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Introduction
In mobility or load balancing, the gNB will make decisions based on the information received from other gNBs (on the Xn-C interface) or from gNB-DUs (on F1-C Interface).

In this contribution we propose the Class 2 procedures for requesting and receiving the information, pre-processed for fast operation of gNB-internal algorithms.

Such preprocessing can compress the information, by providing instead of the measurements results in every subframe or PRB or sub-band, a statistical representation of these results.
Existing representation of the gNB-DU available resources

Let’s take an example on how the available capacity is reported in TS36.423 ‎[1] today, by looking at the IE named “Capacity value”.
9.2.47
Capacity Value

The Capacity Value IE indicates the amount of resources that are available relative to the total E-UTRAN resources. The capacity value should be measured and reported so that the minimum E-UTRAN resource usage of existing services is reserved according to implementation. The Capacity Value IE can be weighted according to the ratio of cell capacity class values, if available.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Capacity Value
	M
	
	INTEGER (0..100)
	Value 0 shall indicate no available capacity, and 100 shall indicate maximum available capacity . Capacity Value should be measured on a linear scale.
	-
	-


We observe the following:

· It is not specified if this capacity is the result of a single measurement or not; 

· It is not specified for how many antennas the available capacity is assessed;
· It is not specified for what transmission mode the capacity is assessed.
In these conditions is hard to assess what is the traffic amount which can be scheduled in these resources and match traffic with specified 5QI to the available resources. A better way is to get the statistical characteristics of the used resources and, based on additional information, as for example power thresholds, to match suitable 5QI traffic into these resources.
Conclusion 1:

It is NOT possible to assume that an algorithm for selecting the target DU in mobility/load balancing can match the UE PDU session traffic and 5QI requirements with the gNB-DU available capacity as reported in LTE.
Way forward

For allowing a better evaluation and coordination of traffic assignment to different cells by the CU, are needed more details on resource utilization. Such messages are proposed below.
Conclusion 2: it is needed to report the used resources while using statistical parameters, as proposed below.

Annex I: TP for TR 38.473

Start of Text Proposal for TR 38.473
Insert in Section 8.1, List of F1AP Elementary procedures, in TS 38.473:

Table 1 Class 1 Elementary Procedures over F1 Interface
	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	Resource Status Reporting Initiation
	RESOURCE STATUS REPORT REQUEST
	RESOURCE STATUS RESPONSE
	RESOURCE STATUS FAILURE


Table 2 Class 2 Elementary Procedures over F1 Interface
	Elementary Procedure
	Initiating Message

	DU-triggered measurement report
	DU-TRIGGERED MEASUREMENT REPORT


Proposed messages
Insert in Section 9.1, Message Functional Definition and Content, from TS 38.473:

9.1.x RESOURCE STATUS REQUEST

This message is sent by gNB-CU to gNB- DU to initiate the requested measurement according to the parameters given in the message. To each measurement request is assigned an ID by gNB-CU.
Report Content IE indicates which reports shall be provided.

Report Format IE indicates the measurement processing which the gNB-DU is requested to use for the reporting interval. The pre-processing includes: average value, maximum value, minimum value, median value, 10th percentile, 90th percentile in the CDF.
Cell ID IE indicates for which cell shall be provided the reports.

Reporting Periodicity IE indicates the interval between reports.
Direction: gNB-CU ( gNB-DU.

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

	Message Type
	M
	
	t.b.c
	
	YES
	reject

	gNB-CU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-CU
	YES
	reject

	Report Content
	O
	
	BITSTRING

(SIZE(32))
	Each position in the bitmap indicates the measurement which the gNB-DU is requested to report. First bit indicates the first listed measurement, 2nd bit the second listed measurement and so on. Measurement list is t.b.c.
	YES
	reject

	Report Format
	O
	
	BITSTRING

(SIZE(16))
	Each position in the bitmap indicates the measurement processing which the gNB-DU is requested to use for the reporting interval. First bit indicates average value, 2nd bit indicates maximum value, 3d bit indicates minimum value, 4th bit indicates median value, 5th bit indicates 10th percentile, 6th bit indicates 90th percentile in the CDF.
	YES
	reject

	Cell To Report
	
	1
	
	Cell ID list to which the request applies.
	YES
	ignore

	
	
	
	
	
	
	

	>Cell To Report Item
	
	1 .. <maxCellsingNB-DU >
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	NCGI

(global cell identifier in NR)
	
	–
	–

	Reporting Periodicity
	O
	
	ENUMERATED(50ms, 100ms, 200ms, 500ms, 1000ms, 2000ms, 5000ms,10000ms, …)
	Periodicity that shall be used for reporting 
	YES
	ignore


	Range bound
	Explanation

	maxCellingNB
	Maximum no. cells that can be served by a gNB. Value is 4000000.


9.1.y RESOURCE STATUS RESPONSE

This message is sent by a gNB-DU to indicate that the requested measurement, for all or for a subset of the measurement objects included in the measurement request, is successfully initiated.
In case that a measurement fails to be initialized, the message identifies such measurement by Failed Report Characteristics IE and indicates the reason for this failure by using the Cause IE.
Direction: gNB-DU ( gNB-CU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	t.b.c.
	
