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1 Introduction

There have been a number of different proposals for using the Node Relay (NR) for providing self backhaul to an eNB-A. This concept is further explored for the case when the NR is itself similar in deployment scenario to an eNB-A. In this case it is discussed that there is a further mode of UL/ DL frequency band usage that should be considered in addition to those discussed in [1].
This is a resubmission of R1-083872
2 Self Backhaul
It is recognised that measures to reduce the cost of network deployment are highly desirable and LTE Advanced is considering the use of relay technology to achieve that aim whilst also providing improved performance. One further important related aspect already considered [2-3] is to provide a self backhaul capability for an eNB-A, thereby reducing the significant cost impact of providing backhaul for each individual eNB-A in the network.  

In the scenario discussed here it might be considered that there are two classifications of eNB-A. The first eNB-A is provided with backhaul via conventional means whilst the second eNB-A has no such backhaul provision and obtains its backhaul via the first eNB-A, however the second eNB-A may otherwise be deployed as an entirely conventional 3 sector site. The second eNB-A may also be considered to as a subset of an L2 Relay Node. 
It is evident that such a scenario may be extended to a multi-hop configuration such that backhaul is provided to a further eNB-A. However in this latter case the available backhaul capacity to any one node will be reduced as a consequence. These scenarios are illustrated in Figure. 1.
Figure 1 Self Backhaul Scenario 
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In such a scenario it is desirable that the self-backhaul link should deliver very high spectral efficiency such that the access capacity of the eNB-As are not unduly penalised by the need to allocate excessive radio resource to the provision of the self-backhaul function. Furthermore as the eNB-As might be mounted on elevated tower or roof locations it is essential that any interference impacting the wider RAN, resulting from such provision is minimised, particularly within the UL band, this aspect is FFS. It should also be considered that in order to realise the original goal of achieving a low cost implementation it is desirable that the eNB-A is constrained to avoid simultaneous Tx and Rx on the same UL carrier or on the same DL carrier. Furthermore in order to reduce complexity it may also be considered desirable to restrict the eNB-A to Tx or Rx on only one DL or UL carrier at any time.

Taking the above considerations in mind there are 2 primary options to consider for addressing the spectrum utilisation in this scenario:
· Reverse or spectrum swapping FDD  - one eNB-A can Tx in the UL band for self backhaul
· TDD on the DL -  Both self backhaul link directions use the FDD DL band
 These options are further discussed below.   
3 Frequency Band Usage
The reverse FDD solution is shown in Figure 2, in this case the UEs always use the UL and DL bands in a conventional manner, however one eNB-A reverses its conventional band usage during slots allocated to backhaul. 
[image: image1]Figure 2 Self Backhaul Using Reverse FDD Scheme

This scheme has the advantage that both UL and DL bands are used for self backhaul but does require Tx and Rx frequency agility at the first node. It is also evident that there is an equivalent scheme where frequency agility is provided at the second node instead of the first. The disadvantage with this type of scheme is that there is a risk that the backhaul Tx from the first node in the conventional UL band at F2 will cause detrimental interference to the UE UL in other parts of the network. If a further eNB-A is added to form a 2 hop network then either the second or third node will also require frequency agility in addition to the first node.
The second scheme is illustrated in Figure 3, as before all UEs always uses the UL and DL bands in a conventional manner. However in this case self backhaul is constrained to employing the DL band at F1. Each eNB-A is now required to have the capability to switch Rx between the UL and DL bands but Tx is always constrained to the DL band.  
[image: image2.png]


Figure 3 Self Backhaul using TDD mode in DL Band

The advantage with this scheme is that no transmit agility is required at the eNB-A. Furthermore as these nodes only Tx in the DL band there is no risk of additional UL interference to other parts of the network. This approach has the further advantage that the self backhaul may be readily extended to encompass additional hops.

4 Conclusion 
The self backhaul scenario has been further elaborated and frequency band usage options discussed. It is concluded that the introduction of a TDD mode in the normal DL frequency band has several attractions for self backhaul.
5 Proposed Text for TR 36.814

In the current version of TR 36.814 [4], Section 9.1.1 describes the resource partitioning for the backhaul (relay-eNB) link for the use of FDD in the backhaul link of a FDD system, and TDD in the backhaul link of a TDD system. The following text changes are proposed to include the use of TDD for the backhaul link of a FDD system. 
---------------------------------------------------------------------------------------------------------


9.1.1
Resource partitioning for relay-eNodeB link

In order to allow inband backhauling of the relay traffic on the relay-eNodeB link, some resources in the time-frequency space are set aside for this link and cannot be used for the access link on the respective node. At least the following scheme will be supported for this resource partitioning:

· General principle for resource partitioning at the relay:

· eNB → RN and RN → UE links are time division multiplexed in a single frequency band (only one is active at any time)

· RN → eNB and UE → RN links are time division multiplexed in a single frequency band (only one is active at any time)

Multiplexing of backhaul links in FDD:
Scenario 1:
· eNB → RN transmissions are done in the DL frequency band

· RN → eNB transmissions are done in the UL frequency band
Scenario 2:
· eNB → RN transmissions are done in the DL frequency band

· RN → eNB transmissions are done in the DL frequency band
Multiplexing of backhaul links in TDD:

· eNB → RN transmissions are done in the DL subframes of the eNB and RN 

· RN → eNB transmissions are done in the UL subframes of the eNB and RN
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