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Introduction

This paper responds to various areas which have been claimed to be of concern in the context of CN-based UPCON solutions, specifically for the RCAF solution as documented in section 6.1.5.5 in TR 23.705. 
Discussion

The following table lists the various topics that have been claimed to be potential issues for CN-based UPCON solutions, specifically for the RCAF solution as documented in section 6.1.5.5, and addresses those concerns.

	1.
	S2-134010
	Co-existence issue with RAN mechanisms – Hiding of RAN cell structure from CN 
	While the general statements about lack of details for RAN algorithms listed in S2-xxxxxx hold true for this aspect as well, some RCAF aspects can be added with respect to hidden cells / UEs consuming resources from multiple cells. 

This issue refers to the fact that a UE may be consuming resources from multiple cells though the CN only knows the ECGI of the PCell or MeNB. 

In CA/CoMP/Dual Connectivity scenarios the RAN’s load balancing tools (e.g. the mobility load balancing function) can be assumed to ensure similar load on adjacent congested cells, which are involved in CA/CoMP/Dual Connectivity scenarios. As a result, even though a UE may be using resources from multiple cells (via CA/CoMP/Dual Connectivity), it is acceptable for the RCAF to only consider the congestion state of the PCell/MeNB for that UE (as the congestion levels for the SCells/SeNB for a given UE will be similar).
In addition, user-plane congestion in focus of UPCON is assumed to be a regional/wider area issue (i.e. isolated congested/uncongested cells are assumed to be unlikely).

	2.
	S2-134011
	Temporal averaging of congestion
	While it is true that the OAM performs a certain level of time averaging, there are various consumers for information from OAM. The time averaging performed by the OSS is therefore the least common denominator in terms of averaging window used. Consumers of this data who require longer averaging windows need to apply this on top of this least common denominator. Thus, depending on the actual deployment and network configuration there is a need for temporal averaging in the RCAF.

	3.
	S2-134011
	Spatial averaging of congestion
	Any claims indicating that the OAM “could” perform spatial averaging are speculative given that OAM specs do not mention spatial averaging as a function. As a result, it is not reasonable to conclude that spatial averaging functionality is not needed in the RCAF.

On the other hand, cell neighbourhood information is available via OAM functions (see TS 32.762 Evolved Universal Terrestrial Radio Access Network (E-UTRAN) Network Resource Model (NRM) Integration R eference Point (IRP); Information Service (IS)). Thus, spatial averaging can be easily performed by the RCAF.

One example where spatial integration needs to be performed by the RCAF is the case when intra-eNB mobility reporting is not activated so that the congestion related information of all cells of an eNB needs to be considered.

	4.
	S2-134011
	Load balancing
	Load balancing can be supported on RCAF implementation level.

	5.
	S2-134011
	Redundancy features
	Redundancy can be supported on RCAF implementation level.


Conclusion

In line with the discussion above, it is proposed to add the following text to TR 23.705.
* * * First Change * * * *

6.1.5.5.1

General description, assumptions, and principles

This solution addresses the key issue of "RAN user plane congestion awareness".
A new logical function entity, RAN Congestion Awareness Function (RCAF)), is added to report RAN User Plane Congestion Information (RUCI) to PCRF for the purpose of congestion mitigation. For this purpose the RCAF
-
collects raw user plane congestion information from the RAN OAM. The RAN OAM corresponds to OSS level features of the RAN operator (the RAN OAM is not assumed to be located within the ENB/RNC/Node B);
-
determines the list of impacted UE;
-
Integrates the RAN congestion status with an integration time fitting with Core Network mitigation tools (e.g. to provide the PCRF only information on sustained congestion );

-
Provides "spatial" integration of the RAN congestion information if the RUCI associated with a cell should depend on the congestion status in the neighbouring cells (e.g., in case intra-eNB mobility reporting is not activated);
The PCRF may then provide policies for congestion mitigation as illustrated in section 6.1.6.1.2.
6.1.5.5.2
High-level operation and procedures

6.1.5.5.2.1
Architecture
Figure 6.1.5.5.2.1-1 shows the proposed UPCON architecture.
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Figure 6.1.5.5.2.1-1: UPCON architecture.
The following reference points are added:

-
Np: The reference point between RCAF and PCRF. Over Np, RAN User Plane Congestion Information (RUCI) is sent from RCAF to PCRF.

