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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. Besides, two-hop RN of the Alternative 1 (Full L3 relay), Alternative 2 (Proxy S1/X2 over SCTP/IP) are described in [6][7][8]. This contribution discusses and compares the RN start-up procedure, the UE access procedure at RN, S1 connections and packet forwarding among these alternatives in case of multi-hop RNs for Alternative 1, 2 and 4(b). Because Alternative 3 is similar to Alternative 1 except for the local break-out functionality, we consider only the Alternative 1, 2, and 4(b). The study on multi-hop RN for Alternative 4(a) is for further study.
2. Discussion
Before starting the discussion, some abbreviations are described:

1. The MME-UE denotes the MME that serves the UE. 

2. The MME-RN denotes the MME that serves the RN. 

3. S-GW/P-GW denotes the serving gateway or the PDN gateway.

4. S-GW/P-GW(RN) denotes the S-GW/P-GW that serves the RN.

5. S-GW/P-GW(UE) denotes the S-GW/P-GW that serves the UE.

6. RN-UE denotes the UE part of the RN. 

7. The access RN denotes the RN that serves the UE.

8. The intermediate RN denotes the RN that is located in the path between access RN and the DeNB.

Some assumptions are described as follows:

1. For Alternative 1, RN has the NNSF. But for Alternative 2 and 4(b), RN does not need the NNSF.
2. For Alternative 2, it is assumed that each RN has the S1 proxy function.
3. For Alternative 2 and 4(b), it is assumed that an S-GW/P-GW is integrated in the RN. Next step optimization for Alternative 4(b) with no embedded S-GW/P-GW in RN is for further study, where the Un hop is just another Radio Bearer in support of the UE EPS bearer, and that there is no separate EPS bearer for the Un RB (for bearers not terminating in the RN).
Start-up of Relay Node
The start-up procedure of the Alternative 1, Alternative 2 and Alternative 4(b) in three-hop relaying scenario is depicted in the Figure 2.1-1, Figure 2.1-2, and Figure 2.1-3 respectively. Start-up procedures can be divided into two main parts. The first part for start-up procedure of RN is to create basic bearers and basic IP connectivity for OAM operations. The second part is to setup the S1 and X2 interface. For the first part, the comparison for the three alternatives is as follows:

1. Alternative 1 establishes a DRB and a GTP-U connection for serving UE’s S1AP messages and downloading OAM configuration.

2. (similar to Alternative 1) Alternative 2 establishes a DRB for serving UE’s S1AP messages and downloading OAM configuration. Due to the HeNB GW-like functionality in the DeNB, the source IP address of each IP connection initiated by the RN is translated into the IP address of the DeNB. Therefore, the IP address of the RN can be treated as a RN identity for the DeNB to forward the response packets to the corresponding RN.

3. Alternative 4(b) establishes a SRB for serving UE’s S1AP message, and a DRB for downloading OAM configuration.

For the second part, the comparison for the three alternatives is as follows:

1. Setup S1 interface:

[1] For Alternative 1, each RN creates a S1 connection to MME-UE and MME-RN respectively.

[2] For Alternative 2, the access RN or intermediate RN sends “eNB configuration update” message to its super-ordinate RN or the DeNB. The DeNB sends “eNB configuration update” message to MME-UE and MME-RN. 

[3] (similar to Alternative 2) For Alternative 4(b), due to the HeNB GW-like functionality is integrated; the access RN or intermediate RN sends “eNB configuration update” message to its super-ordinate RN or the DeNB. The DeNB sends eNB configuration update” message to MME-UE and MME-RN.

(2). Setup X2 interface:

1. For Alternative 1, the attached RN establishes independent connections to each neighbour RN and to each eNB.


2. For Alternative 2 and 4(b), the attached RN establishes a connection to its super-ordinate RN.
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Figure 2.1-1: RN starting up procedure of the Alternative 1 (Full L3 relay).
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Figure 2.1-2: RN starting up procedure of the Alternative 2 (Proxy S1/X2 over SCTP/IP).
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Figure 2.1-3: RN starting up procedure of the Alternative 4(b) (Proxy S1/X2 over RRC).
UE access at Relay Node
The UE access procedure of the Alternative 1, 2 and 4(b) in three-hop relaying scenario is depicted in the Figure 2.2-1, Figure 2.2-2 and Figure 2.2-3 respectively. The comparison for the three alternatives is as follows:

1. For Alternative 1, because the S-GW/P-GW is not integrated into DeNB, the S1AP messages are routed to S-GW/P-GW(RN), and then they are forwarded to the MME-UE. The access RN (i.e. RN2) sends “Bearer Resource Request” message to MME-RN, then the MME-RN performs the Bearer Establish/Modification procedure to update bearers of each RN.
2. For Alternative 2, the integrated P-GW in each RN initials the “Update Bearer Request” message to MME-RN to update bearers of RN after the default bearer of UE is created. 

