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1. 
Introduction

In past contribution R3-102367 [1], a possible issue about Mobility Load Balancing (MLB) and resource status reporting was brought up for discussion. The issue regards the missing information at the relay side to correctly evaluate the S1 TNL Load Indicator and Composite Available Capacity Group, as summarized in [1]:
“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.”
This paper further looks at the issue and proposes a possible solution to make MLB also working properly with relays.

2
Discussion
According to the current relay architecture, Resource Status Update messages on X2-AP [2] (on which MLB relies upon) exchanged by relays with neighbor eNBs are proxied by the DeNB. The DeNB is therefore in the position to facilitate the correct propagation of the resource status of the relays attached to it, as it has the best knowledge about the wireless backhaul link status and also could potentially intercept the X2-AP messages involving the relays.
In particular the relay can include in the Resource Status Update message the indicators based on the available knowledge at its end, while the DeNB can intercept the message through its proxy function and update its content before forwarding to the destination neighbor eNB. 
Some examples can further clarify how this could possibly work:
· Out of the four parameters used to describe the resource status of a eNB for MLB [1,2], the relay can correctly estimate the HW Load Indicator and the Radio Resource Status and include the values in the Resource Status Update message 

· On the other hand, following the analysis in [1], the RN cannot correctly estimate the S1 TNL Load Indicator based on its own knowledge. The value could be therefore be filled with minimum value (or left out) and it will be the DeNB to update the value to the correct estimate. In fact the DeNB has all the required knowledge to assess the current resource status of the backhaul link to the corresponding relay. 
· For the case of the Composite Available Capacity Group, the relay has full knowledge of the status of some of the resources like UL loading and DL loading, while it is missing knowledge about the backhaul. It can therefore compile the known part and leaves to the DeNB the adjustment of the remaining factors. 

· So for example assuming to report the Capacity Value IE corresponding to the strictest of the constraints between UL load, DL load and backhaul load, the relay can make the calculation just considering the first two values and do not include the backhaul in the estimate. The DeNB can eventually update the Capacity Value IE to a lower value (less capacity available) if the backhaul points to further restrictions, or leave it as it is if the other way around.  

Looking at the analysis and examples, it seems possible to make the MLB working also in case of relays, with the involvement of the DeNB and based on existing messages.
Conclusion 1: In case of relay, MLB can properly work with existing X2-AP messages by allowing the DeNB to update the Resource Status parameter values reported by the relay under its control and involving the estimate of the backhaul wireless link resources. 

3.
Conclusions

Based on the above analysis we propose the following agreement to RAN3: 
Proposal 1: It should be allowed for the DeNB to update the values of the backhaul related parameters reported by the relays under its control in the Resources Status Update message before proxy the message(s) to the destination eNB(s).
In case the proposal is agreed, Qualcomm is happy to provide the corresponding CR. A text proposal for a CR is included in the appendix.
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4.7.4
S1 and X2 control plane aspects

The S1 control plane protocol stacks for supporting relaying are shown in 4.7.4-1. There is one S1 interface relation between the RN and the DeNB, and there is one S1 interface relation between the DeNB and each MME in the MME pool. The DeNB processes and forwards all S1 messages between the RN and the MMEs for all UE-dedicated procedures. The processing of S1-AP messages includes modifying S1-AP UE IDs and GTP TEIDs but leaves other parts of the message unchanged. All non-UE-dedicated procedures are handled locally between the RN and the DeNB, and between the DeNB and the MMEs.

The X2 control plane protocol stacks for supporting relaying are shown in 4.7.4-2. There is one X2 interface relation between the RN and the DeNB, and there is one X2 interface relation between the DeNB and every other eNB that the DeNB has an X2 relationship with. The DeNB processes and forwards all X2 messages between the RN and other eNBs for all UE-dedicated procedures. The processing of X2-AP messages includes modifying X2-AP UE IDs and GTP TEIDs but leaves other parts of the message unchanged.

All non-UE-dedicated X2-AP procedures are terminated at the DeNB, and handled locally between the RN and the DeNB, and between the DeNB and other eNBs. Upon reception of an X2 non cell related non-UE-associated message from RN or neighbour eNB, the DeNB may trigger associated non-UE-dedicated X2-AP procedure(s) to the neighbour eNB(s) or RN(s). Upon reception of an X2 cell related non-UE-dedicated message from RN or neighbour eNB, the DeNB may pass associated information to the neighbour eNB or RN(s) based on the included cell information. If one or more RN(s) are involved, the DeNB may wait and aggregate the response messages from all involved nodes to respond to the originating node. Further, parallel Cell Activation procedures are not allowed on each X2 interface instance. The processing of Resource Status Reporting Initiation/ Resource Status Reporting messages includes modification of measurement ID and may include modification of the reported values by the DeNB for resource indicators depending on RN backhaul resources.
The S1 and X2 interface signalling packets are mapped to radio bearers over the Un interface.
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Figure 4.7.4-1: S1 control plane protocol stack for supporting RNs
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Figure 4.7.4-2: X2 control plane protocol stack for supporting RNs
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