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Abstract of the contribution: This contribution clarifies some FFS of the C-plane signalling for RAN user plane congestion awareness in the TR 23.705.
1. Introduction

In solution 1.2 in TR 23.705, there are some open issues to be clarified for the C-plane signalling for RAN user plane congestion awareness solution. The contribution addresses some FFS for the solution 1.2 in TR 23.705
2. Discussion
2.1 Clarification of terminologies 
In this section, the meaning of the following terminologies used in Solution 1.2 is described.

RAN user plane congestion information (RCI): This is the information about RAN user plane congestion, e.g., congestion level, uplink/downlink user plane congested direction. The RCI can be classified into different granularities, for example, as follows: 
· EPS bearer level RCI: The EPS bearer level RCI describes the congestion for every single EPS bearer.
· Cell level RCI: The cell level RCI describes the congestion for a cell.
RCI signalling: The signalling is used as the means for conveying RCI from RAN to CN. The signalling can be done on a per EPS bearer basis or in an aggregate way as described below. 
· EPS bearer level RCI signalling: The RCI will be conveyed from the RAN to the CN for each EPS bearer. For instance, if RCI is specified on a cell level basis, a signalling message will be sent per EPS bearer even if all messages include the same RCI. The number of signalling messages is equal to the number of EPS bearers that are being served by the same cell.
· Aggregating RCI signalling: A single signalling message contains the RCI for multiple EPS bearers belonging to the same UE or even the RCI for EPS bearers of multiple UEs that are served by the same cell.
Choosing aggregating signalling or EPS bearer signalling does not have any impact on the RCI that is conveyed from the RAN to the CN.

EPS bearer level RCI and cell level RCI can be both conveyed from RAN to CN using either EPS bearer level RCI signalling or aggregating RCI signalling.

Conclusion 1: It is proposed to add texts for clarification of terminologies for “RAN user plane congestion information (RCI)” and “RCI signalling”.

2.2 Policy for RCI signalling
Section 6.1.5 of TR 23.705 proposes to use EPS bearer level RCI signalling. However, it is still open whether RCI shall be sent for all EPS bearers of all UEs in a cell or whether there are certain criteria to select EPS bearers for RCI signalling. 
From an operator’s view, it is advantageous if an operator is able to select for which EPS bearer the PCRF or the PCEF would like to receive RCI in order to trigger CN-based mitigation measures. 
For instance, when the cell is congested, an operator wants to apply a CN-based congestion mitigation measure (e.g., to block or to throttle a specific traffic under a certain RAN user plane congestion level) to the traffic delivered over the default bearer (QCI 9) and not to the traffic delivered over a dedicated non-GBR bearer. In this case, EPS bearer level RCI signalling is only required for the default bearer and not for the dedicated non-GBR bearer. Although, at present, the number of dedicated non-GBR bearers might be minority of EPS bearers in the mobile network, this may change dependent on development of smart phone and new services that an operator is going to deploy. Hence, it is difficult to say that the number of dedicated non-GBR bearers will still be a minority of overall bearers in the network. For instance, when operators deploy VoLTE services delivered over the dedicated non-GBR bearer, operator may not want to have RCI signalling for such bearer. 
As a second example, an operator foresees CN-based congestion mitigation measures only for a part of the traffic transported via a default bearer, e.g., for high-demanding applications such as YouTube. In this case, an operator establishes two QCI 9 bearers, in which one QCI 9 bearer carries the traffic subject to congestion mitigation, and another QCI 9 bearer carries the traffic that are not subject to congestion mitigation. EPS bearer level RCI signalling is only activated for the QCI 9 bearer subject to congestion mitigation.
Figure 2.2.1 depicts an example, where the PCRF sends a policy for “RCI signalling” to the eNodeB indicating that the eNodeB shall send a RCI signalling only for the EPS bearer#1. 
The policy for “RCI signalling” can be configured either statically or dynamically. 
· Dynamic configuration: The policy for “RCI signalling” shall be included in the EPS bearer context information. 
· Static configuration: The policy for “RCI signalling” is pre-defined and stored in advance at the eNodeB and the MME, for example, via the OAM plane or manually configured when deploying the eNodeB and the MME. 

