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1   Introduction
During RAN3#64 meeting, R3-091447[2] was reached as a baseline paper on LTE-A Relaying functionality, and the “Full-L3 relay, transparent for DeNB” relay architecture was introduced as the assumed relay architecture. 

As we all know, there are 4Alts discussed in RAN2 [1]:

· Alternative1: Full-L3 relay, transparent for DeNB
· Alternative2: Proxy S1/X2 (RN looks like cell under DeNB to MME)
· Alternative3: RN bearers terminate in DeNB
· Alternative4: S1 termination in DeNB
During the RAN2 discussion, because there are lots of native advantages in “S1 termination in DeNB”, the Alt4 is regarded as a candidate alternative and supported by many companies.

After detailed analyses, in order to get a more complete considering of relay architecture in RAN3, we propose to add the Alt4 into RAN3 baseline paper as assumed relay architecture.
This contribution will compare the Alt4 and Alt1 from several aspects.
2   Discussion
2.1   Alternative 1 analyses

In R3-091447[2], the overall architecture of the L3 relay is described in figure below: 
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Figure 1: L3 Relay architecture
The L3 Relay architecture has the advantages that the relay could be deployed in Rel8 LTE network without too much modification, it can support mobile relay easily; but on the other hand, it also has some disadvantages which should be considered, for example:
First, according to R2-093972[1], the DeNB is simply providing backhaul connectivity for the RN and does not interpret any of the S1-AP messages passing through it; 
· In order to achieve UE E-RABs and RN EPS bearers mapping, the mapping mechanism based on the DSCP instead of TFT needs to be added on the PGW which affect the EPC functionality, and the mapping rule between QCI and DSCP needs to be standardized which is beyond the scope of 3GPP.
· Under this architecture, S1-related messages are carried over U-plane, which means S1 messages are not Integrity-Protected;

· Per-UE per-bearer flow control mechanism on the Un interface is not supported;

Second, RN’s SGW/PGW will be introduced as a new network node in the UE data transmission path,

· It will lead to the longest UE’s U-plane data transfer latency among 4Alts, 

· The C-Plane latency (i.e. transition time from idle to active state)  will be increased significantly; 

· It has the longest handover packet forwarding path in 4Alts, because RN should forwards packets to the target eNB via the DeNB and the P/S-GW of the RN in the EPC, and it can not avoid the back and forth forwarding over Un;

Third, the overhead issue should be considered in this architecture, maybe the new RoHC profile of GTP/UDP/IP could be provided by IETF, but under multi-hop scenario, the overhead will become worse due to the nested GTP/UDP/IP headers to be handled over the air interface, and several nested P-GWs/S-GWs;

2.2   Alternative 4 analyses
In this architecture, the DeNB acts as the termination for S1 connections towards EPC, and RN can be simply seen as a cell managed by the DeNB on the EPC PoV.
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Figure 2: Relay architecture of Alt4
2.2.1   Protocol stack architecture
Figure 3 and Figure 4 shows the protocol stacks at each node for the control plane and user plane.
Control-plane:
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Figure 3: C-plane architecture alternative 4
In Control-Plane, there are S1AP and RRC layers over Un interface;
· S1AP messages will be carried by Un SRB (i.e. RRC messages) just like NAS, and will be integrity-protected, 

· The DeNB could interpret the passing through S1-AP message, so partial success group mobility, interference coordination and load balancing between RN and Neighbour eNB could be easily supported [5].
· The overhead on Un interface could be minimized, due to no TNL layers under S1AP [3].

