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Discussion and decision
1. Introduction

This contribution proposes a protocol architecture for the Type-1 relay in the control and user planes. The proposed Relay architecture combines features from the alternative 2 in [1] and the alternative 4 in [2]. This document also discusses the RN starting up, UE attach via RN and UE mobility procedures in details. The primary focus of this proposal is the fixed RN for two-hop relaying.  However, this architecture is extensible to the multi-hop RN and the mobile RN if required.
2. Discussion
Major advantages of the proposed Relay architecture are following.

1. The C-plane of Un performs S1 messages forwarding via RRC, which is similar to forwarding NAS messages via RRC between UE and MME. The PDCP performs integrity protection on the control plane data only, which is mapped on SRB1 and SRB2, not on DRBs. Therefore, adopting a RRC-based S1 message forwarding scheme at the Un interface would keep the security protection for the C-plane consistent across air interfaces (Uu and Un).

2.  The transport and processing overheads caused by TNL for the control and user plane transport on the Un interface is lower than alternative 1, 2 and 3 in [3], which mandate IP/UDP and IP/SCTP on the Un interface. Whereas the proposed architecture requires no IP headers on the Un interface.
3. DeNB of the proposed architecture supports the feature of proxy functionality as mentioned in the alternative 2, i.e. the HeNB GW-like functionality, to avoid unnecessary back and forth data forwarding over the Un interface during handover. 
4. Comparing with the alternative 4 in [3], there is fewer impacts on the existing Rel-8 specifications due to reusing RRC for the C-plane and preserve the GTP header for the U-plane.
Type 1 Relay Architecture
This contribution is to use RRC instead of SCTP/IP in the TNL to relay S1-AP/X2-AP messages over the Un interface in the control plane; and DeNB terminates the S1-AP messages both towards the RN and the EPC pool shown in the Fig. 2.1-1. DeNB translates the S1-AP UE IDs in the receiving S1-AP messages between the Un interface and the S1-MME interface. DeNB leaves other parts of S1-AP messages unchanged. Hence, DeNB accommodates the S1-AP proxy mechanism and HeNB GW-like functionalities as mentioned in the alternative 2. 
The PDCP of Un performs integrity protection on control plane data only, which is mapped on SRB1 and SRB2. Therefore, the security protections for the control plane of Un is consistent with the control plane security protections of Uu.
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Fig. 2.1-1 C-plane architecture
Both RN and DeNB terminate the user plane messages of S1 interface. For the user plane transport, a GTP tunnel is over PDCP directly without UDP/IP protocol layer shown in the Fig. 2.1-2. DeNB with HeNB GW-like functionalities translates the TE IDs in the receiving tunnelled packets between the Un interface and the S1-U interface. DeNB accommodates the GTP-U proxy mechanism. The RN performs mapping of UE EPS bearers to appropriate RN EPS bearers in the uplink. EPS bearers of different UEs connected to the RN with similar QoS are mapped in one radio bearer over the Un interface. RN determines the selection of UM or AM mode of RLC mode in the Uu interface whereas DeNB determines the selection of UM or AM mode RLC mode in the Un interface for the user plane transport.
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Fig. 2.1-2 U-plane architecture
NAS 
The mobility management for EPS services (EMM) at the radio interface in the Un interface mentioned in [4] is located in both RN-UE and MME-RN. The EMM main state of the RN-UE in the connection management procedures is revised by replacing the state of EMM-ServiceRequestInitiated with the state of EMM-S1X2SetupRequestInitiated for RN-UE in order to initiate the S1-AP/X2-AP service. A RN-UE enters the state of EMM-S1X2SetupRequestInitiated after it has sent the S1/X2 Setup Request and waiting for the response from MME-UE. 
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Fig. 2.2-1 NAS (EMM) main states in the RN-UE
The dotted line of EMM main states in MME-RN shown in the figure below is to support the authentication, identify confidentially and security mode control procedures, which are pending on the decision in SA3. 
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 Fig. 2.2-2 NAS (EMM) main states in the MME-RN
S1-AP/X2-AP messages via RRC
Carrying S1-AP or X2-AP messages in RRC is similar to RRC with piggybacked NAS message in [5]. The RRC message is extended to add a value for dedicatedInfoType parameter indicating piggybacked S1 messages in the DLInformationTransfer or ULInformationTransfer. DLInformationTransfer and ULInformationTransfer utilize SRB2 to relay S1-AP and X2-AP messages on the Un interface. The ULInformationTransfer message is used for the uplink transfer of dedicated S1-AP/X2-AP information. The ULInformationTransfer message is the following. 
-- ASN1START
ULInformationTransfer ::=


SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE {




ulInformationTransfer-r8


ULInformationTransfer-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

ULInformationTransfer-r8-IEs ::=
SEQUENCE {


dedicatedInformationType


CHOICE {



dedicatedInfoNAS




DedicatedInfoNAS,



dedicatedInfoCDMA2000-1XRTT


DedicatedInfoCDMA2000,



dedicatedInfoCDMA2000-HRPD


DedicatedInfoCDMA2000


dedicatedInfoS1AP




DedicatedInfoS1AP,


dedicatedInfoX2AP




DedicatedInfoX2AP,

},


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

-- ASN1STOP
Fig. 2.3-1 ULInformationTransfer message
In order to transfer S1-AP or X2-AP information from RN to DeNB, dedicatedInfoType is extended to include ‘dedicatedInfoS1AP’ or ‘dedicatedInfoX2AP’ respectively. The RN shall set the contents with S1-AP or X2-AP information in the ULInformationTransfer message and submit the ULInformationTransfer message to lower layers for transmission. If the dedicatedInfoType is set to ‘dedicatedInfoS1AP’ or ‘dedicatedInfoX2AP’ in the received ULInformationTransfer message, the DeNB shall forward the dedicatedInfoS1AP or dedicatedInfoX2AP to the upper layer. 

The DLInformationTransfer message is used for the downlink transfer of dedicated S1-AP/X2-AP information. The DLInformationTransfer message is the following.
-- ASN1START
DLInformationTransfer ::=


SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE {




dlInformationTransfer-r8


DLInformationTransfer-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

DLInformationTransfer-r8-IEs ::=
SEQUENCE {


dedicatedInformationType


CHOICE {



dedicatedInfoNAS




DedicatedInfoNAS,



dedicatedInfoCDMA2000-1XRTT


DedicatedInfoCDMA2000,



dedicatedInfoCDMA2000-HRPD


DedicatedInfoCDMA2000


dedicatedInfoS1AP




DedicatedInfoS1AP,


dedicatedInfoX2AP




DedicatedInfoX2AP,

},


nonCriticalExtension



SEQUENCE {}





OPTIONAL

--Need OP
}

-- ASN1STOP
Fig. 2.3-1 DLInformationTransfer message
The DeNB sets the contents with S1-AP or X2-AP information in the DLInformationTransfer message and submit the DLInformationTransfer message to lower layers for transmission. If the dedicatedInfoType is set to include ‘dedicatedInfoS1AP’ or ‘dedicatedInfoX2AP’ in the received DLInformationTransfer message, the RN shall forward the dedicatedInfoS1AP or dedicatedInfoX2AP to the upper layer. 
The IE DedicatedInfoS1AP and the IE DedicatedInfoX2AP are depicted in the Fig. 2.3-3.  
DedicatedInfoS1AP information element
-- ASN1START
DedicatedInfoS1AP ::=

OCTET STRING
-- ASN1STOP
DedicatedInfoX2AP information element
-- ASN1START
DedicatedInfoX2AP ::=