Static configuration works for having no RCI signalling for GBR/dedicated non-GBR bearers, as the decision is based on QCI. Whereas, dynamic configuration works for both simple traffic differentiation based on QCI and more sophisticated traffic differentiation as described in the second example aforementioned.
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Figure 2.2-1:  Example of provisioning policy for RCI signalling
It shall be noted that policy for “RCI signalling” is not used to configure eNodeB to send either an EPS bearer level RCI signalling or an aggregating RCI signalling. Policy for “RCI signalling” is used to activate or deactivate the RCI signalling for the EPS bearer. 
In addition to activating or deactivating the RCI signalling, the policy for “RCI signalling” may contain further information about the condition that triggers the eNodeB to send a RCI signalling message. Conditions are, for example:

· Minimal bit rate of incoming traffic carried over the EPS bearer: Some Internet EPS bearer may transport a little amount of traffic, e.g., chatting, web-browsing. Operator may decide not to apply a congestion mitigation measure for this traffic delivered over the EPS bearer in the core network. The goal for having this threshold is to avoid RCI signalling overload to the core network. In particular, having the RCI signalling over this EPS bearer may not lead to any decision at the PCEF/PCRF. Avoiding such RCI signalling message already in the RAN would reduce signaling and processing in the core significantly. 
· Minimal congestion level that an operator is interested in for the given bearer: For the given EPS bearer, an operator may not be interested in knowing congestion level 1 and 2, but only interested in congestion level 3 to be reported to the CN. 

Advantages of having such policy for RCI signalling are:

· Allowing an operator to specify that RCI is signalled only for those EPS bearers subject to RCI-based congestion mitigation measure.

· Allow an V-PLMN operator to control its network whether the RCI of its network shall be reported to other operators.

· Reduction of signalling load introduced to the network for the case that the RAN user plane congestion notification is done via a C-plane interface.

· Reduction of the computational/processing load of network entities (recipient of RCI, e.g., PCRF or PCEF) that need to process RCI in order to make decisions on the congestion mitigation measure to be applied. Note that this advantage is for both GTP-U and C-plane based congestion awareness solution.
Conclusion 2: Depending on the operator’s congestion mitigation policy, it may not be necessary to have “RCI signalling” for all EPS bearers. An operator shall be able to specify policy for RCI signalling for individual EPS bearers, e.g., activating or deactivating the RCI signalling for the EPS bearer. According to the policy for RCI signalling, the eNodeB sends the RCI to the PCRF only for those EPS bearers that have “RCI signalling” activated. It is recommended that GBR bearers shall not be configured to be notified about the RCI. It shall be also noted that the policy for “signalling for RCI” is applicable for both GTP-C and GTP-U based solutions for congestion awareness. 
2.3 Aggregating RCI signalling 

Section 6.1.5 of TR 23.705 proposes to use EPS bearer level RCI signalling. This means eNodeB sends a RCI signalling message for every single EPS bearer to the MME over S1-MME interface, and MME then sends a RCI signalling message for every single EPS bearer to the PCRF over S11, S5/S8 and Gx interfaces. Consequently, this leads to a high number of signalling introduced to the network. 

To reduce signalling load, an aggregating RCI signalling is proposed. In context of UPCON, there are two types of aggregating RCI signalling that can be used to convey RCI information from the RAN to the CN as described below:

· Single-UE aggregating RCI signalling: Single signalling message that contains RCI for multiple EPS bearers belonging to the same UE. 
· Multi-UE aggregating RCI signalling: Single signalling message that contains RCI for multiple EPS bearers of multiple UEs that are served by the same cell

Example of single-UE aggregating RCI signalling and multi-UEs aggregating RCI signalling are shown in Table 1. In this example, it is assumed that eNodeB shall send RCI signalling for the bearer with QCI 8 and QCI 9. If an operator does not wish to receive RCI signalling for QCI 8, then aggregating signalling will not contain RCI for bearer with QCI 8. Also, it is assumed that the RCI is the information specific for all bearers with the same QCI class (EPS-bearer level RCI), and hence, bearers with different QCI class experience different level of congestion.
Table 1: 1st example of single-UE/multi-UE aggregating RCI signalling
	Single-UE aggregating RCI signalling
	Multi-UE aggregating RCI signalling

	Bearer ID
	Congestion level
	UE-ID
	Bearer ID
	Congestion level

	1 (QCI 8)
	Low
	1
	1.1 (QCI 8)
	Low

	2 (QCI 9)
	High
	1
	1.2 (QCI 9)
	High

	
	
	2
	2.1 (QCI 8)
	Low

	
	
	2
	2.2 (QCI 9)
	High


Alternatively, the RCI can be defined as an information that represents the whole cell congestion status regardless of QCI class (cell-level RCI) as shown in Table 2. In this case, eNodeB sends the RCI with the same congestion level for both QCI 8 and QCI 9 bearers.

