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Abstract of the contribution: This contribution is to provide the responses to the questions and comments that were raised in UPCON CCs in May and further updates for the contribution S2-131610.
Introduction
This contribution is to provide the responses to the questions and comments that were raised towards the contribution “S2-131610_UPCON_Soln_Congestion_Awaremess_and_Mitigation”, and the details of mobility handling for congestion awareness notification/update.
Questions and Answers

1. Concern regarding the off-path approach when comparing to the on-path approach would have longer delay congestion awareness in the new target cell to support UE mobility  
We need to consider the apple-to-apple comparison between the on-path and off-path approaches.  

Regardless it is on-path or off-path, both approaches relies on the RAN to set the congestion status.  Both will pass on the congestion report including the identities of the UEs which are attached to target congested cell to the PCRF eventually.  The main differences between the two approaches are how to pass on the congestion information to the PCRF.   For the on-path approach, it is via SGSN/PGW using the existing Gx interface, whereas for the off-path approach, it is via a new dedicated logical function and interface.  
In reality, if the frequency of the reporting of the congestion information to the PCRF is the same, most likely that, the off-path approach would be much faster due to the dedicated logical function and new interface which do not compete with the existing processing in the SGSN/PGW and signaling overhead for the Gx interface to pass on the congestion information to the PCRF.  
Unless the current on-path approach reports every single upcoming congestion status which is carried using the GTP-U/C to PCRF, then, it may be possible to be compatible with the off-path approach.   However, such mechanism not only compromises the SGSN/PGW design principle for mixing the control plane with the user plane, but also violates the current PCC architecture with respect to policy enforcement support at SGSN/PGW/TDF. 
2. Ability to retrieve the UE’s information and cell id information via SGSN or MME 
The SGSN keeps the CGI/SAI when the UE attaches to UTRAN/GERAN and the MME keeps the ECGI when the UE attaches to EUTRAN. The RPPF can retrieve UE’s information based on the UE ID via a dedicated interface (N4/N3).
3. Benefit of the new interface between RPPF and PCRF 
In a highly congested situation, unpredictable amount of signaling or user traffic may occupy the total capacity of the existing interfaces. The dedicated functional entity RPPF controls the volume of UEs’ load or location information from the RAN, routes the congestion status to appropriate PCRF(s). The dedicated interface Np has no dependency on the user plane’s condition and does not overload the existing control plane.
4. Network architecture to support the congestion notification roaming scenario for home-routed UE traffic  
The following figures illustrate non-roaming/roaming architecture for UPCON. New interface Np, N3 and N4 are defined. UPCON architecture of Legacy UTRAN/GERAN is FFS. While the RPPF is illustrated as a standalone component in these figures, it could be collocated with the MME in all cases.
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Figure 1: Non-roaming architecture of UPCON

For home-routed traffic in Figure 2, the RPPF has Np interface with (H-)PCRF to retrieve the policy defined by the HPLMN.
If VPLMN has the concern regarding to the privacy, one consideration is to assign a dedicated V-PCRF to one or more H-PCRFs, and hence, the interworking considerations will be similar to the roaming with local breakout scenario.  
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Figure 2: Roaming architecture for UPCON (home routed traffic)

For local breakout traffic in Figure 3, the RPPF has Np interface with V-PCRF, which in turn has S9 interface with H-PCRF in the HPLMN.
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Figure 3: Roaming architecture of UPCON (local breakout)

5. Clarification on how the PCRF leverages congestion report provided by RPPF to apply the congestion mitigation decision on the PCEF for the given UE's traffic over the congested RAN 
By mapping the location of congested cells, the subscriber profiles of the UEs under those congested cells and the bearers and/or applications flows to/from those UEs, the network can control user plane traffic in a more sophisticated and fine grained manner. As identified in Section 5.4 in TR23.705, congestion mitigation could be performed by CDN only for the video streams delivered to the congested cells. Other use cases are also described in TR22.805.
6. Clarification on how RPPF related to PCRF when there are multiple UEs served by a given RAN and each UE could be served by one or more PCRFs 
For the off-path approach:

· Each BTS/NB/eNB is paired with one and only one RPPF to report its congestion information
· RPPF will then pass on the assembled congestion report to all PCRFs that serve a given UE (e.g. via some form of multicast function) in the congested BTS/NB/eNB. As a result, all PCRFs would have the exactly same copy of the congested status of the BTS/NB/eNB.  Note that, RPPF could aggregate the congestion reports before send them to the target PCRFs.     
· For a given UE’s traffic, any of the UE’s serving PCRF would be able to determine the appropriate congestion policy and action towards the target PCEF/TDF

7. Clarification on the frequency of the RAN’s congestion report to the RPPF  
There would be two operator controlled engineering thresholds pre-configured for congestion reporting at the RAN towards its serving RPPF. 

a. Congestion-start threshold – the indication of the imminent congestion is appearing in the RAN.  Once the RAN reaches the Congestion-start threshold, it will report the congestion information unsolicitly to RPPF periodically based on an engineered interval that was pre-configured by the operator. 

b. Congestion-stop threshold – the indication of the congestion abatement in the RAN.  Once the RAN reaches the Congestion-stop threshold, the RAN notifies the RPPF the abatement of the congestion in the RAN and will stop reporting the congestion information to RPPF.   

Note that, it is required to have sufficient engineering gap for the Congestion-stop threshold below the Congestion-start threshold in order to prevent ping-ponging effect between the triggering of the Congestion-start and Congestion-stop. 