· The AS control procedures of Un (RN access procedure, MRN mobility procedures, etc.) can re-use the mechanisms in current RRC protocol;
User-plane:
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Figure 4: U-plane architecture alternative 4

In User-Plane, the S-GW serving the UE maps the incoming IP packets to the GTP tunnels corresponding to the EPS bearer of the UE and sends the tunneled packets to the TNL IP address of the DeNB. Upon the DeNB receiving the tunneled packets from S-GW, the received packets are de-tunneled and 1-to-1 mapped to the Un radio bearers corresponding to the EPS bearer of the UE, i.e. for each EPS bearer of UE connected to the RN, there is a separate radio bearer over Un interface as a part of UE EPS bearer for the transmission. 
· The overhead on Un interface could be minimized, due to no TNL layers above PDCP layer.[TNL]
· It can achieve one to one RB mapping between RN EPS bearers and UE E-RABs, can allow per-UE per bearer flow control mechanism on the Un interface, and flexible RRM procedures could be supported, such as access control, flow control and Qos control, etc [4].
· During Handover, data forwarding is shortcut at the DeNB and neither needs to involve back and forth forwarding over Un, nor involve routing via the EPC;
· This architecture can be easily extended to support multi-hop, and it will not introduce nested GTP/UDP/IP headers issue [6].
According to the analyses above, comparing to Alt1, the Alt4 has its native advantages; we should not only focus on Alt1 and its optimizations but also taking Alt4 into account.

Proposal: In order to get a complete considering of Relay Architecture, with a view to the advantages of Alt4, we propose to add the Alt4 into RAN3 baseline paper as an assumed architecture.
3   Conclusion

According to the analyses, there are some drawbacks in the “L3 Relay architecture”, and native advantages in Alt4, in order to avoid potential problems in later stage, we get the proposal below:
Proposal: In order to get a complete considering of Relay Architecture, with a view to the advantages of Alt4, we propose to add the Alt4 into RAN3 baseline paper as an assumed architecture, and it is proposed to capture the following text proposal into RAN3 baseline paper and internal TR.

---------------------------Text proposal for the baseline paper--------------------------------

In this architecture, the DeNB acts as the termination for S1 connections towards EPC, and RN can be simply seen as a cell managed by the DeNB on the EPC PoV.
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Figure 5: Relay architecture of Alt4
3.1.1   Protocol stack architecture
Figure 3 and Figure 4 shows the protocol stacks at each node for the control plane and user plane.

Control-plane:


[image: image6.emf]NAS

RRC

PDCP

RLC

MAC

PHY

PDCP

RLC

MAC

PHY

PDCP

RLC

MAC

PHY

PDCP

RLC

MAC

PHY

SCTP

IP

L2

L1

NAS

S1AP

SCTP

IP

L2

L1

UE RN Donor eNB MME

RRC

RRC RRC

S1AP

S1AP S1AP


Figure 6: C-plane architecture alternative 4
In Control-Plane, there are S1AP and RRC layers over Un interface;

· S1AP messages will be carried by Un SRB (i.e. RRC messages) just like NAS, and will be integrity-protected, 

· The DeNB could interpret the passing through S1-AP message, so partial success group mobility and interference coordination and load balancing between RN and Neighbour eNB will be easily supported.

· The overhead on Un interface could be minimized, due to no TNL layers under S1AP.

· The AS control procedures of Un (RN access procedure, MRN mobility procedures, etc.) can re-use the mechanisms in current RRC protocol;

User-plane:
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Figure 7: U-plane architecture alternative 4

In User-Plane, the S-GW serving the UE maps the incoming IP packets to the GTP tunnels corresponding to the EPS bearer of the UE and sends the tunneled packets to the TNL IP address of the DeNB. Upon the DeNB receiving the tunneled packets from S-GW, the received packets are de-tunneled and 1-to-1 mapped to the Un radio bearers corresponding to the EPS bearer of the UE, i.e. for each EPS bearer of UE connected to the RN, there is a separate radio bearer over Un interface as a part of UE EPS bearer for the transmission. 
· The overhead on Un interface could be minimized, due to no TNL layers above PDCP layer.

· It can achieve one to one RB mapping between RN EPS bearers and UE E-RABs, can allow per-UE per bearer flow control mechanism on the Un interface, and flexible RRM procedures could be supported, such as access control, flow control and Qos control, etc.

· During Handover, data forwarding is shortcut at the DeNB and neither needs to involve back and forth forwarding over Un, nor involve routing via the EPC;

· This architecture can be easily extended to support multi-hop, and it will not introduce nested GTP/UDP/IP headers issue.
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