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1   Introduction
In current X2AP specifications in TS36.423 it is possible to setup periodic reporting of certain information on a per cell basis by means of the X2: Resource Status Reporting Initiation procedure. 
In particular, the following information can be set for periodic updating:

· PRB Utilisation
· TNL load Indication
· HW Load Indication
· Composite Available Capacity

· ABS Status

The X2: RESOURCE STASTUS REQUEST procedure is used for both starting and stopping periodic reporting of the above information. 
To start the reporting procedure the Registration Request IE shall be set to value “start”, while the list of information to be periodically reported shall be outlined via the bit string in the Report Characteristics IE and the list of cells for which reporting needs to be started shall be specified in the Cell To Report Item IE, as per X2: RESOURCE STATUS REQUEST message tabular below that is taken from TS36.423:
9.1.2.11
RESOURCE STATUS REQUEST
This message is sent by an eNB1 to neighbouring eNB2 to initiate the requested measurement according to the parameters given in the message. 

Direction: eNB1 ( eNB2.

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

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB1
	YES
	reject

	eNB2 Measurement ID
	C-ifRegistrationRequestStop
	
	INTEGER (1..4095,...)
	Allocated by eNB2
	YES
	ignore

	Registration Request
	M
	
	ENUMERATED(start, stop,

…)
	A value set to “stop”, indicates a request to stop all cells measurements.
	YES
	reject

	Report Characteristics
	O
	
	BITSTRING

(SIZE(32))
	Each position in the bitmap indicates measurement object the eNB2 is requested to report.

First Bit = PRB Periodic,

Second Bit = TNL load Ind Periodic,

Third Bit = HW Load Ind Periodic,

Fourth Bit = Composite Available Capacity Periodic, this bit should be set to 1 if at least one of the First, Second or Third bits is set to 1,

Fifth Bit = ABS Status Periodic.

Other bits shall be ignored by the eNB2.
	YES
	reject

	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
	
	–
	–

	Reporting Periodicity
	O
	
	ENUMERATED(1000ms, 2000ms, 5000ms,10000ms, …)
	
	YES
	ignore

	Partial Success Indicator
	O
	
	ENUMERATED(partial success allowed, ...)
	Included if partial success is allowed
	YES
	ignore


In order to start reporting of different information for different cells, separate X2: RESOURCE STSTUS REQUEST messages can be sent to a neighbour eNB. The RESOURCE STATUS REQUEST procedure allows for fine levels of granularity by specifying the measurement types and cells for which reporting has to be started. In order to minimise signalling it is possible to configure several measurement reporting processes in different cells by means of the same procedure. 
However, when the inverse procedure of stopping measurement reports has to be carried out, the same flexibility in specifying measurement reports and cells for which the “stop” command shall be executed is not available because TS36.423 specifies the following:

The procedure is initiated with a RESOURCE STATUS REQUEST message sent from eNB1 to eNB2. Upon receipt, eNB2 shall initiate the requested measurement according to the parameters given in the request in case the Registration Request IE set to "start" and shall stop all cells measurements and terminate the reporting in case the Registration Request IE is set to “stop".
Namely, the following can be observed:

Observation 1: While information reporting can be triggered with a per measurement and per cell granularity by means of separate RESOURCE STATUS REQUEST messages, the same level of granularity is not available with the RESOURCE STATUS REQUEST message to stop reporting for specific cells and information. Instead, reporting for all cells and all information initiated at the same time has to be stopped at once.

In this paper issues arising from the current X2: Resource Status Reporting Initiation procedure are explained and a way forward to resolve them is proposed.
2   Drawbacks with Resource Status Reporting Initiation procedures
The RESOURCE STATUS REQUEST allows for setting up periodic reporting of different information for one or more cells within the receiving eNB.
There are two levels of granularity for setting up periodic reporting: per cell and per information.

One condition for requesting information reporting from specific cells in a neighbour eNB is whether the reporting cells have a neighbour relation with one or more cells in the requesting eNB. In general, it is plausible to assume that periodic information reporting is requested from cells that are in the neighbourhood of the requesting eNB’s cells, e.g. cells between which mobility is likely, cells that can considerably interfere with each other etc.

However, such relationships may change with time. For example, the requesting eNB may deactivate or change the shape of cells neighbouring some of the reporting eNB’s cells. In general, neighbour relations can change simply because propagation conditions change with time. This may imply that periodic reporting from some cells is no longer needed. Figure 1 illustrates this case.
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Figure 1: Example of scenario where periodic information reporting from one cell in a neighbouring eNB is no more needed 

In Figure 1 it can be seen that Cell1c, neighbours with Cell2b. While Cell2b is a neighbour cell of Cell1c, it is beneficial to have periodic information reporting from Cell2b.

However, due to e.g. changes in radio propagation or re-shaping of the, Cell2b may seize to be a direct neighbour cell of Cell1c. In this example, eNB1 does not need to maintain a cell relation with Cell2b, which can be removed from the neighbour cell list. Such removal may be needed because of the high number of neighbour cell relations an eNB needs to maintain and because it is beneficial to eliminate any neighbour relation that is not relevant to give place to relevant ones. 

