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Discussion and Decision
1 Introduction
R-PDCCH design was discussed in RAN1-58bis.  The design criteria for R-PDCCH were discussed in [1], [2], [3], [4], and [5].   The summary of backhaul design issues in [5] provides a comprehensive view on R-PDCCH design issues as well as R-PCFICH and R-PHICH design issues. Many options of R-PDCCH design approaches are still open for discussion.  This paper discusses the impact of access methodology of R-PDCCH and timing of type 1 relay node on the R-PDCCH design.  
2 R-PDCCH Design Issues

The R-PDCCH design includes the R-PDCCH region, mapping of R-PDCCH to resource elements, and the need of interleaving.  However, the R-PDCCH design also includes the content of the R-PDCCH.  Most studies on R-PDCCH design have assumed that the formats of contents and decoding method are similar to that of PDCCH with similar DCI format, search spaces and blind decoding.  However, the PDCCH methodology might not fit well for R-PDCCH design since the access and traffic arrival for the backhaul link for type 1 relay nodes is different from those for normal UEs.  Relevant considerations for R-PDCCH design are as follows,
· Aggregated traffic -The backhauling traffic is aggregated for multiple UEs served by the type 1 relay node.  This results in more predictable resource allocation than for application data for individual .  
· Data flow Control - The relay nodes would have a large buffer size for aggregated traffic and data flow control with the donor eNB.  The resource allocation for type 1 relay backhauling should be similar to the trunking design of wireline connection for eNB backhauling.  Thus, the access methodology of R-PDCCH design does not need the dynamic assignment of resource allocation for the relay nodes to access.  
· Relay Node Configuration – Type 1 relay nodes are part of E-UTRAN configuration.  The relay nodes are configured and tightly coordinated within the E-UTRAN.   The antenna configuration and transmission modes of type 1 relay nodes should be configured at the system initialisation.   Most downlink control information of the relay nodes needs to be configured in the system configuration at the system initialization.  The DCI format in the PDCCH access methodology is preconfigured for backhauling.  Most of the contents in the preconfigured DCI format are also preconfigured.  
· Timing relationship between the donor eNB, the RN, and the UE – Type 1 relay is an inband relay.  In order to limit the self interference of backhauling access from the RN-UE transmission, the relay node would not transmit and receive in the same subframe. The timing relation between the donor eNB and the RN is critical in the R-DPCCH design. The MBSFN is configured for the RN-UE link when the relay node is receiving data from the donor eNB.  The first 3 symbols of the subframe could not be received by the relay node for backhauling.  The PDSCH region is used for the R-DPCCH.  The transmission time of the RN-UE link could be aligned with the reception time of the eNB-RN link as shown in Figure 1.  However, the guard period at the PDSCH region is design to take into account of the timing uncertainty in [6] as the “yellow” region shown in Figure 1.   The other scenario is that the eNB and the RN need to be fully synchronized as shown in Figure 2.  In TD-LTE systems, it is required to fully synchronize the eNB and the relay node to avoid DL interference to the UL transmissions.  Thus, a guard band is required to accommodate the propagation delay.  
In summary, it is not adequate to reuse the DCI format and content in the PDCCH access methodology for the R-PDCCH.   It is not necessary to use the search space concept and blind decoding of PDCCH access methodology for the R-PDCCH design.  The R-PDCCH access methodology could be simplified.  The contents of R-PDCCH could be minimized since most of the system configuration is set up in the configuration during the relay node installation 
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Figure 1: R-DPCCH region and Tx/Rx timing relation between the donor eNB, the RN, and the UE
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Figure 2: R-DPCCH region with timing relation between the donor eNB, the RN, and the UE when the eNB and the RN is fully synchronized.  The full synchronization is required in TDD system.
2.1 R-PDCCH region size in time domain
The R-PDCCH region under consideration is as follows,

FDM + TDM: R-PDCCH is defined or configured at numbers of OFDM symbols.

FDM only:  R-PDCCH is defined at all OFDM symbols
The TDM and FDM multiplexing is basically an extension of the PDCCH design with fixed control region but not extended to full BW in order to support Rel-8 UEs at the donor eNB.   The PDCCH access methodology, such as DCI format, resource mapping, and blinding decoding, could be reused for R-PDCCH.  Since the R-DPCCH is not recognized by Rel-8 UE, the configured RBs in frequency domain could not be used by Rel-8 UE.  This could be pose a serious restriction, leading to an adverse impact on system performance at the donor eNB.  

FDM multiplexing means the R-PDCCH will occupy a number of RBs, which is configured for Rel-8 PDSCH transmission.  The R-PDCCH could be mapped to Rel-8 PDSCH as part of scheduling grant.  The resource allocation of the R-PDCCH is pre-configured in the relay node setup.  Additional R-PDCCH resources could be dynamically allocated through the default R-PDCCH channel.  The FDM multiplexing would have no impact to Rel-8 UEs since it is another part of PDSCH RBs that are not scheduled for Rel-8 UEs.  
Since the R-PDCCH needs to be pre-configured and the access methodology could be simplified, the FDM multiplexing approach is preferred.  
2.2 R-PDCCH placement in frequency domain and Interleaving
Since the relay node is part of the E-UTRAN, the radio channel of the eNB-RN should be optimized to enable good quality backhaul reception.  The distributed resource allocation does not provide much gain.  The interleaving would not show much benefit.  Thus, localized resource allocation and no interleaving are preferred.  
3 Conclusions
This paper discussed the design issues and the resource allocation for R-PDCCH.  The system analysis of R-PDCCH design shows that the R-PDCCH should not reuse the DCI format, search space, and blind decoding of PDCCH access methodology, for the following reasons: 
· More consistent data arrival due to aggregation of traffic in the backhaul link
· Flow control between the donor eNB and the relay node

·  Pre-configuration of the relay node and the buffer capability at the relay node
· Sensitivity of Tx timing.

Based on R-PDCCH design analysis, FDM multiplexing is preferred with localized resource allocation.  No interleaving is needed.
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