3GPP TSG RAN WG1 #58
R1-093278

Shenzhen, China, August 24 – 28, 2009

Source: 
CEWiT
Title:
Cognitive Interference Management for Type I Relays

Agenda Item:
15.3

Document for:
Discussion

Introduction
Relays are one of the new concepts being introduced in LTE-Advanced ‎[1], as a tool for improving coverage for high-date rate, increase cell-edge throughput, extend coverage etc. According the agreed definition of a Type 1 relay ‎[1], inband spectrum is used to support the wireless link between a relay and the network. In other words, the relay-to-network link operates in the same band as the UE-to-network link. As a result, interference becomes a major concern in relay-deployment scenarios, especially when the number of relays is large.
The benefits expected from deployment from inband relays (extended coverage, enhanced cell-edge throughput etc) come at the cost of increased interference. In order to maximize the relay-induced gains, the interference has to be managed effectively. In ‎[2], interference mitigation solutions for DL control channels and signals are presented. In this document, we present a scheme for minimising interference in the presence of relays with the help of dynamic resource allocation.

Interference in Relay-based Scenarios
The deployment of inband relays results in a number of additional interference scenarios, in addition to the traditional cases (without relays). 

Case 1: 
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Both the eNB and the Relay Node (RN) are transmitting in the same band to the UEs served by them. As a result, when the RN transmits to a UE associated with it, it will cause interference to UEs served by the eNB, especially those that are in the immediate vicinity of the RN coverage area, as indicated in Figure 1.
Figure 1: Interference Case 1

Case 2: 
The reverse happens when an eNB transmits to its UEs which can cause interference to UEs that are being served a RN, as shown in Figure 2.

Figure 2

: Interference Case 2

Case 3: 
[image: image2.emf]In addition to the interference by eNB and RN to UEs served by each other, a relay can also cause interference to a UE being served by another RN, as illustrated in Figure 3.
Figure 3: Interference Case 3
Case 4: 

In addition to interference at UEs, relays may also interfere with each other. As shown in Figure 4, a RN receiving from an eNB is susceptible to interference from another RN which is transmitting to one of its UEs.

Figure 4[image: image3.emf]: Interference Case 4

These four interference cases can also be extended to the inter-cell scenario, where the interferer is located in an adjacent cell. It must also be pointed out that we have only looked at the downlink and similar considerations also apply to the uplink as well.

Cognitive Interference Management

Managing the additional interference introduced by the deployment of relays is a major challenge. The most straight-forward way of minimizing interference is to partition resources between eNB and RNs such that they always use orthogonal resources. Such a fixed or semi-static resource allocation is relatively easy to implement but requires fairly accurate prior estimates of the expected traffic load on RNs. In the absence of such information, this method of allocation can either lead to under-utilisation of resources or cause congestion. The alternative approach is to use dynamic resource allocation where eNB and RNs are allocated transmission opportunities that take into account the traffic load as well as the potential to cause interference at each others UEs.

The first step in our approach is to identify the potential victims of interference. Without loss of generality, we consider only interference within the same cell. Each UE in the cell is classified as Safe or Victim with respect to each RN in the cell. A UE is considered to be Safe w.r.t to a particular RN if the latter is not capable of causing significant interference at the UE under consideration. A UE that is receiving strong interference from the RN is tagged as a Victim w.r.t that specific RN. Note that a Safe/Victim UE could be associated with the eNB or another RN within the cell. Figure 5 illustrates the classification of UEs into different categories, based on received interference from the solitary RN (serving a UE within its own coverage area – labelled as Relay UE). Taking into account the interference case 4, RNs can also be victims. For the purpose of classification, each RN can also be treated as a UE.
Figure 5

: UE Classification

The classification is done at the eNB, based on feedback received from the UEs which measure the signal strength from RNs and report back the information (along with the respective RN identifiers). Having processed the UE feedback, the eNB is able to identify the potential interfering RN(s) for each UE (served by itself or one of the RNs). This information is then exploited while allocation resources to each RN such that it is allowed to transmit using resources which are orthogonal w.r.t to its Victim UEs. Assuming that resource R1 is allocated to RN1, the same resource could be allocated to another RN, say RN2, provided that none of its UEs are victims of RN1. The eNB itself could use the same resource for its UEs that are safe from interference w.r.t RN1 and RN2. In this way, interference can be minimised and spectrum re-use maximised.

As an example, let us consider the cell shown in Figure 6. In this scenario, there are two RNs in the cell and a number of UEs, of which 3 are being served directly by the eNB whereas each RN is serving a single UE.

Figure 6

: Example scenario
The UE classification table for this scenario is shown below. Each of the 5 UEs is labelled as a Victim or Safe w.r.t to RN1 and RN2 respectively. For example, UE2 is a victim of RN1 whereas UE3 is a Victim of RN2. On the other hand, UE4 is safe from both RN1 and RN2.

Figure 7

: Classification Table

Based on the UE classification, the eNB allocates resources to RN1 and RN2 accordingly. Figure 8 shows one snapshot of resource allocation for this scenario. Only a single frame is shown for simplicity. As illustrated in the figure below, RN1 can transmit to UE1 using the same resource on which the eNB is transmitting to UE4. This is possible because UE4 is safe from interference caused by RN1. Similarly, RN2 can transmit to UE5 using the same resource on which eNB is transmitting to UE4 since the latter is not a victim of RN2. The figure also shows the so-called ‘Collision Zones’ for each RN where they are not allowed to transmit since their respective victims are scheduled to receive from the eNB in that resource.
Figure 8

: Resource allocation

This example clearly shows how interference in relay-based scenarios can be minimised with the help of dynamic resource allocation. Note that the same approach can be extended to inter-cell case where neighbouring eNBs exchange information on interference from each others RNs.

Specification Issues
The interference management scheme described above relies upon feedback from UEs regarding the signal strength from different RNs. Therefore, in order to make use of this technique, suitable mechanisms for reporting RN-related information have to be supported. At the minimum, the received signal strength from a potential interferer RN and its identity has to be reported back to the eNB. It is not necessary to report the signal strength from all the RNs. Only those that can cause significant interference need to be reported. The periodicity of reporting will obviously depend on the mobility scenario. In particular, for nomadic and fixed (users) case, the frequency of reporting can be kept quite low. For RN identification, a signature sequence has to be transmitted by each relay which is already possible for Type 1 relays.
The second aspect that needs to be considered is the indication of resource allocation from eNB to RNs. Based on the UE classification table, the eNB has to allocate resources to each RN and this information has to be signalled to the RNs. The granularity of such information will depend on the scheduling mode. When centralised scheduling is being used, the eNB has to inform each RN regarding the allocation for each of its UEs (i.e. UEs served by the RN). However, when distributed scheduling is used, then the eNB only needs to indicate the resources that an RN can use and then the latter can independently schedule its UEs within the specified region.
The third specification issue relates to exchange of information between neighbour eNBs. The X2 interface already provides for such coordination and it could be used for this scenario as well.

Conclusion

Relay is a new feature currently being discussed for LTE-Advanced. Deployment of relays can help improve coverage or enhance cell-edge throughput. However, the presence of relays exacerbates the interference problem, especially if deployed in large numbers. Therefore, interference management becomes a crucial element in relay scenarios. In this document, we have presented a dynamic resource allocation scheme based on UE classification which helps minimise interference due to relays and increases spectrum re-use. The specification issues arising out of this proposal are also discussed briefly.
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