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1. Introduction

In RAN3#64 meeting, it was agreed that [1] is the baseline document. In RAN2#66bis meeting, 4 alternatives including the baseline architecture of RAN3 are discussed [2]. Also in the meeting, two descriptions of Alternative 4 have been provided [3][4]. The E-mail discussion on one description of relay Alternative 4 can be referenced in [5]. In [5], there are still two options for the U-plane architecture: 4(a) from Huawei has no GTP-U layer on the top of PDCP over Un interface while 4(b) from III has the GTP-U layer. Base on Alternative 4(b) of type-I relay architecture in RNA2, this contribution discusses the multi-hop type-I RN that includes C-plane and U-plane architecture, C-plane S1AP message forwarding method, U-plane data forwarding method, RN attach procedure, and UE attach procedure. It is shown that the Alternative 4(b) relay architecture proposed in [3] and [7] could be easily extended to multi-hop with very small impacts to the Rel-8 specification.
In [3], the C-plane and U-plane architecture are proposed for the two-hop relaying network, while they can be extended to the multi-hop relaying network. C-plane and U-plane architectures for multi-hop type-I relay are shown as Figure 1 and Figure 2 respectively. Before starting the discussion, some definition for multi-hop relay is clarified: If there are successive RNs of a multi-hops path over Un interfaces, the access RN connecting to UEs supports Un interface for super-ordinate RN or DeNB and Uu interface for UE on the other side (subordinate links). The intermediate RNs provide Un interface for both super-ordinate and subordinate links.
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Figure 1. C-plane architecture.
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Figure 2. U-plane architecture.

2. Discussion on the C-plane S1AP ID allocation
The S1 signaling connections are illustrated as Figure 3. The S1AP messages for a UE or RN-UE are relaying by SRB of intermediate RNs. There is one SCTP connection between DeNB and MME-UE, and between DeNB and MME-RN, respectively. 
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Figure 3. S1 signaling connections.

The proposed architecture integrates a HeNB GW-like functionality in DeNB, where S1 Concentration/Distribution (CNT/DIST) Functionalities is utilized. The DeNB has the NNSF and the RN does not have the NNSF. In order to support the forwarding of S1AP messages, there are two methods proposed for assigning eNB-UE-S1AP-ID (EID) and MME-UE-S1AP-ID (MID):
Method 1: This method is similar to method 3 of CNT/DIST functionality in TR R3.020 [6]. As shown in Figure 4, EID and MID allocation on each Un is performed hop-by-hop. The EID is assigned by the sub-ordinate RN or DeNB and the MID is assigned by the super-ordinate RN, DeNB or MME. 
When RN or DeNB setups its S1 interface, two pools for EIDs and MIDs and a S1 message forwarding table are constructed for serving UE or RN-UE. When a UE or RN-UE attaches to the network, an “initial UE Message” S1AP message is sent by the access RN. The access RN allocates an EID for the UE or RN-UE from its EID pool, and fills the EID in the S1AP massage. Then the S1AP message is forwarded to its super-ordinate RN or DeNB. The super-ordinate RN or DeNB also allocates an EID from its EID pool and adds an entry in the forwarding table for the S1 connection of the UE or RN-UE. The forwarding table is used to map DL S1AP message to the corresponding SRB. A conversion table is constructed in intermediate RN for converting EID/MID on its two Un interfaces (see Appendix A for the EID forwarding example). After receiving the “initial UE Message” S1AP message, MME allocates a MID for the S1 connection of the UE and sends the corresponding S1AP message toward the UE. When each intermediate RN or DeNB receives the S1AP message, it allocates a MID from its MID pool and replaces the MID in the S1 message with the allocated MID. The conversion table is updated with the allocated MID. 
When a UE detaches or handovers to other RN or DeNB, EID/MID release procedure follows UE detach procedure or UE handover procedure to remove the related entry in conversion table of each intermediate RN or DeNB between source RN and MME. The detail of the ID release procedure is FFS (e.g. when the intermediate RN or the DeNB receives the handover related message; it removes the entry for the UE in the conversion table). The EID/MID modification procedure follows the EPS bearer modification procedure. An example for this method is shown as Figure 5.
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Figure 4. Allocation of eNB-UE-S1AP-ID (EID) and MME-UE-S1AP-ID (MID) in DeNB and RN.

