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1. Introduction
In SA2#98 meeting, SA2 sent a LS S2-133070 [1] to RAN2 and RAN3 to ask following questions:
	As part of Rel-12 SA2 is working on system enhancements for user plane congestion management (UPCON) based on the related Stage-1 normative requirements and the definition of user-plane congestion as defined in TS 22.101.

Some of the proposed solutions concentrate on reporting the user-plane congestion situation experienced by the RAN to the Core Network in order to enable the Core Network to activate different mitigation measures. 

It has been discussed as part of the study that it is desirable to ensure similar RAN behaviour for congestion reporting in multi-RAN vendor deployments so that different RANs (e.g. eNBs from different vendors) report the same congestion information (e.g. congestion severity level) in similar user-plane congestion situations. 

This raised the following question that SA2 would like to request RAN2/3 to provide feedback on:

· Based on which implementation-independent criteria can the RAN determine whether it experiences user-plane congestion?

Assuming that the RAN is able to determine it is congested as described above it was proposed that the RAN determines the severity level of congestion and sends a scalar value representing the severity level to the Core Network.

Related to this the following question was raised:

· To enable that multiple congestion levels can be determined and reported to the Core Network while also ensuring the same severity level being reported by different RAN implementations in similar congestion situations, which implementation-independent criteria need to be configurable by operators in the RAN to enable the RAN to detect and derive the different severity levels of congestion?


In this contribution, we analyse the criteria for RAN to determine whether it experiences user-plane congestion, how to determine and report the congestion level, especially in multi RAN vendor scenario, and provide the answers to SA2’s questions.
2. Discussion

2.1  Definition of RAN user plane congestion

The definition of RAN user plane congestion in SA2 TR 23.705 [6] is:
【RAN user plane congestion】RAN user plane congestion occurs when the demand for RAN resources exceeds the available RAN capacity to deliver the user data for a period of time. RAN user plane congestion leads, for example, to packet drops or delays, and may or may not result in degraded end-user experience.

NOTE 1: 
Short-duration traffic bursts is a normal condition at any traffic load level, and is not considered to be RAN user plane congestion. Likewise, a high-level of utilization of RAN resources (based on operator configuration) is considered a normal mode of operation and might not be RAN user plane congestion.

NOTE 2: 
RAN user plane congestion includes user plane congestion that occurs over the air interface (e.g. LTE-Uu), in the radio node (e.g. eNB) and/or over the backhaul interface between RAN and CN (e.g. S1-u).

Based on the definition we can see that the UP congestion is related to RAN capability, load, latency and data packets drop.
Observation 1: UP congestion is related to RAN capability, load, latency and data packets drop.
2.2  Implementation-independent criteria to determine user plane congestion
There are already some standardized parameters to describe the RAN capability, load, latency and data packets drop. 

Load status exchanged between eNBs/RNCs 

In current LTE X2AP spec TS36.423 [2], the load status is exchanged between eNBs via X2 interface, the exchanged information includes Hardware Load, S1 TNL load, Radio Resource Status, Composite Available Capacity Group and ABS status, as shown in the table1. Similarly, according to TS25.423 [3], the Cell Capacity Class Value and Load Value are also exchanged between RNCs, as shown in the table2.
Table1: load status exchanged between eNBs [2]
	>>Hardware Load Indicator
	DL Hardware Load Indicator
	ENUMERATED (LowLoad, MediumLoad, HighLoad,  Overload, ...)

	
	UL Hardware Load Indicator
	ENUMERATED (LowLoad, MediumLoad, HighLoad,  Overload, ...)

	>>S1 TNL Load Indicator
	DL S1TNL Load Indicator
	ENUMERATED (LowLoad, MediumLoad, HighLoad,  Overload, ...)

	
	UL S1TNL Load Indicator
	ENUMERATED (LowLoad, MediumLoad, HighLoad,  Overload, ...)

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

	
	UL GBR PRB usage
	INTEGER (0..100)

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

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

	
	DL Total PRB usage
	INTEGER (0..100)

	
	UL Total PRB usage
	INTEGER (0..100)

	>>Composite Available Capacity Group
	Composite Available Capacity Downlink
	Cell Capacity Class Value
	INTEGER (1..100,...)

