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1. Introduction
In the last RAN2 meeting (RAN2#65bis), RAN2 agreed the definition of Nodes and interfaces. 

Nodes:

-
Donor-eNB: eNB to 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
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RAN2 also concluded following protocol architecture issues. 
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
Based on above agreements, this document discusses high level requirements for Relay architecture and priority of use cases and mobility scenarios. This document also identifies issues to be clarified for the architecture study based on the prioritized use cases and mobility scenarios. 
2. The role of RN in the network

A Relay Node can be seen both as UE and as an eNB in the network.

· RN as a UE
Considering RN nature being connected to its DeNB with wireless interface, a RN is seen from MME/eNB as a UE when performing the following procedures:
- NW attach, to obtain its IP address.
- C-plane connection establishment, e.g. RRC Connection Setup
- U-plane bearer establishment, e.g. E-RAB setup (if considered necessary) and DRB setup.
- RN mobility signalling (if supported)

· RN as an eNB
Being a ‘network node’, an RN is also seen from eNB/MME as another eNB, when performing the following procedures:
- S1/X2-like setup between itself and another network node (eNB and/or MME)
- Configuration data update between itself and another network node (eNB and/or MME)
- Transferring “UE associated AP signalling” message of the UE that is connected to it

3. Requirements
Taking an existing E-UTRAN architecture and smooth deployment into consideration, the following 4 items can be considered for the high level requirements for Relay architecture. 

Requirement 1: Impact to legacy network elements shall be minimized. 
- Especially, Core Network impact shall be minimized or avoided. The eNB impact might be tolerable, but should be limited. 

Requirement 2: When determining NW interface C-plane protocol stack, the following functions shall be provided all the way on the TNL for the RN-MME AP layer C-plane interface (for the RN as an eNB) to achieve the same performance as the TNL in wired network. 

1) Security (ciphering and integrity protection)

2) TNL reliability (keep alive, in-sequence delivery, retransmission)
Requirement 3: When determining NW interface U-plane protocol stack, the following functions shall be provided all the way on the TNL for the RN-SGW U-plane interface (for the RN as an eNB) to achieve the same performance as the TNL in the wired network. 

1) Security (ciphering)

2) User identification
Requirement 4: UE mobility to/from RN shall be supported without considerable performance degradation. 
- Handover performance similar to mobility to/from Release 8 eNB should be aimed for. However, there might be trade off between handover performance and system complexity. 
4. Use Case Study
The potential use case scenarios for relay assisted system have been studied in RAN1 [2]. Although all of the scenarios are possible applications, in order to proceed to the architecture study efficiently, we propose to give prioritisation order towards these scenarios and focus the study on the functions needed for the prioritized scenarios.  
Our proposal is shown in the first column of Table 1. We believe that the primary role of relay system is to extend the coverage in rural district. Therefore, the scenarios of rural area and wireless backhaul which complements the deployment in rural area should be of high priority. The scenario of the emergency or temporary coverage should be of medium priority, since in a disaster or temporary events heavy traffic needs to be accommodated just temporarily and provisioning of wired backhaul might not be possible in a timely and effective fashion. Then, for the urban/ indoor hot spot scenarios, it is thought that a pico/ femto cells are more effective than relays, as in such cases wired backhaul should be relatively easy to be provided, and since peak throughput is limited with relays (since RN transmission/ reception over the Uu must occur on different resources from RN reception/transmission over the Un). Hence, for these cases the priority should be low. Moreover, for the Dead Spot case, already in today’s operation, utilisation of repeater (L1 relay) turns out to be quite effective; hence there is no strong reason to set high priority for the case.
Table 1 Comparisons of the relay application scenarios [2]

	Proposed priority
	Scenario
	RN Mobility
	Hops
	Targets

	Low
	Urban Hot Spot 
	Fixed, Nomadic
	Two hops 
	Coverage and Throughput 

	Low
	Dead Spot
	Fixed
	Two hops or Multi-hops
	Coverage

	Low
	Indoor Hot Spot
	Fixed, Nomadic
	Two hops
	Throughput

	 High
	Rural Area
	Fixed
	Two hops
	Coverage and Throughput

	Medium
	Emergency or Temporary Coverage
	Nomadic
	Two hops or Multi-hops
	Coverage and Throughput