	YES
	reject

	gNB-CU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-CU
	YES
	reject

	gNB-DU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-DU
	YES
	reject

	Criticality Diagnostics
	O
	
	9.2.7 in TS36.423
	
	YES
	ignore

	Measurement Initiation Result
	
	0..1
	
	List of all cells in which measurement objects were initiated, included when indicating partial success
	
	

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

	>>Cell ID
	M
	
	NCGI
	
	–
	–

	>>Measurement Failure Cause List
	
	0..1
	
	Indicates that gNB-DU could not initiate the measurement for at least one of the requested measurement objects in the cell
	–
	–

	>>>Measurement Failure Cause Item
	
	1 .. <maxFailedMeasObjects>
	
	
	EACH
	ignore

	>>>>Measurement Failed Report Characteristics
	M
	
	BITSTRING

(SIZE(32))
	Each position in the bitmap indicates the measurement which the gNB-DU failed to initiate. First bit indicates the first listed measurement, 2nd bit the second listed measurement and so on.
	–
	–

	>>>>Cause
	M
	
	t.b.c
	Failure cause for measurement objects for which the measurement cannot be initiated
	–
	–


	Range bound
	Explanation

	maxFailedMeasObjects
	Maximum number of measurement objects that can fail per measurement. Value is [32].

	maxCellInGNB
	Maximum no. cells that can be served by a gNB. Value is 4000000.


9.1.z
RESOURCE STATUS FAILURE

This message is sent by the gNB-DU to indicate that for none of the requested measurement objects the measurement can be initiated.

Direction: gNB-DU ( GNB-CU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	t.b.c.
	
	YES
	reject

	GNB-CU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by GNB-CU
	YES
	reject

	gNB-DU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-DU
	YES
	reject

	Cause
	M
	
	t.b.c.
	Ignored by the receiver when the Complete Failure Cause Information IE is included
	YES
	ignore

	Criticality Diagnostics
	O
	
	t.b.c
	
	YES
	ignore

	Complete Failure Cause Information
	
	0..1
	
	Complete list of failure causes for all requested cells. 
	YES
	ignore

	>Complete Failure Cause Information Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	NCGI
	
	–
	–

	>>Measurement Failure Cause List
	
	1
	
	
	–
	–

	>>>Measurement Failure Cause Item
	
	1 .. <maxFailedMeasObjects>
	
	
	EACH
	ignore

	>>>>Measurement Failed Report Characteristics
	M
	
	BITSTRING

(SIZE(32))
	Each position in the bitmap indicates measurement object that failed to be initiated in the gNB-DU. Each position in the bitmap indicates the measurement which the gNB-DU was requested to report. First bit indicates the first listed measurement, 2nd bit the second listed measurement and so on.
	–
	–

	>>>>Cause
	M
	
	9.2.6
	Failure cause for measurements that cannot be initiated
	–
	–


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an gNB-DU. Value is 256.

	maxFailedMeasObjects
	Max number of measurement objects that can fail per measurement. Value is 32.


9.1.t
RESOURCE STATUS UPDATE 

This message is sent by gNB-DU to GNB-CU to report the results of the requested measurements.
Description: t.b.c.
Direction: gNB-DU ( C
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	t.b.c
	
	YES
	ignore

	gNB-CU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-CU
	YES
	reject

	gNB-DU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-DU
	YES
	reject

	Cell Measurement Result
	
	1
	
	
	YES
	ignore

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

	>>Cell ID
	M
	
	NCGI
	
	YES
	ignore

	     >>Time, frequency, and space resources per cell in downlink
	O
	
	t.b.c
	
	
	

	>>Summary of resource availability per cell
	O
	
	t.b.c
	
	
	

	>>Traffic requirements
	O
	
	t.b.c
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Proposed stand-alone Information Elements

Insert in Section 9.2, Information Element definitions, from TS 38.473:

9.2.x
Time, frequency and space used resources per cell in downlink

This IE provides an indication on the total number of used time, frequency and space resources per cell and T-RP. 
It is understood that a cell can be formed by multiple T-RPs, belonging or not to the same DU. The information is provided in a defined time interval, as the slot allocation for UL and DL transmission can change.

The reports will use the statistical format as defined by gNB-CU in the GNB-CU-INNITIATED ACTION REQUEST message.

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

	gNB-DU_ID
	M
	
	Integer (1…4096...)
	gNB-DU (Distributed Unit) ID
	YES
	Reject

	Cell General Identifier in NR


	M
	
	Integer (1…4000000)
	NCGI
	YES
	Reject

	GNB-CU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by GNB-CU
	YES
	reject

	gNB-DU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-DU
	YES
	reject

	Start SFN
	M
	
	INTEGER (0..1023, …)
	SFN of the radio frame containing the first subframe when the Time, frequency, and space used resources per cell are valid.
	–
	–

	Start Subframe Number
	M
	
	INTEGER (0..9, …)
	Subframe number, within the radio frame indicated by the Start SFN IE.
	–
	–

	Subframe Assignment to gNB-DU in DL (Time resources for DL)
	M
	
	BITSTRING

(SIZE(t.b.c.))
	Each position in the bitmap indicates a subframe, ‘”1” indicates that the subframe was used for DL transmission. First bit indicates the first subframe, 2nd bit the second subframe and so on.

The report uses the report format in the GNB-CU RESOURCE STATUS REQUEST message.
	YES
	ignore

	Used PRBs List
	M
	0..<maxSlotsperPattern>
	
	
	
	

	>Used PRB per Subframe
	
	
	INTEGER (0..t.b.c)
	Each element in the list represents the number of used PRB resources per the respective subframe. The report uses the report format in the GNB-CU RESOURCE STATUS REQUEST message.
	
	

	>Number Of Cell-specific Antenna Ports 
	M
	
	ENUMERATED (1, 2, 4, …)
	P (number of antenna ports for PDSHC) t.b.d. in TS 38.211 
	
	

	Pattern repetition interval
	O
	
	INTEGER
	Indicated as number of subframes
	-
	-


End of Text Proposal for TR 38.473
Proposal

It is proposed to include in TR 38.473 the above changes.
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