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1. Introduction

In SA2#114, CR#2999 to 3GPP TS 23.401 that introduces stage 2 requirements for CIoT data rate control was agreed. This paper discusses the stage 3 impacts from these requirements and raises a few issues and concerns that CT1 needs to discuss and agree how to address.
2. Discussion

2.1 Background
The agreed CR#2999 to 3GPP TS 23.401 introduces Rate Control that consists of two separate mechanisms, Serving PLMN Rate Control and APN Rate Control. The intention is to allow control of the amount of user data sent to and from a specific UE. In the analysis part below, the details of the two are elaborated.
2.2. Analysis

2.2.1 Serving PLMN Rate Control
According to stage 2: “Serving PLMN Rate Control is intended to allow the Serving PLMN to protect its MME and the Signalling Radio Bearers in the E-UTRAN from the load generated by NAS Data PDUs”. This is achieved by allowing the MME to signal a maximum value of load allowed for user data transported via NAS, i.e. using CIoT User Plane optimizations. The maximum rate is signalled to the P-GW/SCEF and the UE at PDN Connectivity establishment and is expressed by a maximum number of data PDUs per a timer interval of 6 minutes (decihour). The UL and DL maximum rates are independent. The P-GW/SCEF is responsible to keep DL user data below the maximum DL limit, and the UE is responsible to keep UL user data below the maximum UL limit. Furthermore, the S-GW needs to be informed when Serving PLMN Rate Control is in use so that it can inform the P-GW when Control plane or User plane is in use for a specific PDN connection.
It is stated that the Serving PLMN may discard or delay user data exceeding the signalled maximum rate, thus it is understood that the MME may implement some kind of policing functionality to limit data sent by entities not following the signalled maximum rate.

The stage 2 text uses NAS Data PDU as the data unit for Serving PLMN Rate Control. The proposed correlation to CT1 specification is to use the data allowed to be included in a User data container in an ESM Data Transport message (either sent standalone or piggy backed in a Data Service Request message) as the unit for Serving PLMN Rate Control in CT1 stage 3 specification.

Proposal 1: For Serving PLMN Rate Control, the data unit to base the rate limit on is proposed to be number of User data container IEs per decihour.
The stage 2 requirements are based on rate control of NAS Data PDUs, which is then understood to apply to user data transported via Control plane. This implies that PDN connections using User plane for data transport are not subject to Serving PLMN Rate Control. Further, it implies that the data sent via User plane for PDN connections allowing data via both Control plane and User plane is not subject to Serving PLMN Rate Control. The latter case can be handled by the UE based on which way used data is sent, and by the P-GW based on the indication from the S-GW whether Control plane or User plane is in use for a specific PDN connection.
Further the stage 2 text informs via a note that the Serving PLMN Rate Control is intended for UEs that use single PDN connections, but normative text includes requirements for UEs that use multiple PDN Connections. The assumption is therefore that stage 3 cannot be limited to the single PDN connection case.
Observation 1: For Serving PLMN Rate Control the functionality specified in stage 3 cannot be limited to the single PDN case based on the stage 2 text agreed in CR#2999 to 23.401.
From a UE perspective the ability to apply Serving PLMN Rate Control for multiple PDN Connections seems possible using a single UL maximum rate. Also from an MME point of view, applying UL and DL maximum rates over multiple PDN connections seems doable. For the P-GW this however raises several concerns as it cannot be assumed that a single P-GW is used. Even if the total number of PDN connections is signalled to the P-GW this will not provide a reliable basis for the P-GW to control the DL user data. The following concerns can be noted for the multiple PDN case:
· P-GW is unaware of data sent via other P-GWs and estimating the allowed maximum rate using number of PDN connections is not precise;

· Correlation of data sent via separate PDN connection for the same UE using the same P-GW is needed;

· Update of PDN connection activation and deactivation is needs to be signalled for the other PDN connections of the UE;