	
	
	Capacity Value
	INTEGER (0..100)

	
	Composite Available Capacity Uplink
	Cell Capacity Class Value
	INTEGER (1..100,...)

	
	
	Capacity Value 
	INTEGER (0..100)

	>>ABS Status
	DL ABS status
	INTEGER (0..100)　


· The Cell Capacity Class Value IE indicates the value that classifies the cell capacity with regards to the other cells. The Cell Capacity Class Value IE only indicates resources that are configured for traffic purposes.
· The Capacity Value IE indicates the amount of resources that are available relative to the total E-UTRAN resources. The Capacity Value IE can be weighted according to the ratio of cell capacity class values, if available.
Table2: load status exchanged between RNCs [3]

	Cell Capacity Class Value
	Uplink Cell Capacity Class Value
	INTEGER(1..100,…)

	
	Downlink Cell Capacity Class Value
	INTEGER(1..100,…)

	Load Value
	Uplink Load Value
	INTEGER(0..100)

	
	Downlink Load Value
	INTEGER(0..100)


· The Cell Capacity Class Value IE contains the capacity class for both the uplink and downlink. Cell Capacity Class Value IE is the value that classifies the cell capacity with regards to the other cells. Cell Capacity Class Value IE only indicates resources that are configured for traffic purposes.
· The Load Value IE contains the total load on the measured object relative to the maximum planned load for both the uplink and downlink. It is defined as the load percentage of the Cell Capacity Class.

However, how to calculate the Capacity/Value by RAN is not specified now, both the Cell Capacity Class Value and Load Value are more vendor specific, they should be enhanced if we would like to use them to determine the UP congestion in multiple RAN vendor scenario.
Observation2: both Cell Capacity Class Value and Load Value can be used to describe the UP congestion,  however Cell Capacity Class Value and Load Value are more vendor specific, they should be enhanced if we would like to use them to determine the UP congestion in multiple RAN vendor scenario.
eNB measurements in TS 36.314
In TS36.314, there are some standardized eNB measurements, e.g. latency and data drop rate. They can also be used to describe the congestion. All vendors can give the similar values in the same congestion case based on the definition and formula.
Observation3: latency and data drop rate in 36.314 can be used to describe the UP congestion in both single vendor and multiple vendor scenarios.
2.3  Report multiple severity level of RAN user plane congestion to CN

To enable that multiple congestion levels can be determined and reported to the Core Network while also ensuring the same severity level being reported by different RAN implementations in similar congestion situations, the same formula and factors should be used to estimate the congestion severity. 
We can estimate congestion severity from different point of view, like in the description in section 2.3, i.e. load, latency, and data drop.  Because different bearers or QCI services have different features, we can estimate the congestion severity with different granularity, e.g. based on GBR or non-GBR, based on different QCIs or bearers.
Different operators may want know the multiple congestion severity from  different point of view and granularity, so derived factor, e.g load or data drop and granularity should be configurable by operators.
Observation 4: derived factor, e.g load or data drop and granularity, e.g. per QCI or bearer should be configurable by operators in the RAN to enable the RAN to detect and derive the different severity levels of congestion.
3. Conclusion

In this contribution, we analyses the current criteria for RAN to determine whether it experiences user-plane congestion, and how to determine and report the congestion level in multi RAN vendor scenario, the following conclusions are achieved: 
Observation 1: UP congestion is related to RAN capability, load, latency and data packets drop.

Observation2: both Cell Capacity Class Value and Load Value can be used to describe the UP congestion, however Cell Capacity Class Value and Load Value are more vendor specific, they should be enhanced if we would like to use them to determine the UP congestion in multiple RAN vendor scenario.
Observation3: latency and data drop rate in 36.314 can be used to describe the UP congestion in both single vendor and multiple vendor scenarios.
Observation 4: derived factor, e.g load or data drop and granularity, e.g. per QCI or bearer should be configurable by operators in the RAN to enable the RAN to detect and derive the different severity levels of congestion.
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