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1. Introduction
In last RAN3 meeting, MLB has been agreed as one of the RAN3 study focuses for RAN sharing enhancement SI [1]. Thus, in this paper, we would like further discuss MLB and then provide some solutions. 
2.  Scenario & solutions
In RAN sharing, different operators may have different resource sharing ratios between adjacent cells. In the example shown in the following table, both Cell1 and Cell2 support two operators: Operator 1 and Operator 2. The strict resource sharing between operators is applied in Cell1 so that Cell1 cannot accept the load of Operator 1 further, although the cell load is not high. In the current resource status reporting procedure, the load information is exchanged in terms of cell load rather than the load per operator. Thus, the load balancing algorithm would trigger the handover of Operator 1’s UEs from Cell 2 to Cell 1, which will be refused by Cell 1. 
	Cell
	Operators
	Allowed share
	Actual load
	Overall cell load

	Cell1
	Operator 1
	20%
	20%
	50%

	
	Operator 2
	80%
	30%
	

	Cell2
	Operator 1
	60%
	65%
	95%

	
	Operator 2
	40%
	30%
	


To resolve this issue, three solutions for the resource status reporting procedure enhancement are given as follows, and the potential specification impact for each solution is provided in Annex. 
Alt 1:  the resource status reporting procedure is differentiated by operator identification. Specifically, in the RESOURCE STATUS REQUEST message, the sending eNB requests the receiving eNB to measure the load of the indicated operator(s). In the RESOURCE STATUS UPDATE message, the receiving eNB indicates the load information for each operator in the request message.
Alt 2: the resource status reporting procedure is enhanced by indicating whether the eNB can accept the load of specific operator(s). Specifically, in the RESOURCE STATUS REQUEST message, the sending eNB requests the receiving eNB to evaluate whether it can accept the load of specific operator(s). In the RESOURCE STATUS UPDATE message, the receiving eNB indicates the operator(s) whose load can be accepted. 
Alt 3: the resource status reporting procedure is enhanced by indicating the available resource for specific operator(s) if the eNB can accept its load. Specifically, in the RESOURCE STATUS REQUEST message, the sending eNB requests the receiving eNB to provide the available resource of specific operator(s). In the RESOURCE STATUS UPDATE message, the receiving eNB indicates the available resource for the operator whose load can be accepted.
Proposal: RAN3 kindly considers the above solutions for MLB in RAN sharing.
3. Conclusion

This contribution analyzes the scenario for MLB in RAN sharing and proposes three solutions to enhance the current resource status reporting procedure. Thus, we propose 
Proposal: RAN3 kindly considers the above solutions for MLB in RAN sharing.
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Annex – Examples for the specification impact regarding to each solution
The possible message format for each solution is shown in the following.

Alt 1: the resource status reporting procedure is differentiated by operator identification.
RESOURCE STATUS REQUEST message:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	…

	Cell To Report
	
	1
	
	Cell ID list for which measurement is needed
	YES
	ignore

	>Cell To Report Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	
	–
	–

	   >>> PLMN To Report
	
	1..<maxnoofBPLMNs>
	
	
	–
	–

	   >>>> PLMN Identity
	O
	
	9.2.4
	
	–
	–

	 …


RESOURCE STATUS UPDATE message:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	…

	>Cell Measurement Result Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	
	
	

	…

	>> PLMN To Report Load
	
	1..<maxnoofBPLMNs>
	
	
	
	

	>>> PLMN Identity
	O
	
	9.2.4
	
	
	

	>>>Hardware Load Indicator
	O
	
	9.2.34
	
	
	

	>>>S1 TNL Load Indicator
	O
	
	9.2.35
	
	
	

	>>>Radio Resource Status
	O
	
	9.2.37
	
	
	

	>>>Composite Available Capacity Group
	O
	
	9.2.44
	
	YES
	ignore


Alt 2: the resource status reporting procedure is enhanced by indicating whether the eNB can accept the load of specific operator(s).
RESOURCE STATUS REQUEST message:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	…

	Cell To Report
	
	1
	
	Cell ID list for which measurement is needed
	YES
	ignore

	>Cell To Report Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	
	–
	–

	   >>> PLMN To Report 
	O
	
	BITSTING (SIZE(8))
	Each position in the bitmap indicates one PLMN ID. 