Table 2: 2nd example of single-UE/multi-UE aggregating RCI signalling
	Single-UE aggregating RCI signalling
	Multi-UE aggregating RCI signalling

	Bearer IDs
	Congestion level
	UE-ID
	Bearer IDs
	Congestion level

	1 (QCI 8), 2 (QCI 9)
	Low
	1
	1 (QCI 8), 2 (QCI 9)
	Low

	
	
	2
	1 (QCI 8), 2 (QCI 9)
	Low


Note that examples in Table 1 and 2 only show possible format of single-UE aggregating RCI signalling and multi-UE aggregating RCI signalling. It is not intended to specify exact format of RCI to be included in the aggregating RCI signalling message.
For deployment of aggregating RCI signalling in EPS architecture, it is possible that S1-MME, S11 and S5/S8 interfaces use only a single-UE aggregating RCI signalling, or only a multi-UE aggregating RCI signalling, or a combination of both as shown in Table 3. 
Table 3: Possible deployments of aggregating RCI signalling in EPS architecture
	Aggregating signalling option
	EPS interfaces

	
	S1-MME
	S11, S5/S8

	Option 1
	Single-UE aggregating RCI signalling
	Single-UE aggregating RCI signalling

	Option 2
	Multi-UE aggregating RCI signalling
	Single-UE aggregating RCI signalling

	Option 3
	Multi-UE aggregating RCI signalling
	Multi-UE aggregating RCI signalling


From technical point of view, it is obvious that multi-UE aggregating RCI signalling has much less signalling load than single-UE aggregating RCI signalling. However, having one single message for multiple UEs also has more impact to the standardized EPS architecture, protocol, interfaces and network entities. In particular, current GTP-C protocol between PGW, SGW and MME is designed for either per-EPS bearer basis or per-IP-CAN basis. Hence, current GTP-C does not allow to have a generic signalling tunnel that is used to convey a C-plane signalling that carries RCI for multiple UEs. 
In contrast, S1-AP protocol for signalling over S1-MME interface is not bound to such tunnelling or per-EPS or per-UE basis. This gives flexibility to enhance the S1-AP protocol (a new procedure) to support a multi-UE aggregating RCI signalling. 
Conclusion 3: In order to reduce signalling load introduced to the network while minimizing the impact on EPS architecture, standardized interfaces and network entities, it is proposed to use a multi-UE aggregating RCI signalling for the S1-MME and a single-UE aggregating RCI signalling for S11 and S5/S8 interfaces.
3 Proposal 
Based on the discussion in the previous sections, it is proposed to capture the following conclusions in the section 6.1.5 of TR 23.705:
· Clarification of terminologies: “RAN user plane congestion information (RCI)” and “RCI signalling”

· Configuration of each EPS bearer whether the RCI signalling shall be sent for the EPS bearer.
· Aggregating RCI signalling to be sent from RAN to CN
The following changes are proposed to be added in the TR 23.705.
***************** Start of 1st changes **********************

6.1.5
Solution 1.2: C-plane Signalling for RAN user plane congestion notification to the Core Network

6.1.5.1
Clarification of terminologies

RAN user plane Congestion Information (RCI): This is the information about RAN user plane congestion, e.g., RAN user plane congestion level, RAN user plane congested direction (radio uplink/downlink). 
RCI signalling: The signalling is used as the means for conveying RCI from RAN to CN. The signalling can be done on a per EPS bearer basis or in an aggregate way as described below. 

· EPS bearer level RCI signalling: RCI will be conveyed from the RAN to the CN for each EPS bearer. For instance, if RCI is specified on a cell level basis, a signalling message will be sent per EPS bearer even if all messages include the same RCI. The number of signalling messages is equal to the number of EPS bearers that are being served by the same cell.
· Aggregating RCI signalling: A single signalling message contains the RCI for multiple EPS bearers belonging to the same UE or even the RCI for EPS bearers of multiple UEs that are served by the same cell.

NOTE 1: 
The details of “aggregating RCI signalling” are described in clause 6.1.5.3.2.

6.1.5.2
General description, assumptions, and principles

This solution addresses the key issue on “RAN User Plane congestion awareness”. 
This solution provides an aggregating RCI signalling mechanism for the RAN to report the RCI to the CN by using:

· Existing C-plane signalling interfaces: S1-MME, S11, S5/S8, Gx, Rx, and Sd; and
· Existing C-plane signalling protocols: S1-AP, GTP-C and DIAMETER.
When the eNodeB is congested, the eNodeB sends the RCI to the PCRF via the MME, the SGW and the PGW. The PCRF then decides whether to initiate the IP-CAN Session Modification procedure in order to assist the RAN to mitigate the RAN user plane congestion situation. In addition the PCRF decides whether to forward the RCI to the AF and TDF.


