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1 Introduction

The Mobile Load Balancing (MLB) is one of the most important SON features defined in Rel-9 for load balancing between eNBs [TS36.423]. MLB relies on resource status exchange between neighbours, by the X2 message RESOURCE STATUS UPDATE. Resource status of neighbours is used by a eNB to judge whether MLB should be executed. If yes, mobility parameters to this neighbour will be changed to adapt the triggering of UEs HOs between them. 

So far, four MLB parameters are defined to describe the resource status of one eNB in [TS36.423],
· Hardware Load Indicator, which indicates the status of the Hardware Load experienced by the cell;

· Radio Resource Status, which indicates the usage of the PRBs in Downlink and Uplink of the cell;

· S1 TNL Load Indicator, which indicates the status of the S1 Transport Network Load experienced by the cell;

· Composite Available Capacity Group, which indicates the overall available resource level in the cell in Downlink and Uplink.
2 Discussion

To support MLB also in relay deployment, the straight forward solution is that RN works as an eNB to exchange resource status with its neighbors via already defined X2 message of RESOURCE STATUS UPDATE. It is expected that the MLB solution can be re-used also in relay deployment without enhancements or modification. However, the analysis in the following will show that current MLB solution might need to be enhanced in some scenarios.

With the concept of MLB, the resource status of eNB’s backhaul is one of the most important inputs to the calculation of S1 TNL Load Indicator and Composite Available Capacity Group at the eNB. The calculation is straight forward for an eNB because the eNB has the control and the knowledge about the eNB’s backhaul utilization. But with Relay deployment the control over the DeNB-RN link is located at the DeNB and not at the RN. Therefore the RN does not know about the unused resources that are available for the RN’s dedicated Un backhaul link. It can be argued that activating MLB between RN and DeNB and using the information provided by the RESOURCE STATUS UPDATE message from DeNB can be used to deduce the required information at the RN. However, if only based on the existing RESOURCE STATUS UPDATE message from DeNB, the resource status of the RN’s wireless backhaul link may not be deductable by the RN in some scenarios: 

· With Type-1 Relay, the available resource indicated by RESOURCE STATUS UPDATE sent by the DeNB is the description of DeNB-UE link but not DeNB-RN link because the DeNB-UE link can be scheduled in all sub-frames and PRBs while the scheduling of the DeNB-RN link is limited to use the sub-frames assigned to the Un interface, because they need to be configured as MBSFN sub-frames at the RN. In this case the RN can not deduce the resource status of its wireless backhaul link just based on RESOURCE STATUS UPDATE from the DeNB. 

· With Type-1b and Type-1a Relay, all sub-frames can be used to multiplex the DeNB-UE and DeNB-RN links because the RN-UE link operates on a different carrier (Type 1a) or the isolation between DeNB-RN and RN-UE links is enough that the TD multiplexing is not needed among them (Type 1b). In this case, RN can induce the resource status of its wireless backhaul link based on X2 message of RESOURCE STATUS UPDATE from the DeNB. 
However, it is worth noting that, in real network implementation, operator may also configure a resource division policy at the DeNB to limit the resources assigned for wireless backhauling, e.g. up to 30% resource can be allocated to DeNB-RN link. If this policy is configured at the DeNB, the RN cannot induce the resource status of its wireless backhaul link just based on MLB parameters from the DeNB, since it describes the resource status of DeNB-UE link, but not the available resource for the DeNB-RN link to reach maximum threshold configured. 
If resource status of DeNB-RN link is missing at the RN, RN cannot calculate the S1 TNL Load Indicator and Composite Available Capacity Group, since resource status of the wireless backhaul is one of important inputs for the calculation of these two parameters. If RN can not calculate the above MLB parameters, the MLB between RN and its neighbors can not properly work. 

In Relay deployment, it is seen that DeNB has the best knowledge about resource status of the wireless backhaul link. How to take advantage of above DeNB's knowledge to facilitate the calculation of MLB parameters of the RN may need further study.

3 Solution

In ‎[2] a solution was proposed were the RN includes in the RESOURCE STATUS UPDATE message the parameters based on the available knowledge at its end, while the DeNB can intercept the message through its proxy function and update its content (S1 TNL Load Indicator and Composite Available Capacity Group) before forwarding it to the destination neighbor eNB.

This solution can work but the resource status update procedure is not optimal because the DeNB is not aware how the RN computes the Composite Available Capacity Group (it is a combination of several parameters and how the RN weight them is not known at the DeNB) because it is vendor specific, hence the DeNB does not know how to properly decrease the value on the basis of the backhaul load.

A more optimal solution is that the DeNB makes the current backhaul load available at the RN and then the RN has all necessary information to compute the Composite Available Capacity Group. This can be done adding an extra value into the RESOURCE STATUS UPDATE message sent from the DeNB to the RN but this would require impact to the X2 specifications. An alternative solution is that the DeNB includes the minimum between the S1 TNL load and the backhaul load into its own RESOURCE STATUS UPDATE message sent to the RN (into the field S1 TNL Load Indicator), this does not have impact to the X2 specifications and allows the RN to compute the Composite Available Capacity.

The proposed procedure can work as follows and shown in Figure 1:

· a neighbor eNB sends RESOURCE STATUS REQUEST to RN via DeNB

· DeNB forwards it to the RN and adds an RESOURCE STATUS UPDATE with own information, like the minimum between the S1 TNL load and backhaul load (in the following figure this is obtained by the RN starting a resource status update procedure with the DeNB but the DeNB could also send the RESOURCE STATUS UPDATE unsolicited)
· RN uses the info and replies to the neighbour eNB with full report in the RESOURCE STATUS UPDATE

· later, DeNB provides RESOURCE STATUS UPDATE to the RN with the same periodicity that was requested by the neighbour such that the RN can send the RESOURCE STATUS UPDATE
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Blue color shows the message flow between eNB and RN .

Green color shows the message flow between RN and DeNB to provide TNL 

information to the RN.

Note that messages with dashed arrow may be optional


Figure 1: Resource status update procedure between RN and neighbour eNB.

4 Conclusion

In this document we discussed issues of Mobile Load Balancing for Relay and gave the following proposal:

Proposal: The DeNB communicates the backhaul load to the RN using the S1 TNL Load Indicator in its own RESOURCE STATUS UPDATE, then the RN generates the report to the neighbour eNB,
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