[image: image5.emf]RN

RN

UE 1

RN

RN

DeNB

RN

RN

UE 1

UE 2

RN

UE 3

RN

UE 5

UE 7

UE 8

EID 1

EID 2

UE 4

MME

EID 3

UE 6

MID 1

MID 2

MID 3

Un 

interface

Uu 

interface


Figure 5. Example for distributed EID/MID assignment.
The features for the method are as follows:

1. Each RN or DeNB assigns EID and MID locally.

2. Each intermediate RN or DeNB has a forwarding table for forwarding S1AP messages.

3. DeNB and intermediate RN have to inspect the S1AP message and convert EID and MID based on the conversion table.

4. The forwarding table and conversion table are constructed during the UE attach procedure.

5. No modification is required for S1AP messages.

Method 2: When RN setups its S1 interface, a range of EIDs is allocated for it by DeNB. The allocated range is transferred to the RN by “S1 SETUP RESPONSE” message. Appendix B shows the detail of the modified “S1 SETUP RESPONSE” message for this method. When receiving the “S1 SETUP RESPONSE” message, the RN constructs an EID pool with the allocated EIDs for serving UE or RN-UE. If a UE or RN-UE attaches to the network, an “initial UE Message” S1AP message is sent by the access RN. The access RN allocates an EID for the UE or RN-UE from its EID pool, and fills the EID in the S1AP massage. Then the S1AP message is forwarded to its super-ordinate RN. The super-ordinate RN just forwards the S1 message and adds an entry in the forwarding table for the S1 connection of the UE or RN-UE. The forwarding table is used to forward DL S1AP message to the corresponding SRB. For this method, a conversion table is not needed in RN because of no EID conversion is required. After receiving the “initial UE Message” S1AP message, MME allocates a MID for the S1 connection of the UE and sends a corresponding S1AP message toward the UE. When DeNB receives the S1AP message, it allocates a MID from its MID pool and replaces the MID in the S1 message with the allocated MID. Because DeNB may have multiple S1 connections to the MME pool, MIDs from different MME may be duplicated. Therefore, DeNB has to convert MID received from MMEs to a DeNB unique MID that is used to identify the corresponding MME. Note that RN does not need to convert MID. An example for this method is shown as Figure 6.
If a RN needs more EIDs than it was initially allocated, it could request new ranges of EIDs via “eNB CONFIGURATION UPDATE” messages. The DeNB receives the request from the RN, and responses with the “eNB CONFIGURATION UPDATE ACKNOWLEDGE” message including the new range. 
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Figure 6. Example for unique EID/MID assignment.

The features for the method are as follows:

1. Access RN assigns EID from a range allocated by DeNB. MID assigned by DeNB and MME respectively.
2. Each intermediate RN or DeNB has a forwarding table for forwarding S1AP messages.
3. DeNB has to inspect the S1AP message and convert MID based on the conversion table. Each intermediate RN does not need to convert EID and MID (i.e. less complexity).

4. The forwarding table and conversion table are constructed during the UE attach procedure.
5. Some S1AP messages are required to be modified for the EID range assignment, EID range request and release procedures.

