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1. Introduction
After the “Study Item on LTE-Advanced” was launched at 3GPP RAN IMT-Advanced Workshop in Shenzhen, many companies proposed to take Relay Node (RN) into consideration as an effective and efficient way to improve the capacity and extend the coverage [1-5]. The main benefits of relaying seen from an operator perspective are cost efficient deployment (OpEx and CapEx), end deployment speed-up and simplification. In particular, some discussions were started based upon the classification of relays as L1/L2/L3 [6-7].  
This document discusses those relay system scenarios, which are concentrated on by operators, and the targets which should be obtained through the relaying function. Besides, in each relay system scenarios, the pros and cons of the L1/L2/L3 relay are presented. The frame structure and functional split of L1/L2/L3 relays are still under discussion. Whilst there is a general understanding on L1 relays as advanced repeaters, there is less clarity regarding the operation and impact of L2 and L3 relays. It should be studied, which functionalities should be included in the relay or modified, and which should be taken over by serving eNBs. In our view L3 relays support self-backhauling and may require some changes to L2 in addition to L3.
2. Clarification of L1/L2/L3 Relay

The L1/L2/L3 classification depends on what layer the user-plane traffic data are forwarded.

The L1 Relay amplifies and forwards the received signal from source in the physical layer. And it can be considered as an advanced repeater with measurable, controllable and power control functionality. The major merit of L1 relay is that less delay is introduced compared with L2 and L3 relay. Some modifications should be considered on the radio protocol, e.g. MAC, and RRC may be concerned.

L2 relays decode and re-encode the received data blocks from source and then forward to the target in layer 2. The decoded data blocks can be precisely processed, and no noise is forwarded by the relay node. Link adaptation may be performed individually for each hop which gives a more efficient way for resource utilization. In addition, RRM technologies can be implemented in the L2 relay which may provide benefits in terms of higher throughput and larger coverage. Some modification of the radio protocol MAC, and RRC RLC may be required.

The L3 relay node forwards the user–plane traffic data packet using the IP layer. The L3 relay does not require significant modification of the radio protocol because it performs the transmission functionality of S1 and X2. Some enhancements could be adopted the on air interface to achieve higher throughput.. The purpose of L3 relay is to provide more cost-efficient backhauling. However, the overhead of L3 relay is higher compared to L2 relay due to header packing and re-packing, and the resource utilization of L3 relay might be less than L2 relay. Some enhancements on the air interface could be adopted to achieve higher throughput. However, the throughput of the backhaul link may become a bottleneck for the whole system capacity.
3. Discussion on Application Scenarios
In this section, some relay system scenarios, which are of interest to operators, are presented.  High level comparisons including the merits and demerits will be provided for the L1/L2/L3 relays in each relay system scenario.

3.1. Rural Area
The aim of the rural area scenario is to achieve ubiquitous coverage whilst reducing deployment cost with the introduction of relays as depicted in Figure 1. 
The environment around the RN and UE is slowly varying, and  Line of Sight (LOS) between the eNB and UE as well as RN and UE is dominating, therefore the density of RN can be very low and the coverage radius is expected to be several kilometers. However, NLOS (Non-Line-of-Sight)  situations should also be supported by the concept for this scenario.  
Main characteristics for such deployments are as follows
· The RN-served area is relatively wide and user density is low
· The control signaling of eNB is too weak in RN area not to be heard correctly by UEs.
· The difference in transmission power between RN and eNB may not be so much.
· The throughput in RN area is not so high.
· Fixed deployment.
· Two-hops or multiple-hops
Considering the long distance between the RN and eNB, the SINR is usually very low. After L1 forwarding, thermal noise introduced in the receiver unit of L1 relay is amplified, which reduces the SINR in the UE side further. In addition, because of the interference issue, a conventional repeater is not usually suitable for large scale coverage. 

Therefore,

1) L2 relay or L3 relay may be preferable for the rural area scenario but other options should also be investigated from cost and complexity.

Figure 1 Relay System Scenario: Rural Area
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3.2. Urban Hot Spot
The aim of this scenario is to obtain higher spectrum efficiency while providing coverage enhancement and increased throughput for users (shown in figure 2). Fixed and nomadic relay nodes are envisaged with this scenario. Techniques such as Self Organizing Network (SON) may be able to lower the deployment cost. 

Main characteristics for such deployments are as follows:
· The RN-served area is relative small.
· The isolation degree in RN area is relatively low. 

· The transmission power of RN is relatively low.
· The user throughput in the RN area is relatively high.
· Fixed deployment

· Two hops
In this scenario, the disadvantages of L1 relay, e.g. noise accumulation and reduced spectrum efficiency, will be magnified. The RN needs to know which UE needs forwarding and which does not. Some additional MAC functions should be introduced, such as error correction through HARQ and outer ARQ, dynamic priority handling and scheduling. 
Therefore, 

2) L2 or L3 relay may be preferable for the urban hot spot scenario.
Figure 2 Relay System Scenario: Urban Hot Spot
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3.3. Dead Spot

In this case, the aim is to achieve coverage extension for users in coverage holes shown in Figure 3. Fixed relay nodes on a planned deployment are envisaged with this scenario. 