-
Nq/Nq': Via Nq, the MME provides the RCAF with the list of UEs (IMSIs) in a given eNB ID/ECGI and for each of these IMSI(s) the APNs of the active PDN connections. The Nq' reference point between RCAF and SGSN is used, for a set of IMSI(s), to provide the RCAF with the list of APNs of the active PDN connections of each of these IMSIs. No congestion information is sent over Nq/Nq'.
The RCAF belongs to the RAN operator. In case of a RAN sharing (MOCN or GWCN) configuration, Np is an inter-operator reference point. In a MOCN configuration, Nq/Nq' is also an inter-operator interface. Whether Np and Nq/Nq' apply in these cases is subject to inter-operator agreements.

Based on the parameters and their values received from the RAN's OAM system, the RCAF reports the congestion level to the core network (e.g. PCRF). In a multi-vendor radio network, the RCAF is configured to perform the required normalization, if needed, before reporting the congestion level. This ensures that the congestion level have same semantics even in multi-vendor radio network in a given operator's network. In accordance with the reported congestion level, the operator configures the mitigation policies in the core network.
RAN User Plane Congestion Information (RUCI) is defined over Np and includes following information:

(1)
Congestion/abatement location information (e.g. ENB ID or Cell ID or 3G Service Area ID);
(2)
Congestion level;
(3)
The validity time of the information. When this time has elapsed and no further congestion information has been received, the congestion is assumed to be over.
(4)
IMSI.
The functionality of RCAF:

-
Collecting and processing RAN's cell congestion information from OAM;
-
Communicating with PCRFs serving the impacted UEs for RAN user plane congestion information reporting.

* * * Second Change * * * *

6.1.5.5.2.1
Architecture
Figure 6.1.5.5.2.1-1 shows the proposed UPCON architecture.
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Figure 6.1.5.5.2.1-1: UPCON architecture.
The following reference points are added:

-
Np: The reference point between RCAF and PCRF. Over Np, RAN User Plane Congestion Information (RUCI) is sent from RCAF to PCRF.

-
Nq/Nq': Via Nq, the MME provides the RCAF with the list of UEs (IMSIs) in a given eNB ID/ECGI and for each of these IMSI(s) the APNs of the active PDN connections. The Nq' reference point between RCAF and SGSN is used, for a set of IMSI(s), to provide the RCAF with the list of APNs of the active PDN connections of each of these IMSIs. No congestion information is sent over Nq/Nq'.
The RCAF belongs to the RAN operator. In case of a RAN sharing (MOCN or GWCN) configuration, Np is an inter-operator reference point. In a MOCN configuration, Nq/Nq' is also an inter-operator interface. Whether Np and Nq/Nq' apply in these cases is subject to inter-operator agreements.

RAN User Plane Congestion Information (RUCI) is defined over Np and includes following information:

(1)
Congestion/abatement location information (e.g. ENB ID or Cell ID or 3G Service Area ID);
(2)
Congestion level;
(3)
The validity time of the information. When this time has elapsed and no further congestion information has been received, the congestion is assumed to be over.
(4)
IMSI.
The functionality of RCAF:

-
Collecting and processing RAN's cell congestion information from OAM;
-
Communicating with PCRFs serving the impacted UEs for RAN user plane congestion information reporting.

6.1.5.5.2.2
Procedure to report RAN user plane congestion information to CN
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Figure 6.1.5.5.2.2-1: Procedure to report RAN user plane congestion information to CN.
1.
An event/report is sent to RCAF due to a change of radio node/cell user plane congestion status (a pre-configured congestion / congestion abatement threshold has been reached). This notification contains the indication of the affected area (e.g. ENB-ID or service area ID) as well as the congestion level; The RCAF may also solicit the RAN User Plane Congestion Information based on a configured interval. A (set of) RCAF is assumed to serve a geographical area.
2.
The RCAF determines the list of UEs impacted by the RAN Congestion in a cell. This is further described in sub-clause 6.1.5.5.2.3. The RCAF may, based on local policies, further process the information received from the RAN in order to build the RUCI, e.g. the RCAF may:

-
Integrate the RAN congestion status upon time (to provide the PCRF only with sustained congestion levels);
-
Provide "spatial" integration of the RAN congestion information if the RUCI associated with a cell may depend on the congestion status in the neighbouring cells (e.g., in case intra-eNB mobility reporting is not activated);
-
(for LTE) As many RAN features (carrier aggregation, CoMP, …) may involve multiple cells of an eNB and as intra-eNB mobility reporting is generally not activated (to save signalling), RUCI at eNB level may provide enough information. This does however not preclude RUCI reporting at cell level;
-
In case of Network sharing the RCAF and the PCRF belong to different operators. The RCAF may apply local policies related to the information it sends to PCRFs of different operators. 

