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1. Introduction

A number of contributions regarding dynamic backhaul resource allocation schemes have been submitted and it was agreed that a new physical control channel, R-PDCCH, is used to “dynamically” or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (the “R-PDSCH”). Most of contributions considered the simultaneous allocation of R-PDSCH and normal PDSCH over the same subframe, which requires FDM partitioning of a subframe. It is also agreed that R-PDCCH is used to assign downlink resources in the same subframe and/or in one or more later subframes. Such requirements need new features in R-PDCCH. Several contributions discussed allocation scheme of new R-PDCCH featuring above new functionalities. 
In general, when resource allocation scheme is considered within backhauling subframes, we must consider the several aspects, such as standard efforts, R-PDSCH decoding latency, and an effective common control method of RNs. While implementing the backhaul subframes and new supporting features regarding R-PDCCH, however, it would be beneficial to minimize the change in the specifications. In this contribution we describe the new scheme for R-PDCCH and R-PDSCH which may introduce minimal impacts on specifications.
2. Considerations on Backhaul Resource Allocation
2.1. Required New Configurations of backhaul subframe

There are several new required aspects when allocating resources for backhaul traffic in a subframe. 
· The resources for normal PDSCH can be allocated in the subframe. Then, the subframe shall be partitioned in FDM fashion so that normal UE traffic can be allocated in that subframe. Data and control channel for RNs will be allocated within those partitions (partition for relay traffic). It is preferred that this partition can be dynamically changed depending of the required backhaul traffic.
· There should be a specific signaling to indicate the PRB region of above partition allocated for R-PDCCH.
· R-PDCCH is used to assign downlink resources in the same subframe and/or in one or more later subframes. Then, new signaling should be implemented to achieve this goal since the current specification does not allow PDCCH to assign downlink resources in later subframes. 
· R-PDCCH may or may not exist but should be located within partition for relay traffic and later enough in terms of symbols so that RN is able to read without any interference.
2.2. Common Control Channel for RNs 
The configuration of resource blocks allocated for backhaul traffic can be different in each subframe since the amount of backhaul traffic varies depending on the status of access link and number of UEs. Therefore, it is necessary for eNB to dynamically configure every backhaul subframe and inform every RN of its configuration. Since RN has no knowledge of where R-PDCCHs are mapped, RN can’t decode R-PDCCH unless it is informed of such information. The starting point of R-PCFICH for backhaul link can be predefined in frequency domain by higher layer signaling and it is represented with “S” in this document, and then R-PCFICH is assumed to be mapped to first few REGs. R-PCFICH will be used to deliver a part of information to RN by indicating the number of symbols within which R-PDCCH is mapped using the same format as normal PCFICH. The remaining part of information is the bandwidth of backhaul allocation which needs a “new” signaling scheme. Several contributions have already discussed various new design options for that but we consider using the concept of a common RNTI for REL-8 UEs such as SI-RNTI, P-RNTI and TPC-RNTI to minimize changes in specifications. From specification point of view, this approach may be well aligned with REL-8 PDCCH design principle for SIB and paging message. In order to implement this signaling a “new” RNTI, which is common to all RNs, should be readily provided to all RNs and common R-PDCCH should be transmitted similarly as common PDCCH is transmitted to REL-8 UEs.  And the same common search space approach can be semi-statically configured only within system bandwidth which is allocated to RN. In other words, Common R-PDCCH will be transmitted starting from the first REG after R-PCFICH and it is transmitted with aggregation level 4.  It is mapped according to the same resource element mapping rule. It is believed that common information such as signaling for MBSFN allocation or donor eNB CFI exists even though further study is needed for more details. A common R-PDCCH can be implemented to carry such common information. R-PDSCH corresponding to “common” R-PDCCH will contain any higher layer signaling which is common to all RNs. One of common information will be the bandwidth of the partition for backhaul link. The common R-PDCCH can be blindly decoded by each RN in the assigned subframe. With proposed scheme, we believe, minimal specification changes are required regarding the configurations of R-PCFICH, R-PDCCH and R-PDSCH.
2.3. Dedicated control of each RN 
The baseline assumption is that nomadic or mobile RNs are deployed in a macro cell, so donor eNB has to use different modulation schemes for RNs to adapt the different channel qualities. Several formats need to be provided for sufficient coverage of RN at the cell edge or in case Relay nodes are used for group mobility. The same mapping and the same DCI format may be used for R-PDCCH and the same blind decoding scheme can be used for dedicated R-PDCCH as normal PDCCH. For decoding of R-PDCCH the same search space can be applied to RN as search space applied to REL-8 UE. In other words, donor eNB can allocate dedicated RN-RNTI at startup stage of RN, and each RN shall monitor one RN-specific search space at each of the aggregation levels 1, 2, 4, 8 only within system bandwidth for RN instead of the entire system bandwidth.
2.4. TDM Approach with Common R-PDCCH and Dedicated R-PDCCHs 
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Figure 1: TDM Common R-PDCCH and Dedicated R-PDCCH and R-PDSCH
Figure1 shows an illustration of the subframe configuration for backhaul allocation. R-PCFICH shall indicate the number of OFDM symbols for R-PDCCH, exactly the same as PCFICH in Rel-8. The mapping of R-PCFICH shall be known by RN in advance, e.g. via higher layer signaling during RN startup stage. The region of R-PDSCH can be dynamically configured and bandwidth, M, of such configuration will be signaled by R-PDSCH via Common R-PDCCH.
3.    Conclusion 
In this contribution, we have investigated some aspects of the configurations of backhaul subframes and one possible approach for the design of backhaul control channel is proposed. One of objectives in proposed scheme is to minimize the specification changes. To inherit the Rel-8 PDCCH/PDSCH design principle, we prefer to implement common RN-RNTI and corresponding common R-PDCCH that will indicate common information regarding RNs.
4.    References

[1]. 3GPP TR36.814, Relaying functionality
[2]. R1-092638, “Relay backhaul design”, Motorola, LA. USA, 29 June – 4 July, 2009
[3]. R1-091990, “Design of Backhaul Control Channel for Type I Relay in LTE-A ”, CATT, San Francisco, USA, March, 23-27, 2009