First bit corresponds to the first PLMN ID in the Broadcast PLMNs of Served Cell Information IE (Section 9.2.8). If the bit is set to 1, the eNB2 should indicate whether it can accept the load of the corresponding PLMN.    
	–
	–

	 …


RESOURCE STATUS UPDATE message:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	…

	>Cell Measurement Result Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	
	
	

	>>Hardware Load Indicator
	O
	
	9.2.34
	
	
	

	>>S1 TNL Load Indicator
	O
	
	9.2.35
	
	
	

	>>Radio Resource Status
	O
	
	9.2.37
	
	
	

	>>Composite Available Capacity Group
	O
	
	9.2.44
	
	YES
	ignore

	>>ABS Status
	O
	
	9.2.58
	
	YES
	ignore

	>> PLMN To Accept Load
	O
	
	BITSTING (SIZE(8))
	Each position in the bitmap indicates one PLMN ID. 

First bit corresponds to the first PLMN ID in the Broadcast PLMNs of Served Cell Information IE (Section 9.2.8). If the bit is set to 1, the eNB2 can accept the load of the corresponding PLMN.
	
	


Alt 3: the resource status reporting procedure is enhanced by indicating the available resource for specific operator(s) if the eNB can accept its load.
RESOURCE STATUS REQUEST message:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	…

	Cell To Report
	
	1
	
	Cell ID list for which measurement is needed
	YES
	ignore

	>Cell To Report Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	
	–
	–

	   >>> PLMN To Report Available Capacity
	O
	
	BITSTING (SIZE(8))
	Each position in the bitmap indicates one PLMN ID. 

First bit corresponds to the first PLMN ID in the Broadcast PLMNs of Served Cell Information IE (Section 9.2.8). If the bit is set to 1, the eNB2 should report the available capacity of the corresponding PLMN whose load can be accepted by eNB2.    
	–
	–

	 …


RESOURCE STATUS UPDATE message:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	…

	>Cell Measurement Result Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	
	
	

	>>Hardware Load Indicator
	O
	
	9.2.34
	
	
	

	>>S1 TNL Load Indicator
	O
	
	9.2.35
	
	
	

	>>Radio Resource Status
	O
	
	9.2.37
	
	
	

	>>Composite Available Capacity Group
	O
	
	9.2.44
	
	YES
	ignore

	>>ABS Status
	O
	
	9.2.58
	
	YES
	ignore

	>> PLMN With Available Capacity 
	
	1..<maxnoofBPLMNs>
	
	This IE only includes the available capacity for the PLMN whose load can be accepted by eNB2.
	
	

	>>> PLMN Identity
	O
	
	9.2.4
	
	
	

	>>> Composite Available capacity Group
	O
	
	9.2.44
	
	
	


For each solution, the format of each new IE in the message is further explained with an example: considering one cell of eNB2 supports PLMN1 to PLMN6, the eNB1 requests the resource information of PLMN2, PLMN3 and PLMN5, and eNB2 can only accept the load of PLMN3 and PLMN5. 
	
	Alt 1
	Alt 2
	Alt 3

	RESOURCE STATUS REQUEST message
	PLMN To Report IE includes the IDs for PLMN2, PLMN3 and PLMN5
	PLMN To Report IE includes a bitmap as “01101000”.
	PLMN To Report Available Capacity IE includes a bitmap as “01101000”.

	RESOURCE STATUS UPDATE message
	PLMN To Report Load IE includes the PLMN ID, Hardware Load Indicator, S1 TNL Load Indicator, Radio Resource Status and Composite Available Capacity Group for PLMN2, PLMN3 and PLMN5.
	PLMN To Accept Load IE includes a bitmap as “00101000”.
	PLMN With Available Capacity IE includes the available capacity for PLMN3 and PLMN5. 
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