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Introduction

To progress the solution evaluation work in UPCON, the general concerns regarding CN-based solutions that have been highlighted by RAN2 in LS response S2-133874 as well as by contribution S2-134010 [General issues with CN-based solutions, Ericsson] need to be addressed. This requires a systematic documentation of the issues raised to facilitate further discussions. Such a systematic documentation was already proposed in S2-134568 [Proposed conclusion] supported by the majority of the companies at SA2#100. 
Proposal

In line with the earlier proposal in S2-134568 supported by the majority of interested companies, it is proposed to document the relevant issues with CN-based solutions in the Evaluation section of the UPCON TR. The issues listed in S2-134568 are briefly described to be understandable for further discussion. A longer discussion of the issues are available in S2-134010. Standardization related issues are omitted as they are expected to be addressed in the course of the standardization work. Questions raised in RAN2 LS S2-133874 are not listed explicitly as they need to be responded to in a reply LS. Questions specific to the off-path reporting solution are not listed below in the general evaluation as they need to be addressed by that solution explicitly. 
=========================START CHANGE=================================
7
Evaluation

Editor's note:
this clause contains the evaluation of various solutions.

7.1
Evaluation of CN-based solutions

Editor's note: The following performance aspects of the CN-based solutions require further analysis due to the fact that CN-based solutions manage congestion far away from the bottleneck link. 

1. Limited information. CN-based solutions capture the state of the RAN by a single scalar congestion level to base CN actions on. This inevitably leads to loss of information. It is FFS how this impacts the performance of CN-based solutions. 

2. Averaged and delayed information. The information sent from RAN to CN is averaged and delayed, hence the CN cannot follow the quick variations in RAN. It is FFS how this impacts the performance of CN-based solutions. 

3. Mechanism for setting CN throttling parameters. It is FFS how the CN throttling parameters are set in a way that avoids excessive throttling causing under-utilization, yet provides sufficient throttling to manage congestion. 

4. Sensitivity to traffic and radio fluctuations. If the CN parameters are set based on measurements of the actual traffic mix, these settings are exposed to fluctuations in the bursty traffic patterns, and also due to unpredictable fluctuations of the radio channel. The sensitivity of the system performance to traffic and radio fluctuations is FFS. 
5. Oscillating feedback loop. The CN-based solution relies on feedback control with delay in the feedback loop and using a scalar as the feedback, which can result in oscillating behaviour between a higher congestion level with more strict CN traffic throttling rules and a lower congestion level with less strict CN traffic throttling rules. It is FFS how the system stability is maintained in the face of the oscillation issues. 

6. Inconsistent congestion handling. It is FFS how consistency of resource allocation is ensured in case the same RAN resource is managed by multiple independent PGW or PCRF entities in the CN. 

Editor's note: CN-based congestion mitigation solution has to efficiently co-exist with RAN congestion mitigation mechanisms that RAN uses already. 
1. Link adaptation selects the appropriate coding and modulation parameters based on the instantaneous channel conditions. The CN-based mitigation action introduces traffic throttling actions independent of the radio channel conditions of a given user. This effectively negates the link adaptation gain for these flows. This leads to performance degradation whose extent is FFS. 
2. Parallel execution of RAN and CN traffic differentiation. Multiple bearers with different QCIs may be set up to achieve differentiated treatment in the RAN. With CN-based congestion mitigation, another mechanism is introduced to perform differentiated treatment in the CN. It is FFS how the RAN and CN traffic differentiation mechanisms running in parallel would result in a well-defined and predictable behaviour for the overall system.
3. RAN load balancing. It is FFS how the feedback control loop for RAN load balancing interacts with the feedback control loop of the CN-based solutions and how the synchronization of the two control loops can be avoided. 

4. Inter-cell interference cancellation. It is FFS how inter-cell interference cancellation algorithms are affected by the CN-based solution due to the possible traffic fluctuations resulting from the CN-based solution. 

5. SON mechanisms may not converge. It is FFS how the convergence of SON mechanism is affected by long-term traffic fluctuations resulting from the CN-based solution. 
6. Hiding of RAN cell structure from CN. UEs may be connected to multiple cells, or the UE’s cell may be hidden from the CN. It is up to RAN control mechanisms to determine the appropriate cell where the UE should consume resources in cases such as WCDMA soft handover, LTE small cells or carrier aggregation mechanisms. CN-based traffic throttling can negate the gain that could be achieved by RAN cell selection since CN traffic throttling does not take into account RAN’s decisions. It is possible for the CN to throttle flows for which congestion could efficiently be handled by RAN. This leads to performance degradation whose extent is FFS.
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