This scenario is very similar to the urban hot spot except for the following characteristic:

· The isolation degree in RN area is high.
In this scenario, the SINR of the relay link is usually high enough to conquer noise accumulation, and the isolation degree of RN coverage area is also high enough to avoid interference. Considering the deployment cost, complexity and gains, L1 relays may have more benefits in this scenario. However, L2 and L3 relay need to be studied also.
Therefore, 

3) L1 relay may be preferable for the Dead Spot scenario.
Figure 3 Relay System Scenario: Dead Spot
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3.4. Indoor Hot Spot
The main challenge in this scenario is to cope with high shadowing and indoor penetration loss. In this case, the aim is to provide high throughput for indoor hot spots, while maintaining high spectrum efficiency for the system as shown in Figure 4. The throughput requirement can be high, and the transmission environment is relatively stationary. 
Characteristics of such a deployment are similar to that in section 3.2 with the exception that the deployment of RN may be self-installed rather than planned by the operator. In addition, the RN will experience penetration loss compared to the outdoor hot spot scenario. 
In order to obtain high throughput transmission and spectrum utilization, there should be some L2 functions in RN for precise control and scheduling, while the deployment cost of RNs should be kept low.  
Therefore 

3) L2 or L3 relay may be preferable for the indoor hot spot scenario.

Figure 4 Relay System Scenario: Indoor Hot Spot 
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3.5. Group Mobility
The group mobility scenario refers to a mobile relay station intended to facilitate higher throughput and lower handover interruption for local users, who are in a highly mobile public transport (train or bus) as shown in Figure 5. The aim of this scenario is to mitigate the frequent handover problem which is caused by high speed mobility of a group of UEs. In this scenario, the RNs are installed on the top of the moving vehicles. Consequently, the access links between RN and UEs are relatively stationary. However, the capacity of the relay link between the RN and eNB is likely to be the bottleneck for this scenario.
In this scenario, the RNs should be able to perform additional resource management for all the local users. Furthermore, the connection setup of the users as well as the mobility management should also be dealt with by the RNs. For these reasons, the L1 relay is likely to be inadequate in this scenario and the L2 or L3 relay may be a better choice. In this case, the S1 interface should be further studied.
Therefore,

4) L2 or L3 relay may be preferable for the group mobility scenario.

Figure 5 Relay System Scenario: High Group Mobility
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3.6. Emergency or Temporary Network Deployment
This coverage scenario refers to the temporary communications network deployment after a disaster or other events that require fast and scalable deployment. Temporary non-emergency deployment may also be required for live events e.g. fun fair, concert’s, public gatherings, sports events like Olympic Games etc. In unanticipated emergencies, the conventional infrastructure may be destroyed by those disasters. How to resume the communications as soon as possible is the target of this scenario.

Because of the natural self-backhaul functionality, L2 relay and L3 relay can be deployed to settle the problems mentioned above, which can quickly provide effective coverage for the disaster area. Self-organizing network (SON) mechanisms should support the network roll-out and operation. Also it is also worth studying more powerful relay nodes supporting more than two-hop transmission.
Therefore, 
5) L2 or L3 relay may be preferable for the emergency/temporary network deployment scenario.

Figure 6 Relay System Scenario: Emergency network
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3.7. Wireless backhaul only
The throughput of some rural base stations is low, or there is some vacant frequency spectrum. In this case, the RN is deployed for providing backhaul link between eNBs and needn’t provide access service, i.e., RN provides fixed-point transportation only. 
The backhaul link can be optimized specially and provide higher spectrum efficiency to solve backhaul problem of some eNBs.

Main characteristics for such deployments are as follows:
· One RN may serve multiple distant eNBs. 
· The higher transmission power of RN is needed

· The total throughput of RN area might be high

· The amount of RN-served station (eNB or RN) is small, and the RN-served station is fixed deployed. 
· Two-hops or multiple-hops
Therefore, 

6)  L3 relay is preferable for the wireless backhaul scenario.
Figure 7 Relay System Scenario: Wireless Backhaul
[image: image7.png]Bl B2





4. Conclusion
In this document, the potential application scenarios for a relay assisted system are presented. The preliminary view on preferred relay types and the pros and cons of L1/L2/L3 relays for each of the considered application scenarios are also discussed. The summary of the content discussed above and the proposals including the potentially preferable relay type is depicted in Table 1.
The preferred relay types i.e. L1/L2/L3 may need to be re-visited once we have a better understanding of the gains along with cost and complexity of different types of relays.
It remains also open if one unified relaying concept would fit all scenarios without too many compromises, or if different solutions need to be developed to address these deployment scenarios. Limiting the options would be desirable.
Table 1 Comparisons of the relay application scenarios

	Priority
	Scenario
	Mobility
	Hops
	Targets
	L1/L2/L3 Relay preferred

	1
	Urban Hot Spot 
	Fixed, Nomadic
	Two hops 
	Coverage and Throughput 
	L2 or L3 Relay 

	2
	Dead Spot
	Fixed
	Two hops or Multi-hops
	Coverage
	L1 Relay 

	3
	Indoor Hot Spot
	Fixed, Nomadic
	Two hops
	Throughput
	L2 or L3 Relay 

	4
	Rural Area
	Fixed
	Two hops
	Coverage and Throughput
	L2 or L3 Relay 

	5
	Emergency or Temporary Coverage
	Nomadic
	Two hops or Multi-hops
	Coverage and Throughput
	L2 or L3 Relay 

	6
	Wireless Backhaul only
	Fixed
	Two hops or Multi-hops
	Coverage or Throughput
	L3 Relay 

	7
	Group Mobility
	Mobile
	Two hops
	Throughput
	L2or L3 Relay 


Thus, the above discussion brings on the following proposals:

Proposal 1:  It is proposed that RAN1 take the 7 application scenarios described in chapter 3 as a basic assumption of application scenarios for the ongoing studies
Proposal 2:  Agree as a working assumption the preferred relay types for each of the application scenarios as proposed in Table 1. RAN1 revisit the assumptions on relay types if other relay types perform better considering cost and complexity. RAN1 should prioritize studies on the physical layer of L2/L3 relay.
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