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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]As per practical LTE network, load balancing between eNBs is one of the most important features that have been utilized to improve the network performance. Nevertheless, it is found in the live network that existing IEs exchanged over X2 is not sufficient to reflect the load status of the cells. In this contribution, we first analyze this insufficiency and propose to introduce two additional IEs to enable high performing load balancing.  Corresponding CRs to Rel-13 and Rel-14 are given in separate documents.
Discussion
During cellular network planning, operators design their networks based on traffic estimates. As network evolves, the matching between the spatial distribution of traffic demand and network resources becomes looser. Uneven load distribution is observed in the live network, especially for multi-frequency multi-layer deployment in the same coverage. It is common that some cells/eNBs accommodate high load and suffer from severe congestion problems, whereas their adjacent cells/eNBs are underutilized.

In this situation, load balancing is an effective technique to redistribute the traffic load and, hence, to improve network performance. A typical procedure for load balancing is illustrated in Figure 1, where load information exchanging between cells/eNBs is a critical step.
1) The serving cell first evaluates the current load status of the cell, if identified with “overload”, load balancing is triggered
2) Load information is exchanged between the serving cell and adjacent cells, based on which the target cell identifies the target cell to offload some users to.
3) The suitable users are selected and transferred from the serving cell to the target cell via HO procedure



Figure 1 Load balance procedure


Insufficiency of existing IEs in X2 for load balancing
To enable inter-vendor operability, current X2-AP specification has defined the radio resources status that will be exchanged between eNBs via Resource Status Reporting Initiation and Resource Status Reporting elementary procedures [1], as shown in Figure 2,


[bookmark: _MON_1473064233]       
Figure 2 Resource Status Reporting Initiation and Resource Status Reporting EP
[bookmark: OLE_LINK1][bookmark: OLE_LINK6]The procedure is initiated with a RESOURCE STATUS REQUEST message sent from eNB1 to eNB2. This massage carries Report characteristics IE which indicates the type of objects eNB2 shall perform measurements on. This IE is a BITSTRING with size of 32 and each position in the bitmap indicates measurement object the eNB2 is requested to report. Currently, the specification has defined the first 7 bits as below,
· first Bit = PRB Periodic
· Second Bit = TNL load Ind Periodic,
· Third Bit = HW Load Ind Periodic, 
· Fourth Bit = Composite Available Capacity（CAC） Periodic,
· Fifth Bit = ABS Status Periodic, 
· Sixth Bit = RSRP Measurement Report Periodic
· Seventh Bit = CSI Report Periodic.
 
If the first bit, “PRB Periodic” of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1, the eNB2 shall include in the RESOURCE STATUS UPDATE message the Radio Resource Status IE. This Radio Resource Status IE reflects the radio resource usage in the target eNBs and corresponds to the load information exchanging highlighted in Figure 1. As per TS 36.423, Radio Resource Status IE includes six IEs, as shown in Table I.
Table I: Current definition of Radio Resource Status IE
	IE
	IE/Group Name
	Presence
	IE type and reference

	Radio Resource Status
	DL GBR PRB usage
	M
	INTEGER (0..100)

	
	UL GBR PRB usage
	M
	INTEGER (0..100)

	
	DL non-GBR PRB usage
	M
	INTEGER (0..100)

	
	UL non-GBR PRB usage
	M
	INTEGER (0..100)

	
	DL Total PRB usage
	M
	INTEGER (0..100)

	
	UL Total PRB usage
	M
	INTEGER (0..100)



[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The Radio Resource Status IE defined above only indicates the usage of the PRBs of data channels in downlink and uplink, which is found not sufficient to reflect the load status of the cells.  In the high capacity scenario, it is observed that the CCE resources for uplink scheduling in PDCCH channel first met constrains as user increases. Figure 3 illustrated the failure ratio of uplink CCE allocation versus the number of RRC connected users in the cell. As shown in the curve, the failure ratio of uplink CCE allocation in PDCCH control channel increases significantly as the number of RRC connected users increasing above 200.  In this case, a lot of users will lose the opportunity to transmit uplink data, thus perceives terrible user experience. This phenomenon is due to the fact that although the capacity of data channel was fairly improved by using 3D-MIMO techniques, whereas the control channel capacity was not improved accordingly, which makes the CCE for uplink scheduling in the PDCCH channel becomes the bottleneck.
To enable an efficient load balance, not only the PRB usage of data channel, but also the control channel usage should be exchanged between eNBs.
Observation 1: Existing PRB usage defined in the specification is not sufficient to reflect the load status of the cells
Observation 2: Control channel load status, especially the CCE usage for uplink scheduling in the PDCCH channel is a useful indicator to enable high performing load balancing  

Figure 3 Live measurement data: failure ratio of uplink CCE allocation versus No. of RRC connected users
Introducing new IEs in X2 for high performing load balancing
Considering the six elements defined in current Radio Resource Status IE have already been filled with corresponding stuffs in the main network vendors’ equipments, it is hard to incorporate in these IEs with additional control channel resource usage information. Therefore, it is proposed to add two additional IEs in the Radio Resource Status IE, as shown in Table II. The Two newly added IEs can be set optional and included whenever needed.
Table II: Proposed changes on the definition of Radio Resource Status IE
	IE
	IE/Group Name
	Presence
	IE type and reference

	Radio Resource Status
	DL GBR PRB usage
	M
	INTEGER (0..100)

	
	UL GBR PRB usage
	M
	INTEGER (0..100)

	
	DL non-GBR PRB usage
	M
	INTEGER (0..100)

	
	UL non-GBR PRB usage
	M
	INTEGER (0..100)

	
	DL Total PRB usage
	M
	INTEGER (0..100)

	
	UL Total PRB usage
	M
	INTEGER (0..100)

	
	DL scheduling PDCCH CCE usage
	O
	INTEGER (0..100)

	
	UL scheduling PDCCH CCE usage
	O
	INTEGER (0..100)



Corresponding CRs to Rel-13 and Rel-14 are given in separate documents [2][3].
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 1: Agree to add two additional PDCCH CCE usage related IEs in X2-AP to enable high performing load balancing
Proposal 2: Approve the CRs to Rel-13 and Rel-14 X2-AP specifications.
Conclusions
Observation 1: Existing PRB usage defined in the specification is not sufficient to reflect the load status of the cells
Observation 2: Control channel load status, especially the CCE usage for uplink scheduling in the PDCCH channel is a useful indicator to enable high performing load balancing  
Proposal 1: Agree to add two additional PDCCH CCE usage related IEs in X2-AP to enable high performing load balancing
Proposal 2: Approve the CRs to Rel-13 and Rel-14 X2-AP specifications
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