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1
Introduction

Load balancing and load information exchange over the X2 interface has been discussed since LTE SI phase including UL and DL interference coordination. During the last RAN3 meeting round, RAN1 agreed that UL interference coordination scheme will count on cell-wide overload indicator exchange via X2 on a slow basis. As interference is one of the factors to contribute to the cell load, load information exchange discussion should cover interference coordination as well.
In this contribution, it is discussed the definition of load information which should be exchanged among the neighbour eNBs over X2 or some other interface and the actual procedure which conveys the load information.

2
Discussion
Load balancing discussion has been showing many different definitions of load information, i.e, interference, general load, (0-100%) available number of reference calls [2], etc. In this contribution, it is aimed to review the available definitions of the load, the usage of the load information and the mechanism to convey the information.
One of the typical usages of load information is load balancing and more specifically load information can be utilized to optimize HO threshold [3] or HO decision. In case the load is in terms of UL interference, the load information can be utilized for UL interference coodination as agreed in RAN1 (i.e, for UL power control). As the reaction in the receiving eNB is expected to be different, the reason of the load information shall be unambiguous in the message.
2.1
Definition of the Load Information

In that sense, as the characteristic of the user traffic doesn’t need to be symmetric, the load information should be defined separately for UL and DL.

Conclusion: Load information shall be defined for UL and DL separately.

As explained in [2], general load (0-100%) will not serve the purpose. With only general load information, the receiving eNB would not know how much actual resource is avaible and what caused the load situation. Thus receiving eNB will not know how to react to reduce the load situation in the source. Therefore, reporting the residual capacity as the load information sounds reasonable. However some problems were found to define the residual capacity as the number of reference VoIP calls. For instance, in case RT and non-RT traffics are mixed and all the capacities are filled with non-RT traffic, it is not easy to express the situation in terms of the number or reference VoIP call. i.e, Is the cell completely loaded or not? 

Conclusion: Load information shall be defined for RT and Non-RT separately. 
Also, as the capacity of VoIP call is very sensitive to the delay budget for the VoIP packet, the packet scheduling method (dynamic or semi-persistent) etc, in multi-vendor environment, the same number of the reference VoIP calls could be interpreted differently. Thus it may not be easy to utilize capacity of VoIP call as the general load information.
The definition of load should be more concrete and general, so that there shall not be any room to misinterprete the meaning of the load. One good candidate for this purpose would be to calculate the load in terms of the number of used (or unused) PRBs. As the size of PRB is always the same, there is no room to misinterprete the load information. In case used PRBs are used for load definition, the frequence band should be informed together so that the residual capacity can be calculated. This load information will be used for HO optimization or HO decision.
Conclusion: Load information shall be defined in terms of PRBs.
Another form of load is interference. As RAN1 agreed only on exchanging UL interference information, this contribution does not discuss DL interference. As in [1], RAN1 agreed on the cell-wide overload indicator exchange via X2 on a slow basis. Thus this overload indicator needs to be defined on X2. 
Conclusion: Load information shall be defined in terms of UL Interference.
2.2
Load Information Exchange Procedure
The load information can be transferred periodically, threshold based or piggy-backed in some other message. For the periodical transfer, measurement procedure is needed. For the threshold based transfer, Measurement procedure or Congestion Indication procedure can be used. Piggy-backing mechanism is cheapest as the procedure to transfer the load information is in any case needed. The same mechanism had defined in Rel5 to exchange the load information. 
Typically measurement procedure is initiated by source and target is supposed to report according to the request from the source while Congestion Indication is an indication from source to target without any request. Measurement procedure is more sophicated method as the source can decide the measurement type and measurement characteristics (periodic, threshod based or immediately). However, measurement procedure usually increases the amount the messages to process in eNB. And there is a tradoff between the freshness of the information and the amount of messages to exchange. 

Congestion Indication procedure seems to be needed because RAN1 requested that UL Congestion Indication procedure needs to be transferred via X2. This Congestion Indication procedure can be more general and can indicate different congestions in the source cell. i.e, Whether UL Interference, DL resource or UL resource is the reason of the congestion.
Regarding the load information exchange for the HO optimization, piggy-backing in HO message can already give a good guess of load situation of its neighbour cells. Especially as busy cells are expecting many HOs, it is expected that load information will be reasonably fresh. If the cell load is over a certain threshold, Congestion Indication will report to its neighbour cell. The purpose of sharing the load information among the neighbouring cell is to optimize the network performance. Thus sharing the information procedure shall be as light as possible because the network optimization procedure causing too much signalling cannot be justified. As Congestion Indication procedure and Piggy-backing can provide the load information in good level, measurement type of procedure is not seen necessary to distribute load information. 
Conclusion: Congestion Indication and Piggy-backing in HO messages will be used to distribute Load Information.
3
Summary and Conclusion

In this contribution, the definition of load, the purpose of the load information exchange and the procedure to share the load are discussed and the summary of conclusions is shown below.
Load Information delivered in HO Procedure


DL used PRBs for RT traffic during the fixed period with bandwidth (relative capacity)

UL used PRBs for RT traffic during the fixed period with bandwidth (relative capacity)
Note: Reporting NRT traffic load is FFS
Load Information delivered in Congestion Indication Procedure

DL used PRBs for RT traffic during the fixed period > threshold


UL used PRBs for RT traffic during the fixed period > threshold


UL Interference during the fixed period > threshold
4
Proposal

It is proposed to discuss the load definition and load exchange procedure in section 2. It is also proposed to agree on the conclusion and to capture it in the relavant TR. If RAN3 agrees on the conclusion, stage 3 works shall take into account the definition of load and the procedure described in this contribution.
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