-
The RCAF uses the IMSI to determine the PLMN of UE and hence whether it should apply local policies related to the information it sends to PCRFs of different operators.

-
The RUCI being sent may also depend on the relative RAN usage of the various operators sharing RAN resources.

3.
The RCAF reports the RUCI congestion status to PCRFs that are serving the impacted UEs. This is further described in sub-clause 6.1.5.5.2.4.
* * * Third Change * * * *

6.1.5.5.2.3
Determination of the list of UE impacted by a change of RUCI in a cell
When the RCAF has received RAN congestion information from the RAN OAM, the following applies: 
In case of EUTRAN, the RCAF subscribes onto the MME to get the list of UEs in the affected area. To achieve this, the RCAF constructs a TAI-based FQDN for MME discovery.

NOTE 1:
It is assumed that the RCAF receives the TAIs supported by the affected area from the RAN's OAM.

NOTE 2:
Based on the existing mechanism to discover an MME based on the TAI (see TS 29.303 subclause 5.4 [13]) it is assumed that a new Service Parameter for the Nq interface will be specified.

The RCAF receives the list of MMEs serving the TAIs supported by the affected area and establishes the Nq interface towards those MMEs. Once the Nq interface has been established the RCAF queries via Nq for the list of UEs in the affected area. The MMEs provide the list of IMSIs and the list of APNs of the active PDN connections of each of those IMSIs to the RCAF. The RCAF does not need to remember the list of IMSI(s) (and their activated APN) as it is refreshed each time the RCAF interacts with the MME.

NOTE 3:
The list of APNs of the UEs’ active PDN connections is leveraged to determine the serving PCRFs.

For EUTRAN, the RCAF also indicates whether it requests the list of UEs per ECGI or eNB ID. Consequently, depending on the level of granularity requested by the RCAF, the MME may need (or does not need) to activate location reporting over S1-AP.

NOTE 4:
Whether the RCAF requests the list of UEs per ECGI or eNB ID is based on local configuration.

In case of UTRAN, the RCAF is assumed to receive the list of UEs (IMSIs) impacted by a change of RUCI in a cell from the RAN’s OAM. The RAN OAM is assumed to have received this information from the RAN (the IMSI is sent by the SGSN over Iu in RANAP Common Id message). Thus, in UTRAN the RCAF queries the SGSN only for the APNs of the active PDN connections of a given impacted IMSI.

To achieve this, the RCAF constructs a RAI-based FQDN for SGSN discovery.

NOTE 5:
It is assumed that the RCAF receives the RAIs supported by the affected area from the RAN’s OAM.

NOTE 6:
Based on the existing mechanism to discover an SGSN based on the RAI (see TS 29.303 subclause 5.5.2 [13]) it is assumed that a new Service Parameter for the Nq' interface will be specified.

The RCAF receives the list of SGSNs serving the RAIs supported by the affected area and establishes the Nq' interface towards those SGSNs. Once the Nq' interface has been established the RCAF passes the list of UEs (IMSIs) in the congested area to the SGSNs. The SGSNs provide the list of APNs of the active PDN connections of each of the reported IMSIs to the RCAF.

NOTE 7:
The list of APNs of the UEs' active PDN connections is leveraged to determine the serving PCRFs.
NOTE 8:
The details of whether the RCAF needs to query the MME/SGSN regularly or whether the MME/SGSN updates the RCAF regularly without further explicit requests from the RCAF is up to Stage 3.

NOTE 9:
As both temporal and “spatial” integration are provided, the RUCI sent to the PCRF does not intend to provide the PCRF with information on the instantaneous congestion status in a given cell. This is in line with the fact that this information is to be used to act on a sustained congestion status in an area. It cannot be excluded that in some cases the PCRF still considers that a fast moving UE is in a congested area while the UE has already moved to a non-congested area.

NOTE 10:
In some scenarios the CN may not know all the cells / ENB a given UE is using (multi-site CA, small cells). As a consequence the RUCI reporting may not reflect the actual congestion status of all the cells from which the UE is currently using resources; however, the congestion status is typically assumed to be similar for the cells from which a UE consumes resources in case of CA, CoMP and small cells/dual connectivity.
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