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1 Introduction
There have been a number of contributions regarding backhauling schemes between an eNB and a RN especially for in-band relaying. Most of them are focused on high level description such as resource multiplexing between backhaul link and access link, subframe usage at the DL/UL backhaul link, support of backward compatibility for LTE Rel-8 UEs, 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 several examples of backhaul resource allocation and its relevant control channel design candidates. 
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 a legacy LTE 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 the RN 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). When considering the restricted situation of control channel design at backhaul downlink, relying on the legacy LTE PDCCH for resource allocation indication to RNs may not always become 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. Also, 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 volume would not substantially vary due to statistical multiplexing among different UEs over time, one possible 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 backhaul link. The shared channel resources in a backhaul subframe (i.e. predefined backhaul resource for a RN) is semi-persistently scheduled for each RN, and in order to adjust the resource allocation and configuration, high layer signalling which can be initiated by both eNB or relay is used .

In a predefined backhaul resource for a RN, control channel which may carry L1/L2 control information (e.g. HARQ ACK/NACK, CQI/PMI feedback, etc. Scheduling grant may be included if necessary) for a RN, can be multiplexed as TDM or FDM or TDM/FDM with backhaul data as shown in Fig. 2 or the control information can be piggybacked on backhaul data and jointly encoded/modulated.

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 semi-static resource reservation. However, it should be carefully investigated that the possible issues on the backhaul link management and error recovery due to semi-static resource allocation.
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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. 
Control channel structure for RNs 
To support dynamic resource allocation, a new physical control channel to RNs (R-PDCCH from now on) which carries scheduling grant and other control informations should be designed to be readable in RNs. In addition to that, this physical control channel design should be backward compatible considering downlink shared channel transmission of macro eNB to legacy LTE Rel-8 UEs. 

Option 1: FDM multiplexing

As a straightforward way to allocate the resource for R-PDCCH without impact to macro UEs, it can be transmitted using one or more RBs on PDSCH region as shown in Fig. 3. In other words R-PDCCH can be multiplexed with backhaul data for RNs in frequency domain. FDM multiplexing between R-PDCCH and backhaul data for RNs is a simple way to allocate a region for R-PDCCH transmission without impact on macro UEs and guarantees full flexibility on scheduling backhaul link and access link data at a macro eNB without any limitation. However, FDM multiplexing may induce increased data decoding latency at RNs since RNs can decode backhaul data after receiving the CCH over the entire subframe. 
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Fig. 3. R-PDCCH allocation for RNs; FDM with backhaul data

Option 2: TDM multiplexing

As another way to allocate R-PDCCH resources for RNs, it can be multiplexed with backhaul data in time domain. In this case, eNB needs to predefine portion of the DL resource as a relay zone which is used for backhaul transmission to RNs to keep backward compatibility for macro UEs as shown in Fig. 4. Within the relay zone, R-PDCCH and backhaul data can be multiplexed in time domain such a manner as legacy LTE PDCCH and LTE PDSCH are multiplexed. Relay zone for R-PDCCH and backhaul data transmission can be configured by high layer signalling with semi-persistent manner. In this scenario, by spreading the R-PDCCH allocation over frequency domain, frequency diversity can be achieved when decoding control information by RNs and processing time for backhaul data reception at each RN can be reduced comparing with FDM manner mentioned above. However, the semi-persistent feature in allocating the relay zone induces limitation on scheduling flexibility and corresponding efficient usage of radio resource at eNB as shown in Fig. 4. 
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Fig. 4. R-PDCCH allocation for RNs; TDM with backhaul data (semi-persistent relay zone)

To mitigate limitation on scheduling flexibility mention above and improve the frequency selective scheduling gain, we can think of dynamic allocation of relay zone. In this scenario, the whole band is subdivided into multiple partitions, and one of which is composed of a group of RBs. A partition can be used either for PDSCH transmission to macro UEs or backhaul transmission to RNs. Within a partition R-PDCCH for RNs and backhaul data are multiplexed in time domain when the frequency resource partition is used for backhaul transmission to RNs as shown in Fig.5. By adjusting the number of partitions used for backhaul transmission to RNs, an eNB enables to allocate relay zone dynamically compared with the semi-persistent allocation. A RN can be informed whether a partition is used for relay zone or PDSCH transmission to macro UEs by signalling from eNB (e.g. bitmap indication) or it can perform a blind search of each partition. Detailed signalling method for indicating the relay zone is FFS. 
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Fig. 5. R-PDCCH allocation for RNs; TDM with backhaul data (dynamic relay zone)

Option 3: FDM/TDM multiplexing

Predefining a region for R-PDCCH for all RNs in a macro cell can be a simple method as described above, however considering the RN traffic will be at every backhaul subframe it might be an overhead for a RN to perform full searching of the R-PDCCH. Assuming slow varying channel condition and appropriate RN-specific CCH resource allocation by high layer, non-blind decoding approaches for the dynamic backhaul resource allocation can be considered.  Therefore, as a third option we can design a RN specific CCH allocation in FDM/TDM manner as shown in Fig.6. 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. PRB will be allocated using the best frequency band to each RN and it can be changed by high layer signalling. 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 RN specific CCH which is multiplexed with backhaul data in time domain within the PBR.

[image: image6.emf]#0 #1 #2 #3 #4 #5 #6 #7 #8 #9 #0

subframe 1ms

10ms eNB radio frame

…

P

D

C

C

H

 

t

o

 

m

a

c

r

o

 

U

E

s

PDSCH to macro UEs

Primary backhaul resource for RN1

PDSCH to macro UEs

Primary backhaul resource for RN2

Primary backhaul resource for RN3

Guard time

PDSCH to macro UEs

Secondary backhaul resource for RN1

Secondary backhaul resource for RN2

Secondary backhaul resource for RN3

Additional backhaul data to RN2 

(indicated by RN2 specific CCH in primary backhaul 

resource)

RN2 

specific 

CCH

Backhaul data to RN2

 
Fig. 6. RN specific CCH allocation for each RN; FDM/TDM with backhaul data
Dynamic backhauling enables flexible scheduling between macro UEs and RNs, and efficiently support various QoS classes. However, it is more complex compared 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 different QoS classes

	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 backhauling 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 protocol 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.)

· 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.

3 Conclusion

We proposed two types of resource allocation schemes for backhaul link; Semi-static resource allocation and dynamic resource allocation scheme. Related to the resource allocation method for backhaul link, we also described control channel structures for RNs considering impact to the macro UEs. In addition, further considerations were pointed out as an initial step for backhauling structure.
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