As to the consideration of the frequency to report the RAN congestion to the RPPF, the mitigation is based on the congestion reports received from the last reported interval, not exactly the current condition. If the reporting is too infrequent, the reported information may become out-of-date, and the mitigation policy and action may apply incorrectly. And if the reporting is too frequent, the reporting signaling and messages flows to change PCC rules could bring heavy burden to the network and the UEs.  Hence, the frequency for congestion reporting should be balanced between these two considerations. 

Regardless，the reporting frequency should be decided and configured by the operator’s local policy. Any proposed CN-based solution must support the operators to adjust the congestion reporting frequency based on their network configuration and engineering results. 
8.  Clarification on how to support the congestion notification and mitigation for multi-mode UE attaching to two different RANs simultaneously  
An existing mechanism has already been defined to support inter-RAT handover based on the awareness of the UE’s current’s serving RAT congestion.  Even though the two different RANs serving the same UE may be paired with two different RPPFs, if one of the UE’s RAT is congested and the other one is not, the existing inter-RAT mobility would be triggered and acted as the alternative access to relieve the UE from the congested RAT. 
9. Mobility handling for congestion awareness notification/update 

The main design consideration for this PCC CN-based operator controlled awareness and notification is to minimize the amount of control plane signaling for reporting congestion status and hence, the granularity of the congestion reporting is at the cell level, rather than at the UE or UE’s connection level when comparing with other CN-based solution.  
GERAN, UTRAN and E-UTRAN, in general, maintain its cell level congestion status, and such information is normally present to the cell’s serving SGSN or MME during the UE handover from one cell to another cell.  It is expected for the SGSN and MME to maintain the congestion status of their serving cells, and also the list of attached UEs.  During the UE handover from one cell to another cell, the cell’s serving SGSN or MME will also detect the cell change.  Such detection will then be used as the trigger to ensure the latest congestion status of the given UE with respect to its source and target cells will be updated to the corresponding RPPF and subsequently to the PCRF. 

Given the RAN architecture for GEREN, UTRAN and E-UTRAN are not the same, the following presents a high-level view on how the appropriate SGSN or MME to report the congestion status update to RPPF and subsequently to PCRF. 
Case-1: 
X2-AP handover handling 

For X2-AP handover, the MME will always be aware of which cell is congested and not congested.  Four scenarios are considered: 

(1) Both source and target cells are NOT congested. 

(2) Both source and target cells are congested 

(3) Source cell is congested and not the target cell

(4) Source cell is not congested, but the target cell is

Scenario (1), no further action is needed. 

Scenario (2), since both cells are congested, they both have the existing N4/Np sessions with RPPF and PCRF, respectively.  The congestion status update is initiated by the MME for both the source and target cells once the X2-AP handover is completed. The MME shall initiate a N4 Session Modification to the serving RPPF of the source congested cell to remove UE congestion status and to install the UE’s congestion status in the target congested cell. Consequently, the RPPF will initiate the Np Session Modification towards the affected PCRF for the given UE.
For scenario (3), since there is no active N4/Np session for the target cell, the congestion status update is initiated by the MME for the source congested cell once the X2-AP handover is completed at the source cell. The MME shall initiate a N4 Session Modification to the serving RPPF of the source congested cell to remove UE and to install the UE’s abatement status in the target cell. Consequently, the RPPF will initiate the Np Session Modification towards the affected PCRFs for the given UE.

For scenario (4), since there is no active N4/Np session for the source cell, the congestion status update is initiated by the MME for the target cell once the X2-AP handover is completed at the target cell. The MME shall initiate a N4 Session Modification to the serving RPPF of the target cell to add-on UE congestion status and to remove UE from the source cell. Consequently, the RPPF will initiate the Np Session Modification towards the affected PCRFs for the given UE.

Case-2: 
S1-AP handover handling 

For S1-AP handover, both intra-MME and inter-MME handover are considered.  Never-the-less, similar to X2-AP scenarios, the eNB’s serving MME will always be aware of which cell is congested and not congested.  Hence, the similar handling procedures as described in Case-1 above apply, with the clarification that, the MME that was referred for initiating N4 Session Modification is the serving MME for the congested cell. 
Case-3: 
UTRAN Inter-RNC handover handling 

SGSN of the congested cell will always be aware of the UE ID and cell ID.  Hence, the procedures will be similar to S1-AP handover with the clarification that, the serving MME of the congested cell is replaced by the serving SGSN of the congested cell.  

Case-4: 
UTRAN Intra-RNC handover handling 

Editor’s note: Need to confirm if the serving RNC of the congested cell will update the SGSN in the RAN-AP signaling.  The consideration of the handover procedures for this scenario is FFS. 
Case-5:
GERAN handover handling 

SGSN of the congested cell will always be aware of the UE ID and cell ID.  Hence, the procedures will be similar considerations as UTRAN inter-RNC.  
Case-6:
Inter-RAT handover handling 

Both SGSN and MME of the congested cell will always be aware of the UE ID and cell ID.  Hence, the procedures will be similar consideration as UTRAN Inter-RNC and S1-AP.  
6

[image: image1][image: image4.png]1
1
Gb ! H-PCRF
SGSN ,
1
1
1

lu 59
N3 HPLMN
S3 L o oo oo o o o o oo f e e e e e o e
N4 Np VPLMN
MME f RPPF i V-PCRF
Rx
-S4
S1-MME T Gx 1 Sd
S11
S5 SGi
S1-U
| PDN GW || |
SGW T (PCEF) TDF | PDN




[image: image5.png]Gb

S1-MME

SGW

V SGSN
lu Np T
N3
3 |X_~  -----
N4
MME | RPPF
L4
s11
51U -

PCRF

- Gx

PDN

(PCEF)

GW