OCTET STRING
-- ASN1STOP
Fig. 2.3-3 DedicatedInfoS1AP and DedicatedInfoX2AP information element
Attach Procedure of the RN and UE
The attach procedures of the RN are divided into following steps. 
1. Create a dedicated SRB2: RN performs the C-plane connection establishment to attach to the network. RN sends RRC messages with piggybacked NAS information to MME, which is similar to the UE attach procedure over the Uu interface. After MME responses the NAS message to accept the attach procedure and the RRC connection reconfiguration procedure modifies the RRC connection, the SRB2 and at least one DRB are established.
2. Initial the S1-AP service: After RN utilizes the established DRB to download the configuration data from the O&M system, a S1 Setup Request message piggybacked in the RRC message is sent to enable RN interoperating on the S1 interface via the established SRB2. When this procedure is finished, S1 interface is operational and other S1 messages can be exchanged. RN starts the operation mode to serve UE in this dedicated SRB2 to provide the reliable transfer of S1-AP messages on the Un interface.
3.  Initial the X2-AP service: A X2 Setup Request message piggybacked in the RRC message is sent to DeNB to enable RN interoperating on the X2 interface via the established SRB2. When this procedure is finished, X2 interface is operational and other X2 messages can be exchanged between DeNB and RN. RN starts in this dedicated SRB2 to provide the reliable transfer of X2-AP messages on the Un interface.
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Fig. 2.4-1 Start up of the RN
The RN start-up procedures with correspondent states are depicted in Fig. 2.4-1. 
The UE attach via RN are depicted in Fig 2.4-2. On the Uu interface, SRB1 is used for transmission of RRC protocol control information, i.e. RRCConnectionSetupComplete or RRCConnectionReconfiguration, during the UE attach procedure. Whereas on the Un interface, SRB2 is dedicated for relaying the relative S1-AP message via RRC ULInformationTransfer and DLInformationTransfer during UE attach. By having RRC as the basic C-pane for both Uu and Un interfaces, the integrity and ciphering protection for control messages are consistent between UE and DeNB across the air interface. 
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Fig. 2.4-2 UE attach via RN
UE mobility
The potential handover scenarios are described in [9]. Among all HO scenarios the mobility between RN and DeNB is prioritised in [8]. Thus, only the HO procedure between RN and DeNB is described below.
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Fig. 2.5-1 UE mobility scenarious for Relay archtecture 
When UE moves from RN to DeNB, the handover procedure based on S1 only is shown in the figure below. 
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Fig. 2.5-2 Handover from soure RN to target DeNB (S1-AP only)
In addtion, RAN3 had aggreed that X2 interface in the Relay architecture is necessary. The handover procedure based on S1 and X2 for UE moving from RN to DeNB is shown in the figure below.
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Fig. 2.5-3 Handover from soure RN to target DeNB (S1-AP & X2-AP)
Comparing the Fig. 2.5-2 with the Fig. 2.5-3, the handover based on S1 only has longer latency than the handover with X2 optimization.  
Aggregation
During the start-up procedure of the RN shown in the Fig. 2.4-1, DeNB with HeNB GW-like funtionality would send a eNB Configuration Update of S1AP messages to update the eNB information, i.e. TAC, to the MME. RN does not send S1 Setup Request directly to the MME. The DeNB aggregately transmits S1-AP messages from RN to the MME by an existing connection between DeNB and MME. 
For the user plane transport, due to the fact that the IP layer for RN S1-U is terminated at DeNB, the Transport Layer Address of Transport Network Layer Related IE [6] in the S1-C message for configuring GTP-U connections over the Un interface are assigned with the IP address of DeNB. The DeNB mutiplex/demultiplex received the GTP packet to/from respective RN based on the TEID in the GTP header. 
DeNB with HeNB GW-like funtionality utilizes the Concentration and Distrbution function mentioned in [10] to relay its set of S1 interface for both the control and user plane transport. The DeNB determines S1AP ID and TEID translation or pre-allocation at setup. 
3. Conclusion and proposal
In this contribution, we propose a protocol stack of the relay architecture where the S1 interface is terminated at the relay node with TNL terminated at DeNB. The proposed architecture is depicted in the Fig. 2.1-1 and Fig. 2.1-2. Detailed operational procedures of RN starting up, UE attach via RN and UE mobility were illustrated to clarify proposed architecture and facilitate comparisons with quantitative analysis and simulation.
Proposal: 
1. The RN terminates S1/X2 interface. 

2. The RN transmits S1-AP/X2-AP messages via RRC on the Un interface for the control plane transport. 
3. The RN transmits GTP via PDCP on the Un interface for the user plane transport. 

4. The DeNB accommodates HeNB GW-like functionality.
4. References
[1] R2-092953, Termination of the S1/X2 interfaces in relay node, Ericsson
[2] R2-093106, Type 1 Relay Architecture Consideration, Huawei
[3] Report of email discussion [66#22] on Relay architecture
[4] 3GPP  TS 24.301: "Non-Access-Stratum (NAS) protocol for Evolved Packet System (EPS) "
[5] 3GPP  TS 36.331: " Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC) Protocol specification"
[6] 3GPP  TS 36.413: " Evolved Universal Terrestrial Radio Access (E-UTRA); S1 Application Protocol (S1AP) "
[7] 3GPP  TS 36.423: "Evolved Universal Terrestrial Radio Access Network (E-UTRAN); X2 Application Protocol (X2AP) "
[8] R3-091230, Overall Study of X2 IF necessity in Relay Architecture, NTT DOCOMO
[9] R2-093277, Discussion on HO for LTE-A considering Relay-Node, Fujitsu
[10] 3GPP  TR R3.020: "H(e)NB; Network aspects"
3GPP


