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1 Introduction
Type 1 Relay is discussed widely in RAN3#63bis at Seoul. RAN2 have agreed with all CP and UP protocols of Uu interface are terminated between Relay-Node and UE. But it is still FFS where S1/X2 protocol should be terminated. 
2 Discussion

2.1 Overview
Figure 1 depicted QoS structure after Un interface is introduced. Except for Un interface everything is defined within current specification. 
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Figure 1
Here are mainly two questions to answer:
Question 1: where should the S1/X2 protocol terminated? On relay node or Donor eNB?

Question 2: if S1 protocol terminated on relay node, then should everything is transparent to Donor eNB?

In this document 4 approaches are discussed to answer these two questions:

Approach1: UP and CP are both terminated on donor eNB (section 2.2.)

Approach2: UP and CP are both terminated on relay node (section 2.3)

Approach3: UP is terminated on donor eNB while CP on relay node (section 2.4)
Approach4: UP and CP are both terminated on relay node. Furthermore relay node acts as a real UE i.e. relay is transparent to donor eNB. So new protocols (UP and CP) between relay node and core network is introduced. (section 2.5)  
2.2 Approach 1: UP and CP are both terminated on donor eNB 
The most straightforward way is insert an Un radio bearer to carry E-RAB PDU between Relay Node and Donor eNB, as shown in figure 2. Un radio bearers transport the packets of an E-RAB between Relay Node and Donor eNB. The Relay Node stores a one-to-one mapping between a data radio bearer and a Un radio bearer, and the Donor eNB create the binding between an Un radio bearer and an S1 bearer.
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Figure 2
2.2.1 Protocol structure
The figure 3 shows the protocol stack for the user plane based on architecture shown in Figure 2. 
From core network point of view nothing is changed if a relay node is introduced. The donor eNB is in charge of everything related to relay node..For example Donor eNB will share the same S1 connection because of the co-allocated IP addresses and GTP-U TEIDs. And eNB will establish S1 connection and/or virtual GTP-U connection for UEs attached to relay node and relay itself dynamically and/or statically. One routing functionality entity is embedded within donor eNB which enable donor eNB to distribute message or data packet to/from relay node correctly.
On user plane IP packet is extract from GTP-U which is forwarded over Un interface. Since (de)multiplexing in current MAC layer is limited some enhanced (de)multiplexing maybe needed after normal ROHC functionality is applied. Relay specific algorithm and key could be used for ROHC functionality over Un interface purpose.
On control plane donor eNB acts as a protocol translator. Some internal new protocol over Un interface is to be created. Logically this new protocol will be quite similar to simplified S1-AP. S1 specific parameter e.g. transport layer address is not needed over Un interface. While parameter related to Uu interface e.g. QoS parameter will be forwarded to relay node.
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Figure 3 user plane option U-1
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Figure4 control plane option C-1
2.2.2 Pros vs cons
Pros:
· Relay node is hide from core network i.e. nothing new is needed for core network

· Same transfer efficiency of Un interface as to Uu interface

· Same security e is foreseen as to Un interface. And nothing new for ROHC functionality 

· Quite a bit UE’s Mobility between relay node and donor eNB is done as intra-eNB handover.

Cons:

· New protocol over Un interface is introduced.
· Relay node and donor eNB is coupled tightly. 
2.3 Approach 2 : UP and CP are both terminated on relay node
The way to avoid invent a new protocol is to terminated S1-AP in Relay Node. As mentioned in [2], IP packets downlink from S-GW will be simply forwarded from the donor eNB to the relay and vice versa. E-RAB will be mapped on radio bearer and S1 bearer as Rel-8 LTE, and S1 bearer will be transported over radio interface. 
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Figure 5
2.3.1 Protocol structure
One of the example protocol stack is depicted in Figure 6 and figure 7. Donor eNB acts as an IP router/gateway which stores a routing table for core network and Relay Node. When Donor eNB receive a IP packet, it could search the target IP address in its own routing table. If a entry is matched, the IP packet would be forward to the corresponding bearer. And same actions is applied for the S1-AP messages. 
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Figure 7 control plane option C-2
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Figure 8
On user plane the main issue of this approach is overhead over Un radio bearer. Due to IP/UDP/GTP-U headers (figure 8) will be transported over Un interface, the transfer efficiency of Un is much less than Uu interface .The main cause is GTP-U header can’t compressed by normal ROHC algorithm. In order to reduce overhead new RoHC profile is to be introduced to compress IP/UDP/GTP-U header. But to define a new ROHC algorithm is out of 3GPP’s scope and obviously not under control of 3GPP. It is not so clear whether IP header over GTP-U could also be compressed.
On control plane the main concern is also overhead over Un interface because everything over S1 interface is transferred now over Un interface. Furthermore there is also IP/SCTP header in this approach. But current ROHC algorithm can’t compress these two header together. 
However this is simplest solution compared to others because almost nothing new is needed due to introduction of relay node. From core network point of view there is no difference between a relay node and normal eNB. What Donor eNB should do is to support IP routing.
2.3.2 Pros vs cons
Pros:

· No new protocol is introduced for Un interface i.e. simplest solution in terms of complexity

· Relay node and donor eNB is almost decoupled i.e. relay node can be attached to whatever donor eNB only if it supports IP routing functionality.
Cons:

· Lower transfer efficiency of Un interface compared to Uu interface

2.4 Approach 3 : CP is terminated on relay node while UP on donor eNB
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Figure 9 user plane option U-1
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Figure10 control plane option C-2 