Depending on the operator’s congestion mitigation policy, it may not be necessary to have “RCI signalling” for all EPS bearers. An operator shall be able to specify policy for RCI signalling for individual EPS bearers, e.g., activating or deactivating the RCI signalling for the EPS bearer. According to the policy for RCI signalling, the eNodeB sends the RCI to the PCRF only for those EPS bearers that have “RCI signalling” activated.
NOTE 2:
Policy for RCI signalling is not used to configure eNodeB to send either an EPS bearer level RCI signalling or an aggregating RCI signalling. Policy for RCI is used to activate or deactivate the RCI signalling for the EPS bearer. Choosing which EPS bearer to be activated for RCI signalling is out of scope of solution, since it is operator and vendor specific.
Policy for “RCI signalling” can be configured either statically or dynamically. 
· Static configuration: The policy for “RCI signalling” is pre-defined and stored in advance at the eNodeB and the MME, for example, via the OAM plane or manually configured when deploying the eNodeB and the MME.
· Dynamic configuration: The policy for “RCI signalling” is decided by the PCRF and can be updated dynamically. The policy for “RCI signalling” shall be included in the EPS bearer context information. 
In this solution, only the dynamic configuration for EPS bearer level RCI signalling is discussed, since static configuration for EPS bearer level RCI signalling is not necessarily to be standardized. 


Editor’s Note: Whether the RAN user plane congestion information is forwarded to the PCRF, and if and how the case of pre-configured mitigation policy at the PCEF/TDF works, where the PCRF provides a policy to the PCEF or TDF to mitigate the RAN user plane congestion in advance to the reception of the RAN user plane congestion notification from the eNodeB, is FFS. 

The policy for “RCI signalling” shall include “Reporting action for RCI signalling (e.g., start, stop)”. To further reduce RCI signalling messages and to avoid unnecessary RCI signalling messages that may not lead to any decision at the PCEF/PCRF, the policy for “RCI signalling” may include conditions that trigger the eNodeB to send a RCI signalling message:

· Minimal bit rate of incoming traffic carried over the EPS bearer: Operator may decide not to apply a congestion mitigation measure for the EPS bearer that carries little amount of traffic (e.g., chatting), and thus no RCI signalling for such EPS bearer.
· Minimal congestion level that an operator is interested in for the given EPS bearer.
The RCI should include:
· Congestion level;
· User identity (e.g., eNB UE S1AP ID and MME UE S1AP ID on S1-MME interface, IMSI on S11, S5/S8 and Gx interfaces );
· EPS bearer ID;
· Direction of user plane congestion (e.g., radio uplink, radio downlink);
· Optionally user location information (e.g., Cell ID); 
NOTE 3: 
How the congestion level is specified is out of scope of the solution description. 
6.1.5.3
High-level operation and procedures
The solution consists of two procedures:

· Procedure for dynamic configuration of policy for RCI signalling from the PCRF to the eNodeB
· Procedure for “RCI signalling” from the eNodeB to the PCRF
6.1.5.3.1 
Procedure for dynamic configuration of policy for “RCI signalling” 
The following procedures specified in TS 23.401 are used to convey the policy for “RCI signalling” from the PCRF to the eNodeB. 
· Procedure for E-UTRAN Initial Attach (subclause 5.3.2.1): In step 14 to 17, the policy for “EPS bearer level RCI signalling” is included in the EPS bearer context information. 

· Procedure for Dedicated bearer activation (subclause 5.4.1): In step 1 to 4, the policy for “EPS bearer level RCI signalling” is included in the EPS bearer context information.

· Procedure for PDN GW initiated bearer modification with bearer QoS update (subclause 5.4.2.1): In step 1 to 4, the policy for “EPS bearer level RCI signalling” is included in the EPS bearer context information. 
· Procedure for UE requested PDN connectivity (subclause 5.10.2): In step 4 to 7, the policy for “EPS bearer level RCI signalling” is included in the EPS bearer context information.

The procedures mentioned above are mainly used for conveying policy for RCI signalling when establishing a new EPS bearer or when modifying QoS parameters of existing EPS bearers. 
If an operator decides to only update the policy for “RCI signalling” of existing EPS bearer, e.g., from deactivating to activating the RCI signalling, or vice versa, a new procedure as shown in the Figure 6.1.5.3.1-1 is needed. 
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Figure 6.1.5.3.1-1:  Updating policy for “RCI signalling” 

1) Based on the operator’s policy, the PCRF decides to activate the “RCI signalling”. 
2) The PCRF sends the EPS bearer context information with the policy for “RCI signalling” to the PGW. 

3) The PGW forwards the EPS bearer context information with the policy for “RCI signalling” to the SGW. 
4) The SGW forwards the EPS bearer context information with the policy for “RCI signalling” to the MME. The MME stores the policy.