3. (similar to Alternative 2) For Alternative 4(b), the integrated P-GW in each RN initials the “Update Bearer Request” message to MME-RN to update bearers of RN after the default bearer of UE is created. 
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Figure 2.2-1: UE access procedure of the Alternative 4(b) (Full L3 relay).
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Figure 2.2-2: UE access procedure of the Alternative 2 (Proxy S1/X2 over SCTP/IP).
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Figure 2.2-3: UE access procedure of the Alternative 4(b) (Proxy S1/X2 over RRC).
Discussion on S1 connection and EPS Bearer
Alternative 1

The S1-C connection of the Alternative 1 in three-hop relaying scenario is depicted in the Figure 2.3.1-1. Each RN (access RN or intermediate RN) has its own S1 connection to the MME-UE and to the MME-RN. Those S1 connections are not processed by intermediated nodes.
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Figure 2.3.1-1: S1 signaling connections (Alternative 1 architecture).
The EPS bearer of the Alternative 1 architecture in three-hop scenario is depicted in the Figure 2.3.1-2. Each RN establishes its EPS bearer connection spanning between the S-GW/P-GW(RN) and itself. For downlink, a packet destined to the UE is classified into UE EPS bearer at the P-GW(UE) according to the corresponding packet filtering rules and encapsulated into the respective UE GTP tunnel. The P-GW(RN) maps the UE GTP tunnelled packet to RN2 and RN1 bearer and encapsulates the UE GTP tunnelled packet into the RN2 GTP tunnel. The encapsulated packet is encapsulated into RN1 GTP tunnel. Then the encapsulated packet is addressed to the DeNB. The DeNB de-tunnels the RN1 GTP tunnel and forwards the packet to the corresponding RN1 radio bearer. The RN1 de-tunnels the RN2 GTP tunnel and forwards the packet to the corresponding RN2 radio bearer. The RN2 de-tunnels the UE GTP tunnel and forwards the packet to the UE over the Uu interface. For the uplink, packet filters in the RN2 determine UE bearer to RN2 bearer mapping. The RN2 encapsulates the UE packet into UE GTP tunnel and forwards the uplink packet to the RN1. The RN1 encapsulates the packet into RN2 GTP tunnel, and forwards the uplink packet to the DeNB. The DeNB encapsulates the packet into RN1 GTP tunnel and forwards the uplink packet to S-GW/P-GW(RN). The S-GW/P-GW(RN) de-tunnels RN1 GTP tunnels and RN2 GTP tunnels and forwards the uplink packet to S-GW/P-GW(UE) with UE GTP tunnel.
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Figure 2.3.1-2: EPS bearer mapping (Alternative 1 architecture).
Alternative 2 and Alternative 4
The S1-C connection of Alternative 2 and Alternative 4(b) in three-hop relaying scenario is depicted in the Figure 2.3.2-1. There is one S1 interface relation between RN2 and RN1, between RN1 and the DeNB, and between the DeNB and the MME-UE. There is one S1 interface relation between RN1 and the DeNB and between the DeNB and the MME-RN. All S1 signaling messages are mapping and forwarding by intermediate RN or DeNB that provides CNT/DIST function (i.e. HeNB GW-like functionality). The difference between Alternative 2 and Alternative 4(b) is that Alternative 2 uses SCTP/IP for transferring S1AP messages while Alternative 4(b) uses RRC for transferring S1AP messages.
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Figure 2.3.2-1: S1 signaling connections (Alternative 2 and 4(b) architecture)
The EPS bearer of the Alternative 2 and Alternative 4(b) in three-hop relaying scenario is depicted in the Figure 2.3.2-2. The GTP tunnel per UE bearer, spanning from S-GW/P-GW(UE) to the DeNB, is switched (Alternative 2) or forwarded (Alternative 4(b)) to another GTP tunnel based on one-to-one mapping rule at the DeNB. Then it is switched (Alternative 2) or forwarded (Alternative 4(b)) to another GTP tunnel based on one-to-one mapping rule at the RN1. 
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Figure 2.3.2-2: EPS bearer mapping (Alternative 2 and 4(b) architecture).
Packet forwarding at Handover
Alternative 1