_1306915779.vsd
DeNB


Relay


S-GW/P-GW of UE


5. S1AP Initial UE message + 
NAS Attach Request (PDP Connectivity Request)


6. S1AP DL NAS Transport +
NAS Authentication Request


4. ULInformationTransfer +
S1AP Initial UE message + 
NAS Attach Request (PDP Connectivity Request)


7. DLInformationTransfer +
S1AP DL NAS Transport +
NAS Authentication Request


3. RRCConnectionSetupComplete + 
NAS Attach Request (PDP Connectivity Request)


8. DLInformationTransfer +
NAS Authentication Request


19. SecurityModeCommand


36. ULInformationTransfer +
S1AP Initial Context Setup Response / S1AP E-RAB Setup Response +
NAS (Active EPS Bearer Response)


9. ULInformationTransfer +
NAS Authentication Response


37. S1AP Initial Context Setup Response/ S1AP E-RAB Setup Response +
NAS (Active EPS Bearer Response)


33. DLInformationTransfer +
S1AP Initial Context Setup Request / S1AP E-RAB Setup Request +NAS Attach Accept (Active EPS Bearer Request)


UE  EPS bearer established


10. ULInformationTransfer +
S1AP UL NAS Transport +
NAS Authentication Response


11. S1AP UL NAS Transport +
NAS Authentication Response


12. S1AP DL NAS Transport +
NAS Security Mode Request


13. DLInformationTransfer +
S1AP DL NAS Transport +
NAS Security Mode Request


14. DLInformationTransfer +
NAS Security Mode Request


15. ULInformationTransfer +
NAS Security Mode Response


16. ULInformationTransfer +
S1AP UL NAS Transport +
NAS Security Mode Response


17. S1AP UL NAS Transport +
NAS Security Mode Response


20. SecurityModeComplete


21. UECapacilityEnquiry


UE


22. UECapabilityInformation


23. ULInformationTransfer +
S1AP UE Capability Info Indication


24. S1AP UE Capability Info Indication


MME of UE


25. S1AP DL NAS Transport +
NAS (Information Request)


26. DLInformationTransfer +
S1AP DL NAS Transport +
NAS (Information Request)


27. DLInformationTransfer +
NAS (Information Request)


28. ULInformationTransfer +
NAS (Information Response)


29. ULInformationTransfer +
S1AP UL NAS Transport +
NAS (Information Response)


30. S1AP UL NAS Transport +
NAS (Information Response)


34. RRCConnectionReconfiguration +
NAS Attach Accept(Active EPS Bearer Request)


1. RRCConnectionRequest 


35. RRCConnectionReconfigurationComplete +  
NAS (Active EPS Bearer Response) 


31. Create PDP Context Response


2. RRCConnectionSetup 


18. Create PDP Context Request


32. S1AP Initial Context Setup Request / S1AP E-RAB Setup Request +NAS Attach Accept (Active EPS Bearer Request)


38. Update PDP Context Request


39. Update PDP Context Response


38. ULInformationTransfer  + NAS Attach Complete (Active EPS Bearer Accept) 


36. ULInformationTransfer +
S1AP UL NAS Transport +
NAS Attach Complete (Active EPS Bearer Accept)


36. S1AP UL NAS Transport  +
NAS Attach Complete (Active EPS Bearer Accept)



_1306945836.vsd
EMM-Null


Enable S1 mode


EMM-Deregistered


Disable S1 mode


EMM-RegisteredInitiated


ATTACH requested


- ATTACH rejected
- NW init DETACH requested
- lower layer failure


EMM-S1X2SetupRequestInitiated


EMM-Registered


EMM-DeregisteredInitiated


ATTACH accepted and
Default EPS bearer activated 


S1/X2 Setup Request initiated


S1/X2 Setup Request accepted/failed


- Network init DETACH requested
- Local DETACH  


DETACH accepted


DETACH requested
(not power off)


Any state


DETACH requested
(power off)


EMM-TrackingAreaUpdatingInitiated


TAU Requested


TAU accepted/ rejected/failed



_1306945838.vsd
�

DeNB


RN-UE


MME-RN


S1AP: Initial UE Message 
NAS Attach Request


RRCConectionReconfiguration
+ NAS Attach accept (Active EPS Bearer Request)


ULInformationTransfer
+ NAS Attach Complete (Active EPS Bearer Accept)


S1AP: UL NAS Transport
+ NAS Attach Complete (Active EPS Bearer Accept)