The problems arising from using Serving PLMN Rate Control with multiple PDNs mostly impact CT3 and CT4, but if a modified solution is seen needed compared to what has been outlined by SA2 there might be impact to CT1, e.g. if Serving PLMN Rate Control needs to be applied per PDN connection also if multiple PDN connections are used. CT1 should discuss and consider the implications of using Serving PLMN Rate Control with multiple PDNs and identify if alternative solutions are possible. It can also be considered to limit the solution in Rel-13 and allow further study for an enhanced complete solution in Rel-14.
Proposal 2: It is proposed that CT1 discusses and considers the implications of using Serving PLMN Rate Control with multiple PDNs and attempts to identify if alternative solutions are possible and wanted.
2.2.2 APN Rate Control
According to stage 2 the APN Rate Control is a function that allows the HPLMN to limit the data load for a PDN Connection using a specific APN by signalling a maximum allowed UL rate to the UE. This maximum rate is signalled by the P-GW/SCEF and also the maximum DL rate the P-GW/SCEF intends to enforce can be signalled to the UE. The rate can be expressed in a few ways of amount of data per time unit. The APN Rate Control is to be applied for any data sent using the specific PDN connection independently of whether Control plane or User plane is used. The P-GW/SCEF is responsible to keep DL user data below the maximum DL limit, and the UE is responsible to keep UL user data below the maximum UL limit. The MME and eNB are transparent to this type of Rate Control.
Even though it is not explicitly said in the stage 2 text it is assumed that policing of the data load can be done, similar to the Serving PLMN Rate Control case, and data exceeding the signalled maximum rates can be discarded or delayed. In the case of APN Rate Control the policing needs to be enforced by the P-GW/SCEF.
The stage 2 text specifies the PCO to be used to transfer the APN Rate Control parameters between P-GW/SCEF and UE which would then be the CT1 impact for this function. A concern with the stage 2 requirement to use PCO is the issue with the PCO size limitation recently discussed in CT1 where it was identified that there are no good ways to handle legacy PCO if the amount of data needed in PCO exceeds the available 253 octets. The number of octets needed for APN Rate Control could be signalled and it is proposed that CT1 discusses whether PCO usage should be stretched further by adding APN Rate Control or if an alternative should be attempted.
Proposal 3: It is proposed that CT1 discusses if PCO should be used to signal APN Rate Control parameters as specified in CR#2999 to 23.401, or if CT1 should seek an alternative solution.
Once the parameters are made available to the UE, the usage of these seems straight-forward and applies to the PDN connection where the parameters are signalled. Update of the parameters seems needed and therefore signalling should be supported in several procedures, not only PDN Connectivity establishment. No inclusion of parameters results in already available values being maintained.
The stage 2 text also includes a requirement to support APN Rate control for different types of data priority, e.g. NB-IoT Exception Reports. Whereas such differentiation is possible in the UE for UL data, the P-GW/SCEF is unaware of the priority level used on the radio interface and the policing functionality in the P-GW/SCEF will be unable to enforce the correct levels unless enhanced priority level signalling is introduced. It is proposed whether it is possible to introduce the priority level signalling implied by the stage 2 requirements and what types of APN Rate Control differentiation is required.
Proposal 4: It is proposed that CT1 discusses whether APN Rate Control per priority type is possible and wanted and identify what impacts follows from the preferred solution.
2.2.3 Rate Control dependencies

The above analysis of the two types of rate control specified in stage 2 shows that different use cases are addressed and thereby there are different scopes how the maximum rates are applied. The UE needs to apply Serving PLMN Rate Control on an aggregation of the sent NAS messages with user data and APN Rate Control on all data for a specific PDN connection. The same applies for the P-GW/SCEF (with the issues for multiple PDN connections as indicated above). The MME only needs to handle Serving PLMN Rate Control as it is transparent to APN Rate Control. S-GW is only impacted by Serving PLMN Rate Control where it needs to be aware of the function being used and indicate changes in Control plane path versus User plane path to the P-GW. None of the functions is applicable for eNB.
It is assumed that both rate control functions can co-exist and be used simultaneously for a specific UE, if needed. The rate control that is first to reach its allowed maximum rate is the limiting factor on the user data applicable to rate control. It is possible that a different rate control function can be the limiting rate control at different times depending of e.g. data size contained in NAS messages and whether Control plane or User plane is in use. Therefore no dependency can be seen that would need to be captured in the specification of the two alternatives.
Observation 2: No dependencies between Serving PLMN Rate Control and APN Rate Control can be identified and the two can be specified independently.

4. Proposal

In the analysis part above a number of observations and proposals are indicated. CT1 should discuss to be able to conclude on an agreed way forward to specify the rate control functionality as required in stage 2. These are the following:
Proposal 1: For Serving PLMN Rate Control, the data unit to base the rate limit on is proposed to be number of User data container IEs per decihour.
Observation 1: For Serving PLMN Rate Control the functionality specified in stage 3 cannot be limited to the single PDN case based on the stage 2 text agreed in CR#2999 to 23.401.
Proposal 2: It is proposed that CT1 discusses and considers the implications of using Serving PLMN Rate Control with multiple PDNs and attempts to identify if alternative solutions are possible and wanted.
Proposal 3: It is proposed that CT1 discusses if PCO should be used to signal APN Rate Control parameters as specified in CR#2999 to 23.401, or if CT1 should seek an alternative solution.

Proposal 4: It is proposed that CT1 discusses whether APN Rate Control per priority type is possible and wanted and identify what impacts follows from the preferred solution.
Observation 2: No dependencies between Serving PLMN Rate Control and APN Rate Control can be identified and the two can be specified independently.

Appropriate action should be taken by CT1 based on the outcome of discussing the above proposals and observations.

Three CRs have been provided to propose a possible implementation of Serving PLMN Rate Control and APN Rate Control. The CRs can be found in:

C1A160012, “Serving PLMN rate control”

C1A160013. “Procedures for APN Rate Control”

C1A160014, “PCO parameters for APN Rate Control”
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