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Introduction
Relay is a key technology in LTE-A system. According to protocol structure, Ericsson categorize relay into 3 different types: L1, L2 and L3 relay and gave a detail analysis in [1] for each type. Ericsson suggested support L1 and L3 relay, but we think there is also an important scenario for L2 relay.  

Discussion

There are two important scenario for relay in LTE-A. One is coverage extension and the other one is capacity increase. In the following two tables, different solutions will be compared.

1. Scenario of increase the capacity , e.g. hotspot 

Table 1
Analysis the solution for the scenarios of increase capacity 

	Solutions
	Pro.
	Cons.

	Femto/Pico/Home-NB
	· Individual control

· Lower latency

· Little influence on compatibility
	· Higher cost 

· More frequently HO would be introduced 

	L3 Relay
	· Lower cost compare with eNB
· Little influence on compatibility
	· RS link consume the time-frequency resource

· In addition latency could be introduced

· Enhanced wireless S1 interface

· More complex system design might be introduced

· Cooperation efficiency will be low

· High cost compare with L2 relay.

	L2 Relay 
	· Higher frequency diversity gain

· Lower cost compare with L3 Relay

· Support the efficient cooperation between RS、UE and eNB, e.g. coding cooperation
	· RS link consume the time-frequency resource

· In addition latency could be introduced

· More complex system design might be introduced


According to the analysis in table 1, in the scenario of increase capacity, a distinct  advantage of L2 Relay is lower cost, though it introduce in addition latency and consume more resource. But with a efficient cooperation, L2 relay should achieve a higher spectrum efficiency. 

2. Scenario of coverage extension, e.g. the coverage of uncovered areas 
Table 2
Analysis the solution for the scenarios of coverage extension

	Solution
	Pros.
	Cons.

	L3 Relay
	· Limited influence on the system 

· Lower cost compare with eNB
	· UE need to measure more value volume

· enhanced S1 interface

· High delay

· Higher cost compare with AF Relay. 
· RS link consume the time-frequency resource

· 

	Femto/Pico/HNB
	· No impact on compatibility
	· Higher Cost 

· UE need to measure more value volume

	AF Relay
	· Lower latency 

· Low cost 

· No influence on complexity of system

· No influence on compatibility
	· Amplified both noise and signal
· In addition interference could be introduced 



For the scenario of coverage extension, L3 Relay is a better solution. And for blind point near the eNB, AF Relay is a better solution.

Solution
Schemes for extending capability based on L2 Relay:

1. scheduling  

a) Centralized scheduling: resource allocation and scheduling should be processed in eNB. UE can transmit data through all over the bandwidth, so that the frequency diversity gain is maximum. UE may need to measure and feedback whole bandwidth it resides in. The measurement report may be sent to eNB directly or processed then forwarded to eNB by RS. 
b) Distributed scheduling: eNB allocates spectrum to RS with semi-persistent mode, and then UE which anchors in this RS should feedback measurement reports to RS and should be scheduled flexibly in this spectrum for QoS requirements by RS. 
2. Relay link transmission: For relay link, the LOS transmission condition is easy to get, it can support higher MCS. Therefore, eNB can package the data, e.g. with same QoS character and/or from different UEs which belong to one RS, and send the data with higher MCS to RS so that the overhead could be decreased.
3. HARQ: For delay sensitive service, L2 relay may not perform HARQ function. For error sensitive service, HARQ function may be performed in L2 relay.
4. ARQ： For L2 Relay, it is not suggested to have the ARQ function.
5. Handover: Because under the scenario of capacity expansion, L2 Relay does not need to broadcast system information, the handover is transparent for the UE and the handover procedure is only between eNB and RS. 
6. Cooperation mode: ICooperation should be supported between RS and eNB. For example, coding cooperation to improve the frequency efficiency of the system and decrease the power consumption.
Schemes for extension coverage based on L3 Relay:

It is possible that the protocol stack structure of L3 Relay is the same as that of eNB, supporting the whole procedure of accessing by the UEs. The designing of the interface between eNB and RS needs studying. We suggest that the designing follow the S1 interface between eNB and GW to decrease the complexity of the protocol and the system. The cooperation mode is not recommended to be used here.
Conclusions 

We suggest：

· Using L2 Relay in the scenario of capacity increase.
· Using L3 Relay in the scenario of coverage extension.
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