RRCConnectionSetupComplete 
+  NAS Attach Request


ULTransferInformation
S1AP: S1 Setup Request


S1AP: eNB Configuration Update


S1AP: eNB Configuration Update Ack


DLTransferInformation
S1AP: S1 Setup Response


EMM: S1X2SetupRequest.Initiated�

EMM: Registered �

EMM: Registered �

EMM: Deregistered �

S1AP: Initial Context Setup Request /E-RAB Setup Request +
NAS Attach accept (Active EPS Bearer Request)


MME
(UE)


HSS


Setup Authentication/Registration/Security (FFS)


 NAS/AS Security Established


S1AP: Initial Context Setup Request /E-RAB Setup Respone
+ NAS (Active EPS Bearer Response)


EMM: Registered 
Initiated�

EMM: Registered �

RRCConectionReconfigurationComplete
+ NAS (Active EPS Bearer Response)


 SRB2 and DRB Established


O&M


RRCConnectionRequest 


RRCConnectionSetup 


Authentication/Download configuration information (FFS)


ULTransferInformation
X2AP: X2 Setup Request


DLTransferInformation
X2AP: X2 Setup Response



_1306915780.vsd
�

DeNB


Relay


Packet data


UL allocation


Measurement report


Area Restriction Provided


MME


S-GW/
P-GW


HO decision�

1. S1AP: Handover Required + ULInformationTransfer


2. S1AP: Handover Required


5. S1AP: Handover Command


6. S1AP: Handover Command  + DLInformationTransfer


13. S1AP: Handover Notify  + ULInformationTransfer


3. S1AP: Handover Request


Measurement control


4. S1AP: Handover Request ACK


DL allocation


7. RRCConnectionReconfiguration


Detach from old Cell and Synchronize to new one�

Deliver buffered and in transit packets to DeNB�

UL allocation


Data Forwarding


Buffer packets from source RN�

UL allocation + TA for UE


Synchronisation


UE


12. RRCConnectionReconfigurationComplete


Packet data


Admission Control�

14. S1AP: Handover Notify


DL allocation


8. S1AP: eNB Status Transfer  + ULInformationTransfer


9. S1AP: eNB Status Transfer


10. S1AP: MME Status Transfer


11. S1AP: MME Status Transfer + DLInformationTransfer


15. User Plane update request


17. S1AP: UE Context Release Command


Switch DL path�

End Marker


End Marker


Packet data


16. User Plane update response


18. S1AP: UE Context Release Command  + DLInformationTransfer


Release Resources


19. S1AP: UE Context Release Complete  + ULInformationTransfer


20. S1AP: UE Context Release Complete


UL allocation


DL allocation


DL allocation


UL allocation


UL allocation



_1306915781.vsd
�

DeNB


Relay


Packet data


UL allocation


Measurement report


Area Restriction Provided


MME


S-GW/
P-GW


HO decision�

1. X2AP: Handover Request + ULInformationTransfer


Admission Control�

9. S1AP: Path Switch Request Ack


6. S1AP: Path Switch Request


2. X2AP: Handover Request Ack  + DLInformationTransfer


Measurement control


DL allocation


3. RRCConnectionReconfiguration


Detach from old Cell and Synchronize to new one�

Deliver buffered and in transit packets to DeNB�

UL allocation


Data Forwarding


Buffer packets from source RN�

UL allocation + TA for UE


Synchronisation


UE


5. RRCConnectionReconfigurationComplete


Packet data


4. X2AP: SN Status Transfer  + ULInformationTransfer


7. User Plane update request


Switch DL path�

End Marker


End Marker


Packet data


8. User Plane update response


10. X2AP: UE Context Release + DLInformationTransfer


Release Resources


UL allocation


DL allocation


DL allocation



_1306915775.vsd
UDP/TCP


IP


PDCP


RLC


MAC


PHY


PDCP


RLC


MAC


PHY


PDCP


RLC


MAC


PHY


PDCP


RLC


MAC


PHY


GTP-U


UDP/IP


L2


L1


GTP-U


UDP/IP


L2


L1


UE


RN


Donor eNB


S-GW


APP


GTP-U


GTP-U



_1306915777.vsd
EMM-Common.Procedure.Initiated


EMM-Deregistered


COMMON procedure requested


- COMMON procedure failed
- Lower layer failed


EMM-Registered.Initiated


COMMON procedure requested


- COMMON procedure successful
- ATTACH accepted and
Default EPS bearer activated 


EMM-Registered


ATTACH procedure successful and
Default EPS bearer context activated 


Network init DETACH requested  


DETACH accepted


UE initiated DETACH requested



_1306915774.vsd
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