5) The MME forwards the EPS bearer context information with the policy for “RCI signalling” to the eNodeB. The eNodeB stores the policy.
Figure 6.1.5.3.1-1 depicts an example for activating RCI signalling. For deactivating the “RCI signalling” of the EPS bearer, the same procedure as described in Figure 6.1.5.3.1-1 is applied. The only difference is that the “Reporting Action” for the policy for “RCI signalling” is to be set to “Stop” instead.

For the case of intra E-UTRAN handover, the same procedures as specified in sub-clause 5.5.1 in TS 23.401 are used to transfer the EPS bearer context information, which includes the policy for “RCI signalling”, from the source eNodeB to the target eNodeB. 
For the case of home routed roaming, when MME receives the policy for RCI signalling message from the SGW, MME shall figure out whether the UE is served by a PGW in a different PLMN (e.g. looking into the APN information). According to the roaming agreement between VPLMN and HPLMN operators, MME decides whether to further provision the policy to eNodeB. If RCI signalling is not allowed to be shared with the HPLMN operator, MME shall discard the policy for “RCI signalling” received from SGW.
6.1.5.3.2 
Procedure for aggregating RCI signalling
Figure 6.1.5.3.2-1 illustrates the procedure for conveying RCI to the CN. 
1) The eNodeB monitors its RAN user plane congestion situation and detects whether it is congested or not. 

2) Once RAN user plane congestion is detected, the eNodeB sends the RCI to the MME by a new S1-AP message or via a new information element in an existing S1-AP message. RCI delivered over S1-MME includes:

· Congestion level; 

· List of user’s identities (eNB UE S1AP ID and MME UE S1AP ID) of UEs that are located in the same cell and have “RCI signalling” activated at least for one EPS bearer;
· EPS bearer ID(s) of UEs that have RCI signalling activated;

· Direction of user plane congestion (e.g., radio uplink, radio downlink).
3a) For each UE in the list sent by the eNodeB, the MME figures out which EPS bearer ID is served by which SGW and notifies the SGW about the RCI by a new GTP-C message or by a new parameter in an existing GTP-C message. RCI delivered over S11 includes congestion level, user identity (IMSI), EPS bearer ID(s), direction of user plane congestion (e.g., radio uplink, radio downlink), optionally user location information (e.g., Cell ID).
NOTE 4: 
In case that the UE is served by multiple SGWs, the number of the RCI signalling message(s) should be equal to the number of SGWs serving this UE.
3b) The SGW acknowledges the notification of RCI to MME.
4a) The SGW figures out which EPS bearer ID is served by which PGW and notifies the PGW about the RCI by a new GTP-C message or by a new parameter in an existing GTP-C message. RCI delivered over S5/S8 includes congestion level, user identity (IMSI), EPS bearer ID(s), direction of user plane congestion (e.g., radio uplink, radio downlink), optionally user location information (e.g., Cell ID).
NOTE 5: 
In case that the UE is served by multiple PGWs, the number of the RCI signalling message(s) should be equal to the number of PGWs serving this UE via this SGW.

4b) The PGW acknowledges the notification of RCI to SGW.

5a) The PGW notifies the PCRF about the RCI.

5b) The PCRF acknowledges the notification of RCI to PGW.

6) The PCRF makes a decision on how to mitigate the RAN user plane congestion and may initiate IP-CAN Session Modification procedure in order to provide mitigation policies to the PCEF/TDF or decides to forward the RCI to the AF and/or TDF.
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Figure 6.1.5.3.2-1:  Procedure for RAN user plane congestion notification from the RAN to the CN

In case that the RAN user plane congestion level is changed or abated, the same procedure as described in Figure 6.1.5.3.2-1 is applied. The only difference is that the value for Congestion level parameter is now set with a new value. 

For the case of intra E-UTRAN handover, the same procedures as specified in sub-clause 5.5.1 in TS 23.401 [8] are used to transfer the bearer context information from the source eNodeB to the target eNodeB. This enables the target eNodeB to know whether the RCI shall be reported to CN for the newly handover UE. 
For the case of a UE which performs the Service Request procedure, as specified in sub-clause 5.3.4.1 in TS 23.401 [8], and connects to the congested eNodeB, the congested eNodeB uses the same procedure as described in Figure 6.1.5.3.2-1 to report the RCI to the PCRF.  
Editor’s Note: Supporting of PMIP-based S5/S8 is FFS.

6.1.5.4
Impact on existing entities and interfaces

6.1.5.5
Solution evaluation
***************** End of 1st changes **********************
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