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1   Introduction
In response to one LS R2-091996 [1] from RAN1, RAN2 had a related discussion on Type I Relay protocol architecture during RAN2#65bis meeting, and agreed on the following definitions:

Nodes:

· Donor-eNB: eNB which Relay-Node connects wirelessly to

· Relay-Node: entity which exists between Donor-eNB and UE

· UE: could be LTE Rel-8 UE (i.e. backward compatibility is supported)

Interfaces:

· Uu: interface between UE and Relay-Node

· Un: interface between Relay-Node and Donor-eNB

Based on the above definitions, the following agreements have further been reached:

1) On Uu interface, all AS control plane protocols are terminated in the Relay-Node

2) On Uu interface, all AS user plane protocols are terminated in the Relay-Node

3) Un interface should be standardized in 3GPP specification

4) On Un interface, user plane will have MAC, RLC and PDCP. It is FFS if they are identical to Uu MAC, RLC and PDCP

5) On Un interface, control plane is still FFS

In RAN2#65bis and RAN3#63bis meeting, no consensus has been reached on whether S1 interface should terminate at Donor-eNB or on Relay-Node. On the same time, for the above agreements 1) and 2), RAN2 is still concerned that whether these will bring some security issues or not, so one LS R2-092711 [3] is sent to SA3 from RAN2 to verify this concern. 
This contribution makes an overall analysis on the Type I Relay protocol architecture designing and the focus on S1 termination which involves e.g. security and other related issues. The target is to clarify the S1 termination for type 1 relay involved LTE-Advanced system and to give the preference accordingly.
2   S1 terminations
According to the definition of type1 relay and recent conclusions, Uu interface terminates at Relay-Node, while UE S1 (S1-U/S1-MME) termination may have 2 alternatives for discussion as the following:

· S1 terminates at Relay-Node.

· S1 terminates at Donor-eNB.

2.1   S1 terminated at Relay-Node

[image: image1.emf]RLC

MAC

PHY

RLC

MAC

PHY

PDCP

RLC

MAC

PHY

PDCP

RLC

MAC

PHY

L2

L1

L2

L1

UE RN Donor eNB S-GW

GTP-U

UDP/IP

UDP/TCP

IP

GTP-U

UDP/IP

PDCP PDCP

APP


Fig. 1 S1-U terminated at Relay-Node

[image: image2.emf]MAC

PHY

MAC

PHY

PDCP

RLC

MAC

PHY

PDCP

RLC

MAC

PHY

L2

L1

NAS

S1AP

L2

L1

UE RN MME

SCTP

IP

NAS

RRC

SCTP

IP

RRC S1AP

RLC

PDCP

RLC

PDCP

Donor eNB


Fig. 2 S1-MME terminated at Relay-Node
When S1 terminates at Relay-Node, the typical user plane and control plane protocol stacks are shown in figures 1 and 2, respectively. And as a result, the following features can be seen:
· S1 connection physically consists of 2 parts: the Un interface between Relay-Node and Donor-eNB and the wired connection part from Donor-eNB to EPC entity.

· Relay-Node will encapsulate the UE payload and add the GTP/UDP/IP header in S1-U transmission.

· Relay-Node acts as a radio network layer node and a transport network layer node.

· S1 signallings are exchanged between Relay-Node and MME directly.

· GTP tunnelling and transport layer IP connection are setup between Relay-Node and GW directly.

· For UE under Relay-Node, Donor-eNB mainly works as a transport network layer node that routes the IP packets between Relay-Node and relevant GW(s)/MME(s). 
2.2   S1 terminated at Donor-eNB
When S1 is terminated at Donor-eNB, the user plane view of protocol architecture is shown in Figure 3. 
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Fig. 3 S1-U terminated at Donor-eNB
When S1 is terminated at Donor-eNB, a typical control plane protocol stack is shown in Figure 4. According to agreement reached in the RAN2 65bis meeting, RRC of Uu interface is terminated at Relay-Node. And all S1 control plane protocols including S1-AP, SCTP and IP are located in Donor-eNB.
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Fig. 4 S1-MME terminated at Donor-eNB

As a summary, when S1 terminates at Donor-eNB, the following features can be seen:
· Since Relay-Node can be seen as an air interface node in-the-middle which controls the behaviours of the attached UEs, information exchange between Relay-Node and Donor-eNB is needed for the Relay-Node to manage Uu interface.
· Donor-eNB will encapsulate the UE payload and add the GTP/UDP/IP header in S1-U transmission.

· Donor-eNB acts as a transport network layer node and a radio network layer node as shown in the figures.

· S1 signallings are exchanged between Donor-eNB and MME.

· GTP tunnelling and transport layer IP connection of UEs that are attached to Relay-Node are setup between Donor-eNB and GW directly
2.3   Common aspects

Regardless where S1 terminates, aspects such as the bearer mapping and multiplexing between Uu and Un is interesting
· 1-to-1

· N-to-1

· MultiUE-to-1

The bearer mapping relationship needs to be exchanged between donor eNB and RN, so that the packets can be scheduled according to different bearer QoS requirement and UE priority.
We think implementations may be different but there is no fundamental difference wrt multiplexing capabilities regarding the Place of S1 termination. 
3   Analysis on S1 terminations
3.1   Comparison table

As shown in the table 1, two S1 terminations are comprehensively compared with each other in following important aspects:
Table 1    S1 termination comparison

	
	S1 termination

	
	Relay-Node 
	Donor-eNB

	Header cost
	In S1-U plane, the S1-U header, i.e. GTP/UDP/transport IP headers added by Relay-Node will be transmitted over the Un interface which will introduce the additional overhead in radio transmission. 
Some new header compression solutions are essential to address the problem, which are also probably out of scope of 3GPP specification. 
In S1-MME plane, since e.g. SCTP header and heartbeat mechanism used to maintain the SCTP association status are introduced, the header/signalling overhead can’t be ignored either.

