in Fig1.
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Fig 1 Downlink IP packet received by RN P/S-GW
In case RN P/S-GW is aware of the QoS parameters of every UE EPS bearer, then all the QoS parameters can be considered in bearer mapping. Taking ARP as an example, the UE EPS bearers with different ARP can be mapped to different RN EPS bearers, even if they have the same QCI. This is very useful when we take the relay mobility into account e.g. if target DeNB has not enough resource to permit all RN EPS bearers, the bearers with lower ARP value may be released. Another example is RN P/S-GW can identify individual UE EPS bearer is very helpful for RN P/S-GW to sharp the incoming traffic flow according to the GBR and MBR parameters binding to a UE EPS bearer.
In our view, introducing new SDF filter can provide more accurate QoS guarantee to UE EPS bear than static QoS method. 
2.4 Comparison
Table 1: Comparison of alternatives
	
	Using static QoS
	Introducing new SDF filter

	Impact to CN nodes
	Many CN nodes are enforced to set the DiffServ codepoint in ToS field of the outgoing IP packets.
	Besides RN P/S-GW node, no other CN nodes are affected.

	QoS control
	rough
	accurate


Table 1 compares static QoS method and new SDF filter method. Considering the advantage of new SDF filter method in the above aspects listed in the table, new SDF filter method is preferred.
Proposal 1: To introduce less impact to CN nodes and provide more accurate QoS control, new SDF filter should be adopted in RN P/S-GW.

2.5 Enhancement of alt1
To implement QoS control, RN P/S-GW should know the QoS parameters of every passing through UE EPS bearer. Surely, some new signaling flows can be designed for this purpose. But considering that all these information are contained in S1-AP messages sent between RN and UE-MME and these S1-AP messages go via RN P/S-GW, we propose to enforce RN P/S-GW to decode and forward the S1-AP messages without changing them. By decoding S1-AP message, RN P/S-GW can obtain the necessary information for QoS control.
The control plane of proposed enhancement is illustrated in Fig2. S1-AP message are terminated at RN and UE-MME as before. RN P/S-GW only decodes and forwards the S1-AP messages transparently.
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Fig 2 Control plane of proposed enhancement
By decoding the S1-AP messages, RN P/S-GW can also get the UE bearer information, e.g. transport layer address and GTP TEID of the established UE EPS bearer. Upon the reception of user plane incoming IP packets, RN P/S-GW decodes the IP header and GTP-U header of the GTP IP packet sent by the UE-S/PGW, then it distinguishes UE EPS bearers according to the IP address and GTP TEID and maps the packets to the corresponding RN bearer based on the QoS of the UE bearer (the association is established at bearer setup by decoding the S1-AP message). So the enhanced SDF method can be deployed by checking the IP header and GTP header instead of checking inner IP header (UE’S IP header) and UDP header.
The user plane of proposed enhancement is illustrated in Fig3. 
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Fig 3 User plane of proposed enhancement
Proposal 2: RN P/S-GW can obtain the necessary information for QoS control by monitoring the S1-AP message going through;
Proposal 3: RN P/S-GW can distinguish UE EPS bearers by checking the GTP TEID field of the GTP-U header in the incoming IP packets.

3 Conclusion
In this contribution, proposals are given as follows:
Proposal 1: For intruding less impact to CN nodes and providing more accurate QoS control, new SDF filter should be adopted in RN P/S-GW.

Proposal 2: RN P/S-GW can obtain the necessary information for QoS control by monitoring the S1-AP message going through;
Proposal 3: RN P/S-GW can distinguish UE EPS bearers by checking the GTP TEID field of the GTP-U header in the incoming IP packets.
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4.2
Architecture A
4.2.1
Overview
Architecture A is based on the termination of both U-plane and C-plane of the S1 interface at the RN.  This architecture is then differentiated in a basic variant, Alt 1 and two other variants, Alt 2 and 3.
4.2.1.1
Relationship among alternatives in architecture A
Alternatives 1-3 share the common characteristics of Un interface.

Editor’s note: 
The impact of Un interface is FFS in the case of multi-hop relay and mobile relay.
The S1-MME interface is unmodified in all three architectures.  In alternative 2, it terminates in a proxy sense in the DeNB, while in the others it terminates at the relay node after being tunnelled through a bearer on the Un interface; whether these differences are visible to the core network is currently under discussion.

Finally, the X2 interface is also unmodified by all alternatives; again, alternative 2 affects its nominal termination point, but the peer at the other end of this proxied interface sees no impact.  The same applies to the DeNB; functioning as a donor does not oblige an eNB to support any changes to the X2 interface.
As illustrated in Fig. 4.2.1.1-1, the different optimization approaches offered by the alternative 1, 2, and 3 are transparent to a RN.  Fig. 4.2.1.1-1 also shows that the alternative 1, 2 and 3 are the architecture options in the same family, which can be realized by grouping/collocating different functional entities within/out of the DeNB.
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Figure 4.2.1.1-1. Relationship among alternatives in architecture A
Note that Relay GW in Fig. 4.2.1.1-1 has “home eNB GW” type of functionality, which is optional and transparent to the relay, the core network of the UE, and other eNBs. The Relay GW is included for the alternative 1 and 2. In alternative 1, Relay GW functionality is co-located in Relay-UE’s SGW/PGW. In alternative 2, Relay GW functionality is co-located in DeNB.

The issue of compatibility in the Un interface is important since it means that no definitive choice really needs to be made among alternatives 1-3: maintaining the central concepts of this architecture family characterising all three alternatives, it is possible to either optimise the solution with incremental steps or to deploy directly what would be considered as the most optimised choice.
4.2.2
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 4.2.2-1), 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 4.2.1-2 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 RN-PGW, which serves the RN, also needs to decide on the UE bearer to RN bearer mapping. The RN PGW may decode S1-AP messages sent between RN and UE-MME and store the UE bearer configuration information including UE bearer QoS information, transport layer address and GTP endpoint information.

-
The PGW of the RN receives the GTP tunneled packet addressed to the RN and classifies the packet into RN bearer according to packet filtering rules (based on the inner IP/UDP header or GTP endpoint information 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.
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