3. 
Discussion on the U-plane GTP-U TEID mapping

In Figure 7, The UE E-RABs are mapped to an RN bearer based on the UE E-RAB QCI. This means that UE bearers with the same QCI are mapped to the same RN bearer. The mapping is done in the DeNB for the downlink and in the RN for the uplink at the time when the UE bearer is setup.
Because DeNB may have multiple GTP-U connections to the S-GW pool, TEIDs from different S-GW may be duplicated. Therefore, DeNB has to convert TEID received from S-GWs to a DeNB unique TEID that is used to identify the corresponding S-GW. There is no need to perform TEID conversion in RN.
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Figure 7. UE EPS Bearer for Multi-hop Relay.

In order to multiplex data flows of many UEs in one DRB in multi-hop relaying network, the same mechanism proposed in [7] is used in DeNB and RN. 
4. Attach Procedure for Multi-hop Relay
The attach procedure for a RN is shown as Figure 8. 
1. After RRC setup, the RN2 sends “ATTACH REQUEST” NAS message to RN1 (i.e. the access RN of the RN2) as a UE.
2. After receiving the “ATTACH REQUEST”, the RN1 assigns an EID to the sub-ordinate RN2 and updates the forwarding table, then sends the “Initial UE Message” with NAS attach request piggybacked to DeNB.
3. DeNB assigns an EID to the RN2, and updates the forwarding table and conversion table, then sends “Initial UE Message” with NAS attach request piggybacked to MME.
4. MID is assigned by MME and filled in the following S1 messages.

5. Authentication procedure is performed between MME and RN2.
6. If the authentication procedure is successful, MME sends “Create Default Bearer Request” message to S-GW of the RN. The S-GW could be integrated in the DeNB for local breakout functionality.
7. After the bearer is setup between S-GW and P-GW which serve the RN, the “Initial Context Setup Request” message is sent to RN1.
8. After normal UE attach procedure is completed, a basic IP connectivity via a GTP-U tunnel is setup and the RN could download eNB configuration from O&M system. From the downloaded configuration data, the RN2 setup its radio configuration and then setup S1 interface by sending “S1 SETUP REQUEST” toward MME.
9. The S1 setup signalling initiated from the RN2 will be terminated by the DeNB and the existing S1 connectivity of the DeNB will be used to proxy the S1 connection of the RN. This request is forwarded by intermediate RN and finally reaches DeNB. After receiving the “S1 SETUP REQUEST” message, DeNB sends “eNB CONFIGURATION UPDATE” to register new tracking area codes (TAC) corresponding to the RN cells toward the MME. After receiving “ENB CONFIGURATION UPDATE ACKNOWLEDGE” from MME, DeNB sends “S1 SETUP RESPONSE” to the RN2. Note that for method 2 of EID assignment, a range of EIDs is allocated by DeNB and carried in the response message to the attached RN.
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Figure 8. Attach procedure for Multi-hop Relay.

5. Attach Procedure for UE

The attach procedure for an UE is shown as Figure 9. 

1. After RRC setup, the UE sends “ATTACH REQUEST” NAS message to RN2 (i.e. its access RN).
2. After receiving the “ATTACH REQUEST” NAS message, the access RN (RN2) assigns an EID to the UE and updates the forwarding table, then sends the “Initial UE Message” with NAS attach request piggybacked to its super-ordinate RN (RN1) toward MME.
3. If method 1 of S1AP ID assignment is utilized, the super-ordinate RN (RN1) assigns an EID for the S1 connection of the UE and updates its forwarding table and conversion table. If method 2 is utilized, RN1 just update its forwarding table. Then the “Initial UE Message” is forwarded to DeNB.
4. If method 1 of S1AP ID assignment is utilized, DeNB assigns an EID for S1 connection of the UE, and updates the forwarding table and conversion table. If method 2 is utilized, the DeNB only updates the forwarding table. Then the DeNB sends “Initial UE Message” with NAS attach request piggybacked to MME.
5. MID is assigned by MME and filled in the followed S1 message.

