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1. Introduction 
In LTE-A, relay technologies have been introduced to improve average cell throughput and cell edge performance [1-8]. There are different types of relays being proposed for deployment in LTE-A systems. Layer 2/3 relays have MAC functionality that impacts the way AMC and HARQ are done on the access link between the relay node (RN) and UE. They all have control signalling running on the PDCCH on the access link. This control signalling on each link can be happening on the same frequencies. This could very well create problems for RN control signalling due to the possible interference between the access link, direct link and relay link. Further, to transmit on the uplink, the UEs and the RNs should acquire and maintain timing alignment that requires SRS resources being allocated to UEs. In this paper we consider the impact of control signalling between the various links as well as the transmissions of SRS. 
2. Control Signalling for the RN  

Figure 1 shows the possible control signalling over the direct links, relay links and access links in an LTE-A system. The red text signifies transmission on the same UL carrier. The black text signifies transmission on the same DL carrier. They may or may not be at the same times. If the control signalling is centrally controlled by the eNB, there is no need to perform the interference coordination on the shared channels between the possible links. The eNB will schedule them appropriately. This could be the case with the control channels; however, there are possible interference scenarios that should be carefully considered when allocating these resources —as well as SRS transmissions.   
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Figure 1. Control signalling over different links.

On the DL, the UE in the donor cell will monitor the PDCCH of the access link. However, there may be PDCCH interference coming from the direct link. This is true for PHICH as well. Furthermore, on the UL the PUCCH over the access link and the direct link (or relay link) may also interfere if resources are not coordinated carefully.  To avoid interference, we believe that the control signalling resource coordination is required for donor cells.
2.1. Downlink Control Signalling 

Figure 2 shows the possible PDCCH and PHICH interference on the DL between the access and direct links. To avoid PDCCH interference between the access and direct links (or relay links), we suggest that the eNB reserves PDCCH resources for use by the RNs. In turn, the RN can only use those that are allocated PDCCH resources over the access link to schedule the UEs. 
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Figure 2. Downlink control signalling interference.

The eNB may adjust the allocated resources for the access links from time to time based on loading conditions and other factors.  The UEs only monitor the PDCCH resources allocated to this RN, and this resource can be signalled to the UE using RRC signalling by the eNB during the initial attachment with the RN. If two RNs are far apart and the potential interference is low, the allocated PDCCH resource over the access link could be re-used. A convenient case is that the re-use factor is one, which means no interference avoidance is supported over the PDCCH. Note that PHICH resource is linked to the UL PUSCH resource. The PHICH interference can be avoided if PUSCH transmission over the access link is on different resources [9]. 
2.2. Uplink Control Signalling and SRS Transmissions
In Figure 3 we show the possible interference for the PUCCH and the SRS over the direct and access links. To avoid the uplink control signalling interference between the access links and the direct links (or relay links), we suggest a simple centralized allocation mechanism. The UL CQI, PMI, RI and SRS transmission resources for each link should be determined by the eNB and signalled to the UE using the RRC signalling via the RN. This should be done for each RRC_CONNECTED UE including the direct-link UEs and access-link UEs. This allows the PUCCH and SRS interference to be avoided. 
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Figure 3. Uplink control signalling interference
The eNB signals the allocated PUCCH and SRS resources for the access-link UEs and their RNs via the RRC signalling during the initial attachment procedure or RRC reconfiguration procedure. Uplink CQI, PMI, RI and SRS resource reuse is allowed when two UEs are attached to two different RNs which are far away, since eNB has the overall information about the RNs and its UEs. 
The UL NACK/ACK resource is associated with the index of the DL PDCCH resource. If the DL PDCCH from the eNB and all RNs are over different resources in the same TTI as we described above, there is no interference for the uplink NACK/ACK resources. On the relay link, the CQI, PMI, RI and SRS resources are allocated by the eNB. However, since the RNs are possibly fixed and line-of-sight links are highly possible; the required resource may be very small.
3. Summary 
We have discussed control signalling and SRS resource allocation. To avoid control signal interference on the DL and UL, we propose that the eNB reserves PDCCH resources to the RNs for use on their access links. The RN only uses allocated PDCCH resources and access-link UEs only monitor the allocated PDCCH resources for this RN. These allocations will be signalled to the RNs and UEs.We also propose that the eNB centrally allocates the UL PUCCH and SRS resources to each UE including the direct-link UEs and access-link UEs in the donor cell. The allocated resource is signalled to the UE using the RRC messages via the RN. 
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