	High
	Wireless Backhaul only
	Fixed
	Two hops or Multi-hops
	Coverage or Throughput

	Low
	Group Mobility
	Mobile
	Two hops
	Throughput


5. Mobility Scenario

Considering the possible combinations of the source node and the target node when the UE performs handover, 6 scenarios of the UE mobility can be considered as shown in Figure 1. The scenarios are ordered according to the priority that lower index indicates higher priority. Note that the node in parenthesis refers to an intermediate node that lies in the network path. 
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Figure 1 UE mobility scenarios for Relay architecture
UE mobility between RN and DeNB will most likely occur in all use case scenarios, and therefore scenario 1 is the highest priority among the 6 mobility scenarios. Although the UE mobility between RN and non-DeNB via DeNB (scenario2) may not occur as frequent as scenario 1, it will often occur in emergency or temporary coverage scenario and it will likely occur also in the rural area, wireless backhaul scenarios and in the rest of the relay application scenarios. As well as scenario 2, the UE mobility between different RNs which have different DeNB connection (scenario 3) will also occur in emergency or temporary coverage and with lower frequency occurrence in rural/wireless scenario. The rest of the scenarios (4, 5 and 6) may occur in urban hot spot or dead spot scenario. However, they might be rare mobility scenarios in those prioritized scenarios. 
As a consequence, we propose that Relay architecture should at least support mobility scenarios 1, 2 and 3. 

6. Issues to be clarified

In addition to the abovementioned issues, in order to study the Relay architecture and functions, the following issues need to be clarified. 
Issue 1: Is there an AS C-plane protocol stack between RN and DeNB (Un interface)? (FFS in the last RAN2)
- At least from “RN as an UE” point of view, it should be defined. Otherwise, connection between RN and DeNB cannot be established. Therefore, it can be foreseen that RRC exists on the Un interface.
- It should also be clarified if there are any RRC functions related to the UE (who is connected to the RN) that DeNB takes a part in. 
Issue 2: Where is S1/X2-AP signalling (for the RN as an eNB) terminated?
- The necessity of S1 termination is addressed in [3], and the necessity of X2 interface is addressed in [4]
- Assuming that S1/X2-AP signalling is terminated at RN, it should also be clarified if it is transferred via RRC or via PDCP over the Un interface. 

Issue 3: Does the RN have X2 interface with other eNB/RN?

- It should be clarified from the UE mobility point of view. See [4]
Issue 4: Should the Relay architecture support multi-hops?

- If it is able to support without any complexity, it would be an option. Consideration and evaluation based on the impact towards mobility performance is needed.
Issue 5: Should the Relay architecture support RN mobility?

- In order to support high/medium priority cases proposed in this document, we think that it is enough to consider the Fixed or Nomadic RN. 

7. Conclusion and proposal
Proposal 1: It is proposed to agree on the following high level requirements for the Relay architecture. 

Requirement 1: Impact to legacy network elements shall be minimized (especially the core network).

Requirement 2: Functions for the TNL of S1-C interface (Security, TNL reliability and User Identification)

Requirement 3: Functions for the TNL of S1-U interface (Security and User Identification)
Requirement 4: Similar handover performance to Rel.8 eNB when supporting mobility to/from RN
Proposal 2: It is proposed that RAN2/3 decides the priority of the use cases so that the study can be focused on the functions needed for the prioritized use cases.
DOCOMO believes that the use cases for Rural Area, Wireless Backhaul and Emergency or Temporary Coverage are the use cases that should be prioritized.

Proposal 3: It is proposed that RAN3 decides on the supported UE mobility scenarios to proceed to the architecture study efficiently. 
Proposal 4: It is proposed for RAN2 to discuss and decide whether the Un interface will have control plane protocol functions, i.e. RRC.
- RN as UE: It is foreseen that RN will have RRC.
- RN as eNB: Needs to be clarified in RAN2.
Proposal 5: It is proposed that RAN3 decides whether support for issue 5 (muti-hops) and issue 6 (RN mobility) are needed. 
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