	No additional S1 header overhead is introduced into Un interface either.


	Impact on S1 signalling transmission 
	The S1 signalling that possibly carries a large amount of information will be directly transmitted to Relay-Node over air interface Un. 
Thus additional signalling overhead will be introduced.

	Though S1 signalling transmission terminates at Donor eNB, Relay-Node still needs relevant information for control of Uu interface. Such information can be sent from Donor eNB carrying by RRC messages.
However, some information in the S1AP signalling is no longer necessarily to be sent to Relay-Node (e.g. MME UE S1AP ID, eNB UE S1AP ID, Transport Layer Address, GTP TEID etc). 
Moreover, since such information exchanges are carried in RRC messages, some optimizations can be applied based on current LTE RRC procedures, therefore the signalling overhead and procedure interaction delay in Un are further reduced.


	Impact on Donor-eNB
	Donor-eNB can be seen as an IP layer router with wireless Un interface. However, eNB still needs to know relevant information to map the IP flows of UE(s) into relevant Un bearers correspondingly.

Since S1 AP messages carrying such information are directly sent to Relay-Node, new additional procedures are necessary for the interactions between eNB and Relay-Node/EPC.

	Donor-eNB would have more of a “real” UE context. 

	Impact on MME/S-GW
	S1 interface number will increase which mainly depends on the scale of Relay-Node deployment.

EPC can see Relay-Node as an eNB or a new LTE-A device. And Relay-Node shall have its own identifier in EPC (e.g. eNB ID).

	In this case, Relay-Node may no need to have its own identifier in EPC to interact with MME/GW, hence no impact on EPC. 

Moreover, since Donor-eNB and Relay-Node can physically share the same S1 termination, some procedures e.g. handover between Relay-Node and Donor-eNB can be optimized.



	Security
	The security between Relay-Node and MME can be realized by the two methods: 

1)
The first is the IPsec security in IP layer between Relay-Node and MME, this brings new requirement for the Relay-Node to support IPsec tunnel mode mandatory, and transport Mode optionally. And it also requires the IPsec security to be used in air interface instead of in the normal NDS (Network Domain Security). 

2)
The security can be realized by protecting the air-interface between Relay-Node and eNB, the security protection between eNB and CN can be realized by the existing NDS security. 

	The security between eNB and MME can be realized by the existing NDS security in LTE. 
And the security design of the air-link between Relay-Node and eNB can refer to the Uu interface security in LTE, it can be designed as UE specific or multiple UEs shared based on pre-shared key or certificate method. 
There is no further requirement in Relay-Node either in S1 interface aspect or IPsec support aspect.  This helps to make Relay-Node a relatively simple and cheap product.


	Control plane Latency
	
	In this case Donor-eNB can directly obtain QoS information (from S1 signalling) to trigger relevant RB management procedures (in Un and Uu) and QoS negotiation with Relay-Node, therefore can introduce less interaction delay and signaling overhead than S1 terminates at Relay-Node.



	Complexity of Relay-Node
	As discussed above, if S1 terminates at Relay-Node, some protocols such as SCTP, GTP will operate in Relay-Node, which may introduce considerable complexity for Relay-Node. 
And whether these protocols are applicable over radio bearer needs further analysis.

	The Relay-Node acts as an air interface node in-the-middle. All the protocols in transport network layer are not needed at Relay-Node, hence the complexity of Relay-Node is reduced.


3.2   Summary
According to the analysis above, we see more benefits to terminate S1 interface at Donor-eNB for the following reasons:

· More efficient in Un transmission due to simple elimination of additional header cost. 
· Simpler and more flexible to optimize relevant procedures (e.g. HO, RB management, etc) in Un interface.

· Can further reduce the complexity of Relay-Node and make it a relatively simpler and cheaper device for large scale deployment in the future.
Therefore we propose that:

Proposa1: S1 interface should terminate at Donor-eNB.
4   Conclusion

In this document we analyzed the S1 termination issue in type1 relay scenario, by giving the corresponding protocol stacks and comparing with the two possible solutions (terminated at Relay-Node or at Donor-eNB), and the following proposal were drawn from the analysis.

Proposal: S1 interface should terminate at Donor-eNB, and it is proposed to capture the following text proposal into 3GPP TR 36.912
-------------------------------------------Text proposal-------------------------------------------

9. Relaying

9.x Protocol structure
9.x.x Relay User Plane Protocol Stack Architecture
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Figure A User Plane Protocol Stack for Type 1 Relay-Node
9.x.x Relay Control Plane Protocol Stack Architecture
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Figure B Control Plane Protocol Stack for Type 1 Relay-Node
Figure A and B illustrate the protocol stacks of Relay-Node and Donor-eNB in UP/CP respectively. The following features are covered:

· S1-U/S1-MME for UE attached to Relay-Node shall terminate at Donor-eNB.

· Donor-eNB will encapsulate the UE payload and add the GTP/UDP/IP header in S1-U transmission. GTP tunnelling and transport layer IP connection of UEs attached to Relay-Node are setup between Donor-eNB and GW.
· S1AP signallings are exchanged between Donor-eNB and MME.

· Since Relay-Node can be seen as an air interface node in-the-middle which controls the behaviours of the attached UEs, information exchanges between Relay-Node and Donor-eNB are necessary for the Relay-Node to manage Uu interface. Such exchanges can be carried in RRC messages and transmitted over Un as shown in Fig. B.
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