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IntroductionIntroduction
• Benefits of employing Multi-hop Relay (Node-R) in LTE-

Advanced
• Coverage extension
• Unified throughput distribution
• Capacity enhancement

• Major considerations when introducing relay
• Optimizing for 2 hop relay while also consider > 2 hop relay to 

support further range extension
• Fundamental of frame structure or overall network architecture 

should not be affected
• Both transparent and non-transparent relay should be supported
• Hybrid centralized and distributed controlled relay
• Fixed or mobile relay nodes
• Node Relay (NR) and Home eNB are complementary solutions

• In this contribution we discuss transparent relay for FDD.
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Scenario-1: UL Only Transparent Relay
• LTE downlink performance and uplink performance are unbalanced.

• UL coverage is limited by the UL link budget 
• The simplest solution to boost UL coverage and capacity is the low cost UL only 

relay deployment:
• NR is transparent to UE and eNB
• NR listens to PDCCH from eNB on F1 @ T1
• NR receives original PUSCH from UE on F2 @ T2
• NR decodes the signals and regenerates them. 
• NR listens to PHICH from eNB on F1 @ T3
• If NACK is received, NR re-transmits correctly decoded signal from the 

previous UE transmission on F2 @T4 when UE re-transmits.
• No frame structure change is required.

• Non-interrupted transmissions from eNB and UE
• Best effort relay

• Not guarantee helping every re-transmission
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Scenario-2: UL/DL Transparent Relay (1/2)

• Transparent relay can be applied to enhance the coverage of both DL and 
UL. 
• NR is transparent to UE and eNB
• For UL:

• NR listens to PDCCH from eNB on F1 @ T1
• NR receives PUSCH from UE on F2 @ T2
• NR listens to PHICH from eNB on F1 @ T3
• If NACK is received, NR transmits the correctly decoded signal from the 

previous UE transmission at F2 @ T4 when UE re-transmits.
• For DL:

• NR listens to  PDCCH from eNB on  F1 @ T1
• NR receives PDSCH from eNB on F1 @ T1
• NR listens to ACK/NACK from UE on F2 @ T2
• If NACK is received, NR transmits the correctly decoded signal from the 

previous eNB transmission at F1 @ T3 when eNB re-transmits.

• No frame structure change is required.
• No-interrupted transmissions from eNB and UE
• Best effort relay

• Not guarantee helping every re-transmission
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Scenario-2: UL/DL Transparent Relay  (2/2)
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Scenario-3: UL/DL Out-of-Band Relay
• Using a dedicated carrier F3 for communication between eNB and NR

• Requires both NR and eNB have extra capability to transmit/receive on carrier F3
• For aggregated spectrum case:

• F3 can be a  dedicated carrier when the aggregated spectrum is non-contiguous, or a 
dedicated sub-band where the aggregated spectrum is contiguous

• F3 should have enough separation from F1 and F2 to reduce the interference.
• Multiple carriers or sub-bands could be allocated for relay transmission depending on the

traffic requirement between eNB and RN. 
• Maintain non-interrupted bi-directional links between eNB and NR as well as the bi-

directional link between NR and UE.
• In downlink, NR can simultaneously receive data from eNB on F3 and transmit data to 

UE on F1.
• In uplink, NR can simultaneously transmit data to eNB on F3 and receive the data from 

UE on F2.
• No impact to normal access links between eNB and UE.
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ConclusionsConclusions
• In this contribution, how to introduce transparent relay for 

LTE-advanced FDD are discussed. 
• Both in-band and out-band relay should be considered.
• Allocating dedicated spectrum or sub-band for relay 

transmission should be considered for non-contiguous or 
contiguous aggregated spectrum respectively. 

• Further study can be continued on performance 
evaluation, system complexity and backward compatibility 
for different relay systems. 
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