6. Authentication procedure is performed between MME and UE. If method 1 of S1AP ID assignment is utilized, each intermediate RN and DeNB convert the MID in S1AP message and update conversion table. If method 2 is utilized, only the DeNB has to update conversion table and perform the MID conversion.
7. If the authentication procedure is successful, MME sends “Create Default Bearer Request” message to S-GW of the UE.
8. After the bearer is setup between S-GW and P-GW which serve the UE, the “Initial Context Setup Request” message is sent toward RN2.
9. The “initial Context Setup Request” message is forwarded hop-by-hop, and each node updates the bearer for the UE.

10. RRC reconfiguration message is sent to UE from RN2 to reconfigure the RRC connection on Uu.
11. If the RRC connection is completed, the “Initial Context Setup Response” message is sent toward MME for updating the EPS bearer.
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Figure 9. UE attach.
6. Conclusions
The proposed Alternative 4(b) architecture can be easily extended to multi-hop with very small impacts to the Rel-8 specification.
Proposal: Adopt multi-hop type-1 relay descriptions in the internal TR.
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Appendix A – EID forwarding method
If method 1 is utilized, the intermediate RN or DeNB inspect the message for the eNB UE S1AP ID (EID) and lookup the conversion table for the corresponding EID and MID when receiving a S1AP message (e.g. HANDOVER REQUIRED message as shown in Figure 10.). After converting the EID and MID in the S1AP message, the message is transferred to RN or DeNB. For method 2, RN does not convert EID and MID, and DeNB converts only the MID.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	Handover Type
	M
	
	9.2.1.13
	
	YES
	reject

	Cause
	M
	
	9.2.1.3
	
	YES
	ignore

	Target ID
	M
	
	9.2.1.6
	
	YES
	reject

	Direct Forwarding Path Availability
	O
	
	9.2.3.15
	
	YES
	ignore

	SRVCC HO Indication
	O
	
	9.2.1.59
	
	YES
	reject

	Source to Target Transparent Container
	M
	
	9.2.1.56
	
	YES
	reject

	Source to Target Transparent Container
	O
	
	9.2.1.56
	
	YES
	reject

	MS Classmark 2
	C-

ifSRVCCtoGERAN
	
	9.2.1.64
	
	YES
	reject

	MS Classmark 3
	C-

ifSRVCCtoGERAN
	
	9.2.1.65
	
	YES
	ignore


Figure 10. HANDOVER REQUIRED message of S1AP.

Appendix B – method for transferring EID range
Through the “S1 SETUP RESPONSE” message, the allocated EID range is transferred from DeNB to RN. As shown in Figure 11, two new fields (i.e. “eNB UE S1AP range lower bound” and “eNB UE S1AP range upper bound”) are added in “S1 SETUP RESPONSE” message for this purpose. These fields are optional because for case 1 of the S1AP-ID-s assignment, these fields are invalid.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME Name
	O
	
	PrintableString(1..150,…)
	
	YES
	ignore

	Served GUMMEIs 
	
	1..<maxnoofRATs>
	
	
	GLOBAL
	ignore

	>Served PLMNs
	
	1..<maxnoofPLMNsPer MME>
	
	
	GLOBAL
	ignore

	   >>PLMN Identity
	M
	
	9.2.3.8
	
	-
	

	 >Served GroupIDs
	
	1..<maxnoofGroupIDs>
	
	
	GLOBAL
	ignore

	   >>MME Group ID
	M
	
	OCTET STRING (2)
	
	-
	-

	 >Served MMECs
	
	1..<maxnoofMMECs>
	
	
	GLOBAL
	ignore

	   >>MME Code
	M
	
	9.2.3.12
	
	-
	-

	Relative MME Capacity
	M
	
	9.2.3.17
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.1.21
	
	YES
	ignore

	 eNB UE S1AP ID range lower bound
	O
	
	INTEGER (0..224-1)
	
	YES
	ignore

	eNB UE S1AP ID range upper bound
	O
	
	INTEGER (0..224-1)
	
	YES
	ignore


Figure 11. S1 SETUP RESPONSE message
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