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Interference in Relay Scenarios

 Type I relays can be used to extend coverage and/or improve capacity 

with in-band backhaul

 These benefits comes at the cost of additional interference

 Three main scenarios exist

 Interference between RNs and UEs served by eNB

 Interference from eNB to UEs served by RNs

 Interference between RN and UEs served by other RNs
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Interference Case I
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Interference Case II
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Interference Case III
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Managing Interference

 Relays use the same spectrum as macro-cell in uplink and downlink

 Typically a relay serves only a few users in a small area

 Interference management can play an important role in ensuring that

 Gains from deployment of relays are maximized

 Spectrum is utilized efficiently

 Current solutions orthogonalize interference by static (or semi-static)

partitioning of resources between eNB and RNs

 This could potentially lead to under-utilization of resources

 We propose a cognitive interference management approach which 

dynamically assigns resources thereby

 Completely avoiding interference from relays

 Improving spectrum re-use
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Cognitive Interference Management

 The objective is to dynamically allocate resources in such a way that 

interfering links become orthogonal

 The cognitive framework comprises two elements

 UE Classification to identify interfering links

 Scheduling of transmissions such that

 eNB-UE and RN-UE links that do not interfere can use same resources

 eNB-UE and RN-UE links that interfere use orthogonal resources

 This allows any part of the frame to be used for eNB-RN and RN-UE 

transmissions as long as 

 RNs do not have to transmit and receive at the same time

 Interference constraints are satisfied

 RN power control can be used as an additional tool to change the 

interference profile 
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UE Classification

 To identify interfering links, eNB classifies UEs w.r.t to each RN

 Relay-cell UE - Served by the RN

 Victim UE – Sees significantly strong interference from the RN

 Safe UE – All other UEs (not affected by interference from the RN)

 Victim or Safe UE is being served by the eNB or another RN
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Example: Classification
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RN1 RN2

UE1 R S

UE2 V S

UE3 S V

UE4 S S

UE5 S R

eNB RSRSRSRN1
UE2

UE3

UE1

UE4

RSRSRSRN2 UE5

R – Relay-cell UE

S – Safe UE

V – Victim UE
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Example: Scheduling
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Interference-aware scheduling: Reuse of resources by eNB and Relays
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Standardisation Requirements

 Cognitive interference management requires mechanisms that enable 

eNB to determine the received RN signal strength at UEs

 UE may directly measure from RN transmissions and report to eNB (via RN)

 RN may indirectly measure from UE transmissions and report to eNB

 Control messages are needed for eNB to provide scheduling information 

to RNs

 Distributed scheduling - eNB can simply indicate regions where RNs are 

allowed to schedule their UEs

 Centralized scheduling - eNB will signal allocations for each relay-cell UE

 In addition, control messages maybe required to enable inter-eNB 

coordination for managing inter-cell interference due to RNs

 Enables co-coordinated scheduling in CoMP scenarios
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Use Case: Wireless Femto 

 Relay has directional antenna or beamformed high-SINR link to eNB

 Relays signals to and from user terminals

 Can be user deployed

 Tx power controlled by eNB

 Victim terminals minimized

 Can give high bit rate indoors

 Useful where conventional micro/pico/femto cell not feasible due to 

lack of wireline broadband for backhauling

 Can even be L1 relay

 With selective forwarding

 Cost, complexity, and power similar to terminal
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Summary

 Interference management is crucial to ensure that spectrum is used 

efficiently when RNs are deployed for capacity enhancement

 A cognitive scheme is proposed to manage interference in the 

presence of Type I relays based on

 UE classification in terms of observed interference from RNs

 Orthogonal resource allocation for interfering links

 Control messages may need to be defined for

 Reporting RN signal strength at UEs

 Passing scheduling-related information from eNB to RNs

 This scheme can also be applied to CoMP scenarios for inter-cell 

interference management

 Requires information sharing between eNBs
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