In order to reduce the amount of information reported periodically by eNB2 and processed by eNB1, eNB1 may benefit from stopping reporting from Cell2b. However, in order for this to happen current specifications impose that periodic reporting from all cells in eNB2 configured at the same time shall be stopped. The latter implies that once reporting from all cells is disabled, extra signalling needs to be used to re-initiate periodic reporting of information from cells that are still relevant.

Observation 2: It is beneficial to stop periodic reporting for specific cells without having to stop reporting for all other initiated cells. Absence of a procedure to stop periodic reporting on a per cell basis implies extra signalling and processing to re-initiate periodic reporting for the cells unnecessarily stopped.
The other level of granularity for information reporting is on a per information basis. For example, it may be the case that all information available for reporting is configured. However, ABS Status reporting is needed only as long as the requesting eNB has ABS enabled. At the point in time when the requesting eNB disables ABS, the periodic reporting of the ABS Status IE is no more needed. Stopping of such reporting would therefore be advantageous. An example of this case explained above is provided in Figure 2.
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Figure 2: Example showing signalling for re-initialise periodic reporting unnecessarily stopped

In another example, it might be the case that knowing PRB utilization, HW Load and TNL Load is only needed during peak hours, when such values approach their operational limit and are useful to understand how critical a neighbor cell’s overload is. However, during medium to low peak times such parameters may not be of interest, while Composite Available Capacity (used to balance out load across cells) and ABS Status (used to fine tune ABS allocation) may be needed. Stopping of such reporting would therefore be advantageous.
Observation 3: It is beneficial to stop measurement reporting for specific information coming from specific cells without having to stop reporting for all other information and cells initiated at the same time. Absence of a procedure to stop periodic reporting on a per information basis implies extra signalling and processing to re-initiate periodic reporting for the information unnecessarily stopped.

3   Proposed Solutions
In order to resolve the issues described above, methods were proposed in [1] that would not imply changes to the ASN.1. However, such methods left interoperability with legacy nodes to implementation specific means. 

In order to improve backwards compatibility the proposals below involve adding a new value to the Registration Request IE, equal to “partial stop”, which is used for partial stop of information reporting on a per information and per cell basis. 
The new “Partial Stop” value of the Registration Request IE can be interpreted only by nodes supporting the partial stop functionality. Therefore, if a legacy node receives the Registration Request IE with value “Partial Stop”, the all procedure will fail due to criticality of the Registration Request IE set to “reject”. The sending node will therefore understand that the receiving node only supports legacy measurement report stop and will request to stop reporting accordingly.

If the receiving node supports partial stop, once a Registration Request IE set to “Partial Stop” is received, it will stop measurement listed in the Report Characteristics IE and for cells listed in the Cell To Report Item IE. Namely, the overall procedure will be based on the following:

· to set the Registration Request IE to a new value equal to “partial stop” 

· to specify the information for which periodic reporting has to be stopped by means of the Report Characteristics IE
· To specify the cells for which the information reporting has to be stopped by means of the Cell To Report Item IE
The above consists of a simple way to enable the granularity needed to stop periodic reporting while maintaining backwards compatibility and keeping standardisation changes to a minimum level. An example of the proposed solution is presented in Figure 3.
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Figure3: Example of Partial Stop due to neighbour relations changes

Proposal: It is proposed to introduce a new value equal to “partial stop” for the Registration Request IE and reuse the current IEs in the REPORT STATUS REQUEST message to allow stopping of periodic reporting on a per information and per cell basis
4   Conclusions 
In this paper it has been explained how current procedures for stopping periodic reporting of information set via the RESOURCE STATUS REQUEST message is inefficient. This was highlighted by the following observations:

Observation 1: While information reporting can be triggered with a per measurement and per cell granularity by means of separate RESOURCE STATUS REQUEST messages, the same level of granularity is not available with the RESOURCE STATUS REQUEST message to stop reporting for specific cells and information. Instead, reporting for all cells and all information initiated at the same time has to be stopped at once.

Observation 2: It is beneficial to stop periodic reporting for specific cells without having to stop reporting for all other initiated cells. Absence of a procedure to stop periodic reporting on a per cell basis implies extra signalling and processing to re-initiate periodic reporting for the cells unnecessarily stopped.
Observation 3: It is beneficial to stop measurement reporting for specific information coming from specific cells without having to stop reporting for all other information and cells initiated at the same time. Absence of a procedure to stop periodic reporting on a per information basis implies extra signalling and processing to re-initiate periodic reporting for the information unnecessarily stopped.
Current procedures for stopping periodic information reporting lead to the following shortfalls:

· Unnecessary stopping of periodic reporting for information actually needed

· Unnecessary signaling of new RESOURCE STATUS REQUEST to re-initiate reporting of information unnecessarily stopped

· Lack of functionalities based on periodically reported information during the period of stop and re-start 
In order to resolve the issues described the following is proposed:

Proposal: It is proposed to introduce a new value equal to “partial stop” for the Registration Request IE and reuse the current IEs in the REPORT STATUS REQUEST message in order to allow stopping periodic reporting on a per information and per cell basis
In support to the proposal above it is suggested to agree to the CR in [2].
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