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Introduction
Recently, in RAN3 #112-e, and subsequenctly in RAN #92-e, the topic of SON/MDT for NR-U has been allocated some time units, and as a result opened for general discussion.
In RAN3 #112-e there were four contributions [1], [2], [3], [4] on the topic of SON/MDT Optimization for NR-U, which were the subject of offline discussion summarized in [5].  That offline discussion, however, was limited to a poll of which sub-topic was most relevant.  The result of the poll was that load balancing and failure events (such as LBT related) were the most important sub-topics.
This contribution proposes enhancements to existing procedures to request and report load information specific to NR-U.
Discussion
Load information
Requesting the measurement of load information
Contribution R3-212267 of RAN3 #112e [3] proposed “to discuss the topic of MLB for NR-U and to find solutions that lead to knowledge of resource availability for an NR-U channel”.
As a result we make the following proposal related to requesting the measurement of unlicensed channel load information, by modifying the RESOURCE STATUS REQUEST and RESOURCE STATUS UPDATE messages of the Xn Application Protocol (TS 38.423 [6])  and F1 Application Protocol (TS 38.473 [7]).
Proposal 1: Add a bit in the “Report Characteristics” IE of the Xn and F1 messages RESOURCE STATUS REQUEST to indicate a request for “Unlicensed channel availability”
RESOURCE STATUS REQUEST
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics
description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	NG-RAN node1 Measument ID
	M
	
	INTEGER(1..4095,…)
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID
	C-ifRegistrationRequestStopor Add
	
	INTEGER(1..4095,…)
	Allocated by NG-RAN node2
	YES
	ignore

	Registration Request
	M
	
	ENUMERATED(start, stop, add, …)
	Type of request for which the resource status is required
	YES
	reject

	Report Characteristics
	C-ifRegistrationRequestStart
	
	BITSTRING(SIZE(32))
	Each position in the bitmap indicates a measurement object the NG-RAN node2 is requested to report.
First bit = PRB Periodic,
Second bit = TNL Capacity Ind Periodic,
Third bit = Composite Available Capacity Periodic,
Fourth bit = Number of Active UEs,
Fifth Bit = RRC connections,
Sixth Bit = Unlicensed Channel Load
Other bits shall be ignored by the NG-RAN node2
	YES
	reject

	All following information elements of the message remain unchanged.



Measuring and reporting the load information
Contribution R3-211731 of RAN3 #112e [1] brought up the issue of reporting the load, and made the proposal that the load of a channel should be split into 3 categories:
1. The channel is free, i.e., the measured RSSI by the cell is below the threshold.
2. The channel is used by the node or one of the served UE: during this time, the cell or a served UE is transmitting.  This can be UL or DL.
3. The channel is used by neighbor UE or Node, i.e., the measured RSSI is above the threshold.
The amount of time that a gNB or one of its served UE are using the channel is known exactly by the gNB.  The other two measurements have to be estimated based on sampling of the channel condition. 
Proposal 2: The % of time the unlicensed channel is used by the gNB or one of the served UE (category 2 above) is calculated by the amount of time the node or one of the served UE used the channel, in relation to the amount of time since the last report, or if this is the first report, since the start of the measurement.
Proposal 3: The % of time the unlicensed channel is used by neighbor UE or nodes (category 3 above) is estimated as the % samples the measured RSSI is above the threshold, when compared to the total number of samples taken since the last report, or if this is the first report, since the start of the measurement.
As pointed in [1], it is only necessary to report the above two quantities, since the remaining category1 % is equal to (1- category2% - category3%).
Also, as proposed in [1], the unlicensed spectrum load information is reported per channel of 20 MHz.
Therefore a new information element is needed on the RESOURCE STATUS UPDATE messages of the Xn Application Protocol (TS 38.423 [6])  and F1 Application Protocol (TS 38.473 [7]).
Proposal 4: Add a new IE “Unlicensed channel load” to the Xn and F1 messages RESOURCE STATUS UPDATE to report the result of unlicensed channel load measurements.


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

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	NG-RAN node1 Measument ID
	M
	
	INTEGER(1..4095,…)
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID
	M
	
	INTEGER(1..4095,…)
	Allocated by NG-RAN node2
	YES
	reject

	Cell Measurement Result
	
	1
	
	
	YES
	ignore

	  >Cell Measurement Result Item
	
	1 .. <maxnoofCellsinNG-RANnode>
	
	
	YES
	Ignore

	    >>Cell ID
	M
	
	Global NG-RAN Cell Identity 9.2.2.27
	
	-
	

	    >>Radio Resource Status
	O
	
	9.2.2.50
	
	-
	

	    >>TNL Capacity Indicator
	O
	
	9.2.2.49
	
	-
	

	    >>Composite Available Capacity Group
	O
	
	9.2.2.51
	
	-
	

	    >>SliceAvailable Capacity
	O
	
	9.2.2.55
	
	-
	

	    >>Number of Active UEs
	O
	
	9.2.2.62
	
	-
	

	    >>RRC Connections
	O
	
	9.2.2.56
	
	-
	

	    >>Unlicensed Channel Load List
	
	0..1
	
	
	
	

	       >>>Unlicensed Channel Load Item
	M
	1..<maxNoofChannels>
	
	
	
	

	        >>>> Unlicensed Channel Number
	M
	INTEGER (1..maxNoofChannels)
	
	
	
	

	        >>>>Load Used by this Node and served UEs
	M
	INTEGER(0..100)
	
	The % of time the channel is used by this node or its served UEs in this measuring period.
	
	

	      >>>>Load used by other Nodes and their UEs
	M
	INTEGER(0..100)
	
	The % of time the channel is used by other nodes or their UEs in this measuring period.
	
	



Type of Cell Resource and Number of Active UEs with LBT mode information
Contribution R3-212581 in RAN3 #112-e [4], stated in its proposal 2: “Exchange type of the cell resource and the Number of Active UEs with LBT mode information is needed to be taken into account for Load Balancing Enhancements and Inter-System Load Balancing”.
[bookmark: _GoBack]In regards to “type of the cell resource”, it is not clear to us what that means.  Was it intended to mean the type of deployment?  And if so, why would that be relevant?  What types of cell resource this refers to?
In regards to “Number of Active UEs with LBT mode information”, it is not clear if that means
1. the number of active UEs operating in load based equipment (LBE) mode or frame based equipment (FBE) mode, or
2. the number of UEs that performed LBT during that period of reporting, or 
3. the type / category of LBT and/or channel access priorities as defined in [8].  
Regarding the 1st possible interpretation, all equipment operating in a channel should be of the same type, so reporting this would be equivalent to reporting the “Number of Active UEs”, which is already reported in the existing message RESOURCE STATUS UPDATE.
Regarding the 2nd possible interpretation, that is, the number of active UEs that performed some form of LBT in the reporting period, that is unnecessary since the reporting of the percentage of time used by the node or one of the served UEs, discussed in section 2.1.2 above, would already reflect the load caused by those UEs.
Regarding the 3rd possible interpretation, where “LBT mode information” possibly refers to the different types / categories of LBT and/or channel access priorities as defined in [8] section 4.2.1 table 4.2.1-1, which reflect different amounts of time that the channel can be eventually occupied, that seems to us to be a second level of detail, which in any case is also already reflected in the measurement of percentage of time used by the node or one of the served UEs, discussed in section 2.1.2 above.
As a result of the above discussion, we make
Proposal 5: “Number of Active UEs with LBT mode information” is not required for NR-U load information.
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