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1 Introduction
There have been a number of proposals about backhauling scheme between an eNB and a RN especially for in-band relaying. Most of them are focused on high level description such as multiplexing between backhaul link resource and access link resource, backhauling DL/UL subframe usage, impact on backward compatibility for LTE rel-8 and so on. However, it is also necessary to consider resource allocation scheme within backhauling subframes while causing minimal impact on legacy macro-UEs in the same subframes. 

In this contribution we describe a few backhauling resource examples and discuss several design points. 
2 Resource Allocation Schemes for Relay Backhaul Link

PDCCH is designed to deliver the essential scheduling channel assignment or grant information to LTE/LTE-A UEs and also can be used for relay node (RN). However, considering in-band relaying, it may not be feasible or efficient that a RN receives PDCCH from a macro eNB depending upon backhaul transmission scheme. For example, when fake-MBSFN subframes[2] or band swapping[3] is applied as a backhaul transmission scheme, a RN may not listen the legacy LTE PDCCH from the serving macro eNB because it should transmit control channel to its subordinate UEs as shown in Fig. 1 (or it maintains transmitting on DL band all the time in case of band swapping). As a result, relying on the legacy LTE PDCCH for resource allocation indication to RNs is not a good approach for all relay types except a kind of repeater. In addition, the backhaul resource structure can be also dependent on the way how to manage the backhaul traffic transportation between eNB and RNs. In the contribution, two conceptual resource allocation schemes for backhaul transmission, i.e. dynamic and semi-dynamic resource allocation are described. In addition, several relevant consideration points including backhaul data traffic composition are introduced.
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Fig. 1. Exemplary DL subframe configuration at an eNB and a RN in case of fake-MBSFN subframe assuming 1 OFDM symbol transition gap.

2.1 Semi-static Resource Allocation scheme
Since backhaul traffic can be semi-static in view of statistical multiplexing among different UEs and over time, one approach allocating backhaul resource is to predefine the backhaul resource size and allow only long-term resource variation. In this approach, it is reasonable to use a fixed transmission format for both control and data information. To adjust the resource allocation and configuration, high layer signalling which can be initiated by both eNB or relay is used for new allocation and configuration.

However, this scheme is vulnerable to error case since error recovery procedure can be complicated and inefficient to support different QoS classes due to the fixed transmission format. On the other hand, semi-static backhaul resource brings less control information regarding the resource allocation to relay nodes and relaxes the scheduling burden to eNB scheduler due to the fixed resource reservation. 
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Fig. 2. Exemplary description of semi-static backhaul resource allocation scheme.

2.2 Dynamic Resource Allocation scheme
Backhaul resource for communication between a macro eNB and a RN can be dynamically scheduled by an eNB in such a manner as access link resource is allocated to each UE by an eNB (or a RN). The amount of allocated physical resource and MCS are determined by an eNB scheduler considering the traffic load, the backhaul link quality, traffic type and QoS, etc. To support dynamic resource allocation, physical control channel should be available to RNs. However a RN may not receive the PDCCH as described above. Therefore, a new physical control channel for RNs may be allocated additionally considering backhauling scheme, backward compatibility and so on. As an easy way to allocate a new control channel for RNs, an eNB can predefine a portion of DL (or UL in case of band swapping) resource for common control channel for all RNs in a macro cell. Then, a RN can get DL/UL scheduling information (e.g. location of resource allocated and MCS applied for DL/UL backhaul communication of the RN) by full searching the common control channel. The format and contents of the physical control channel can be reused of the LTE rel-8 structure or modified considering the backhaul link feature.

Predefining a region for a common control channel for all RNs in a macro cell is a simple method as described above, however considering the RN traffic will be at every backhaul subframe it can be an overhead for a RN to perform full searching of the common control channel. Moreover, it can be more reliable control channel transmission to allocate a RN specific control channel considering frequency channel selectivity at each RN. Therefore, we can design a semi-dynamic resource allocation scheme as a modified form of dynamic resource allocation scheme. In this scheme, there exist two DL backhaul regions; one is “Primary Backhaul Resource” (PBR) and the other is “Secondary Backhaul Resource” (SBR). PBR is a predefined region for each RN and only minimal amount of resource is allocated for PBR. SBR is dynamically allocated backhaul resource depending on the traffic load which is not covered by PBR. The scheduling information of SBR is signalled to a RN through the physical control channel embedded within PBR as shown in fig. 3. The UL backhaul region can be also allocated through embedded physical control channel in PBR with UL grant based manner.
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Fig. 3. Exemplary description of PBR and SBR allocation in a backhaul subframe.

Dynamic backhauling enables flexible scheduling between macro UEs and RNs, and efficiently support various QoS classes. However, it is more complex comparing with semi-static backhauling and new control channel for RNs should be allocated in addition to PDCCH. The following table shows the Pros. and Cons. of semi-static backhauling and dynamic backhauling respectively. 
	
	Pros.
	Cons.

	Semi-static backhauling
	· Less control signalling overhead regarding resource allocation for RNs
· Less burden to eNB scheduler
	· Vulnerable to channel error
· Inefficient to support dynamic link adaptation

	Dynamic backhauling
	· Scheduling flexibility 

· Robust to channel variation and error recovery
	· More complex

· Additional burden to design a new control channel for RNs


2.3 Further considerations
· Control channel structure in both DL/UL backhaul links related with HARQ, CQI report, scheduling request, etc

· Traffic composition: DL/UL traffic of a RN will be composed of multiple data streams for its subordinate UEs. Therefore, in which layer an eNB (in case of DL traffic) or a RN (in case of UL traffic) aggregates the multiple data streams can be an issue. (E.g. aggregation in a higher layer with joint coding with a common CRC attachment for the aggregated traffic vs. separate coding with separate CRC attachment per each data stream or sub-grouping according to the traffic type, QoS, etc.). Considering the relay types, i.e. forwarding point on U-plane and available C-plane functionality at RNs, the layer on which the data streams for each UE are aggregated/multiplexed and corresponding advantages/disadvantages should be discussed. A new structure may need to be introduced for backhaul link for efficient traffic composition and control.
· HARQ operation: Depending on the backhaul subframe pattern, backhauling structure and traffic composition method, we need to consider which HARQ mode (synch. vs. asynch. and adaptive vs. non-adaptive) can be applied for backhaul communication. Moreover, relevant to the traffic composition, it should be also investigated which one is more appropriate between multiple HARQ processes (e.g. one per a data stream or a sub-group) and a single HARQ process for the backhaul traffic in a backhaul subframe considering control signalling overhead, availability to satisfy various QoS requirement, etc.
3 Conclusion

We proposed two types of resource allocation schemes for backhaul link; Semi-static resource allocation, dynamic resource allocation scheme. And as a modified form of dynamic resource allocation scheme, we also described a semi-dynamic resource allocation scheme. In addition further considerations were pointed out as an initial step for backhauling structure.
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