[image: image11.emf]Un AP

Un AP

Donor-eNB 

Un Radio 

Bearer

Un Radio 

Bearer

U

n

Relay-node


Figure 11 Un application protocol
In this approach UP is terminated on donor eNB just as approach 1. The difference compared to approach 1 is relay node would have its own IP address. So from S-GW point of view relay node is an independent eNB. And CP is terminated on relay node which is the same as approach 2. In order to coordinate between CP and UP of S1 protocol one new protocol stack named “Un AP” is introduced over Un interface and its protocol stack is depicted in Figure 11. The main functionality of Un application is Interaction between S1-AP and tunnel protocol GTP-U which is quite similar to GTP-C protocol stack.
2.4.1 Pros vs cons
Pros:

· Relay node is hide from core network i.e. nothing new is needed for core network

· Same transfer efficiency of Un interface as to Uu interface

· Same security e is foreseen as to Un interface. And nothing new for ROHC functionality 

Cons:

· New protocol stack similar to GTP-C over Un interface is introduced

· Relay node and donor eNB is coupled tightly. 

2.5 Approach 4
In approach 1,2 3 everything new is hidden from core network. While donor eNB is changed more or less. Another approach is to hide everything new not from core network but from donor eNB So relay node can be introduced everywhere and any time. Figure 12 depicts the QoS structure of this approach. One new bearer named relay bearer between relay node and S-GW is introduced over E-RAT bearer of relay itself.
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Figure 12
From donor eNB point of view relay node is exact the same as a normal UE. The only difference is this particular UE would establish many radio bearers which is of large bandwidth. But to core network this particular UE is quite different from normal UEs. One new protocol (both on user plane and control plane) stack is introduced to mainly cope with (de)multiplex UEs’ E-RAB/radio bearer to and from relay bearers.
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Figure 13
Figure 13 give two ways to implement approach 4. Left side give the option to avoid impact on CN by introducing a Relay GW between Donor eNB and CN node. The Relay GW appears to the CN as an eNB and to the eNB as a CN node. The Relay GW serves as a concentrator to converge data of UE bearers. Right one shows CN node should be enhanced to support hierarchical E-RAB. The E-RABs of relay is a super carrier carry lots of E-RABs of UEs. 
2.5.1 Protocol structure
2.5.1.1 Relay GW
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 Figure 15 control plane option C-5
User plane of Relay GW is shown in figure 14. Relay Node access Donor eNB as a normal UE, and ask for a E-RAB established between relay and relay GW which is appears as CN to Donor eNB. Correspondingly the radio bearer and S1 bearer is setup by Donor eNB. Upon the establishment of relay E-RAB, Relay Bearers is created to carry packets for E-RABs of UEs. An E-RAB of relay looks as a big tunnel to help data of UEs transported through the Donor eNB unconsciously.
Consequently, based on user plane option U-5, some specific big E-RAB is used to carry signaling of UE. Relay-AP represented in figure 15 is the control plane used to manage Relay Bearer. Relay AP is used to inform the management of Relay Bears e.g. the hierarchical structure of E-RAB, and (de)multiplexing the Relay Bears of UEs onto/from the E-RAB of relay, etc. Whether or not Relay-AP is the same as S1-AP and Relay GW just simple forward signaling need to be studied.

2.5.1.2 Enhancement MME/SGW
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Figure 16 control plane option C-4
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Figure 17 user plane option U-4

When relay node power on some relay’s E-RABs are created between relay and enhanced MME based on normal UE’s AS and NAS signaling. Since relay node is somewhat particular UE so enhanced MME will realize these relay bearers will be used for bearer UE’s signaling. In order not delay to convey UE’s NAS signaling relay node is “always on line” i.e. at least one relay’s E-RAB is established and maintained. 
When UE’s attached to relay node want to send UE related signaling, relay node collect these signaling and forwarded to enhanced MME via relay’s E-RABs. And enhanced MME extract these signaling from relay’s E-RABs. (Figure 14). Currently the amount of NAS signaling encapsulated within RRC signaling is limited. And relay node acts as a normal UE to donor eNB so there is up to 2 SRBs only. That’s why UE’s NAS signaling is conveyed over DRB.
If these signaling is related to management of E-RAB Bearers of UEs e.g. (de)multiplexing of UE’s E-RAB Bearers to and from relay’s E-RAB bearers then some Relay AP signaling are negotiated between relay node and enhanced MME. After that some new relay’s E-RABs are established to bear UE’s E-RAB bearers. These (de)multiplexing information are also delivered from enhanced MME to enhanced S-GW. So UE’s E-RAB bearers are transferred between UE and enhanced S-GW via relay’s E-RAB bearers.
2.6 Summary 
4 approaches are discussed in this paper. In first 3 approaches donor eNB will be modified more or less. While in 4th approach everything new is transparent to donor eNB while some new procedures are introduced between relay and core network. Here are the summary of the 4 approaches:
	Functionalities
	Approach 1
	Approach 2
	Approach 3
	Approach 4

	Termination of S1/X2 protocol
	Both UP and CP On donor eNB. 
	Both UP and CP on relay node
	UP on donor eNB and CP on relay node
	Both UP and CP on relay node  

	Something new introduced
	New protocol (UP and CP) over Un interface
	Routing
	New control protocol over Un interface, but simple
	New protocol (both UP and CP) between relay node and core network

	Efficiency of Un interface
	Same as Uu interface
	Lower efficiency 
	Same as Uu interface
	Same as Uu interface


	inbound/outbound mobility
	intra-eNB handover, transparent to MME/S-GW
	inter-eNB handover procedure
	Inter-eNB handover procedure
	like inter-Seving GW handover

	Couple of relay node and donor eNB 
	Tight
	Decoupled almost
	a little bit tight 
	Decoupled completely

	Security over Un interface
	Same as Uu interface
	Protected in transport layer
	Same as Uu interface
	Same as Uu interface


Table 1
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