The packet forwarding at handover from the RN2 to an outside eNB of the Alternative 1 in three-hop relaying scenario is depicted in the Figure 2.4.1-1. The RN2 sends the forwarded packets of UE over the RN2’s EPS bearer, including the radio bearer and the GTP tunnel spanning from the RN1 to S-GW/P-GW(RN). After de-tunnelling all the RN GTP tunnels (i.e. RN1 and RN2 GTP tunnel) by the S-GW/P-GW(RN) that is the endpoint of the RN bearer, the forwarded packets are forwarded to the target eNB.
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Figure 2.4.1-1 Packet forwarding in Alternative 1 architecture (RN-to-outside eNB HO case).
The packet forwarding at handover from the RN2 to its DeNB of the Alternative 1 in three-hop relaying scenario is depicted in the Figure 2.4.1-2. Similar to the previous case, the forwarded packets are forwarded to the S-GW/P-GW(RN) and then they are forwarded to the DeNB. All the RN GTP tunnels are de-tunnelled at the S-GW/P-GW(RN) due to it is the endpoint of the RN bearer.
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Figure 2.4.1-2 Packet forwarding in Alternative 1 architecture (RN-to-DeNB HO case).
The packet forwarding at handover from the RN2 to the RN1 of the Alternative 1 in three-hop relaying scenario is depicted in the Figure 2.4.1-3. The RN2 sends the forwarded packets of UE over the RN2’s EPS bearer, including the radio bearer and the GTP tunnel spanning from the RN1 to S-GW/P-GW(RN). The forwarded packets are forwarded to the S-GW/P-GW(RN) and then they are forwarded to the corresponding RN1 EPS bearer.
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Figure 2.4.1-3 Packet forwarding in Alternative 1 architecture (RN-to-RN HO case).
Alternative 2 and Alternative 4(b)
The packet forwarding at handover from the RN2 to an outside eNB of the Alternative 2 and Alternative 4(b) in three-hop relaying scenario is depicted in the Figure 2.4.2-1. For Alternative 2 and Alternative 4(b), proxy solution is assumed at each RN and DeNB. Therefore, the forwarded packets can be switched back at the DeNB or RNs. The incoming tunnel and the outgoing tunnel are one-to-one mapping. The forwarded packets are forwarded to the DeNB and then they could be forwarded to the target eNB without forwarding to the RN EPS bearer.
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Figure 2.4.2-1 Packet forwarding in Alternative 2 and 4(b) architecture (RN-to-outside eNB HO case).
The packet forwarding at handover from the RN2 to its DeNB of the Alternative 2 and Alternative 4(b) in three-hop relaying scenario is depicted in the Figure 2.4.2-2. The forwarded packets are forwarded to the DeNB directly.
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Figure 2.4.2-2 Packet forwarding in Alternative 2 and 4(b) architecture (RN-to-DeNB HO case).
The packet forwarding at handover from the RN2 to the RN1 of the Alternative 2 and Alternative 4(b) in three-hop relaying scenario is depicted in the Figure 2.4.2-3. The forwarded UE packets are switched to the UE GTP tunnel that is created after the handover.
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Figure 2.4.2-3 Packet forwarding in Alternative 2 and 4(b) architecture (RN-to-RN HO case).
3. Conclusion

In summary, major comparisons among these alternative relay architectures are as follows:
1. Alternative 1 has worst efficiency for the U-plane transport over Un on multi-hop RNs due to its tunnel-in-tunnel structure; whereas Alternative 2 and 4(b) have similar efficiency for the U-plane transport over Un on multi-hop RNs where Alternative 4(b) incurs no IP/UDP headers overheads.
2. The Alternative 2 and Alternative 4(b) require a RN ID for forwarding the S1AP response message while Alternative 1 does not have such issue.

3. The Alternative 2 and Alternative 4(b) have similar RN start-up procedures, except the Alternative 2 utilizes DRB for C-plane transport; whereas Alternative 4(b) utilizes SRB for C-plane transport.

4. Alternative 1 and 2 utilizes DRB for C-plane transport through multiple RNs with no integrity protection on S1-AP/X2-AP messages; whereas Alternative 4(b) utilizes SRB for C-plane transport through multiple RNs, where S1-AP and X2-AP messages transported through SRB are integrity protected in the Un interface
5. The Alternative 2 and Alternative 4(b) have similar UE access procedure at RN. 

6. The Alternative 2 and Alternative 4(b) establish same S1 interface connection and EPS bearer of RN and UE. 

7. Alternative 1 has worst efficiency for handling packet forwarding procedures at handover on multi-hop RNs due to its tunnel-in-tunnel structure; whereas Alternative 2 and Alternative 4(b) handle similar packet forwarding procedures at handover by providing a proxy solution with a shortcut to optimize the packet forwarding path.

Proposal: Adopt multi-hop type-1 relay architecture for all alternatives in the internal TR of RAN3
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