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Abstract of the contribution: This contribution proposes extensions to solution evaluations for the granularity of congestion awareness and additional consideration to CN-based reporting solutions.

Introduction

Level of granularity

Key issue #2 “RAN user plane congestion awareness” requires to address the level of granularity for congestion awareness. With regard to the CN-based congestion management, this depends on the mitigation measures to be taken. According to Section 6.1.4, the CN performs congestion mitigation by deciding which congestion mitigation measure is taken according to the reported RCI; therefore, it should be clarified which level of granularity each reporting solution provides for solution evaluation. The granularity of congestion awareness represents the degree of detail in what is affected rather than how much it is affected. For example, the same congestion level could be transported by different bearers that are accommodated in the same cell (bearers are used as the transport mechanism), in which case it can be identified which bearer is affected, but it is not known how much each bearer is affected. Based on this criterion, CN-based reporting solutions that are currently proposed have the following granularity in congestion awareness.
Table: the granularity of congestion awareness for CN-based reporting solutions
	Solution
	Cell ID
	UE ID
	Bearer ID

	#1 (1.5.1)
	Y1)
	Y
	Y

	#2 (1.5.2)
	Y2)
	Y
	Y

	#3 (1.5.3)
	Y
	N
	N

	#4 (1.5.4)
	Y
	Y
	Y

	#5 (1.5.5)
	Y
	Y
	N


1) The usage is FFS
2) Optional
Note that according to key issue #2, the balance between signaling/processing overhead and benefits should be taken into consideration, so the level of granularity does not necessarily imply the benefit of the solution. The bearer-level information is necessary if the applied mitigation solution modifies the QoS parameters of a specific bearer, whereas the cell-level information is sufficient if only the trigger to start/stop a location-specific mitigation mechanism is required or the targeted bearer for mitigation can be known by other means.
Consistent congestion handling

According to Section 6.1.2, one of the assumptions is that CN-based solutions ensure consistent congestion handling, which means that the same set of mitigation policies are applied for a given congestion level. This should be true in the multi-vendor radio network environment, where RAN nodes from different vendors could indicate different congestion levels in the same congestion situation. The off-path based solution employs a dedicated node (i.e., RCAF) to collect congestion information, which also plays a role of normalizing the congestion levels from different RAN nodes. This feature contributes to consistent congestion handling and should be taken into consideration in the system evaluation.
Proposal
Based on the above observation, the following extensions to the system evaluation are proposed.
* * * START OF 1st CHANGE * * *

6.1.5.1.6
Solution evaluation
The advantages of the solution are the following: 
-
No architecture impact. There is no new control plane interface and new network element is introduced.

-
No mandatory new signalling is introduced over the control plane. Furthermore, there is no additional signalling in case of mobility or other RAN-related procedures required.
-
Indicates congestion information on a per-bearer granularity.

The disadvantages of the solution are the following:

-
Processing of RCI bring extra burden in the P-GW/GGSN. 
-
A new signalling channel, piggybacked to the user plane, is introduced to the architecture piggybacked over the user plane.
-
Introduce signalling if P-GW/GGSN triggers event report to the PCRF.
Additional considerations:

-
The amount of the information transferred in one uplink packet is limited by the size of the packet.
-
This solution provides bearer-level granularity of information to a mitigation solution.
* * * END OF CHANGE * * *

* * * START OF 2nd CHANGE * * *

6.1.5.2.5
Solution evaluation
Advantages:

-
No new network element, new interface, or new protocol is introduced
-
Support reporting RCI for multiple cells under the same eNB
-
RCI reporting signaling overhead doesn’t exist on S1-MME interface as the signaling aggregation is introduced
-
Give RAN node the intelligence to report RCI per EPS bearer level by using dynamic policy control
-
Support congestion reporting restriction for home routed roaming UE either in a static or dynamic way
-
Support congestion reporting restriction for RAN sharing

-
Future extension to RCI is comparably easy (e.g., only adding a new AVP)
-
Satisfy the requirement on timely notification of congestion onset, update and abatement.
Disadvantages:

-
Introduce additional C-plane signalling when sending a congestion reporting from the eNodeB to PCRF/PCEF over C-plane interfaces (S1-MME, S11, S5/S8)
-
Introduce additional C-plane signalling when updating policy for RCI signalling of existing EPS bearer (only in case of dynamic configuration of policy for RCI signalling)
-
Introduce additional processing logic for MME to parse the received notification message into several messages according to the number of UE and UE’s PDN connections

-
Introduce extra control plane processing at network nodes (eNodeB, MME, SGW, PGW) for C-plane, for example:

-
MME has to parse the received RCI signalling message into several messages according to the number of UE and UE’s PDN connections

Additional considerations:

-
This solution provides bearer-level granularity of information to a mitigation solution.
* * * END OF CHANGE * * *

* * * START OF 3rd CHANGE * * *

6.1.5.3.4
Solution evaluation
Additional considerations:

-
This solution provides cell-level granularity of information to a mitigation solution.

* * * END OF CHANGE * * *

* * * START OF 4th CHANGE * * *

6.1.5.4.4
Solution evaluation
Additional considerations:

-
This solution provides bearer-level granularity of information to a mitigation solution.
-
The RCAF can normalize the congestion level in a multi-vendor radio network environment, which ensures the consistent congestion handling.
* * * END OF CHANGE * * *

* * * START OF 5th CHANGE * * *

6.1.5.5.4

Solution evaluation
This CN based solution allows the PCRF to receive RAN congestion information. The RCAF can integrate RAN congestion information both in time and/or space (allowing to aggregate RAN congestion information of neighbour cells/ENB).
This solution does not require work from the RAN WG but entails the definition of a new functional entity (the RCAF) in the architecture. It requires modifications only on the PCRF and on the MME/SGSN (no modification of the SGW/PGW are needed) and does not impact the user plane processing.

Additional considerations:

-
This solution provides UE-level granularity of information to a mitigation solution.
-
The RCAF can normalize the congestion level in a multi-vendor radio network environment, which ensures the consistent congestion handling.
* * * END OF CHANGE * * *
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