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1
Introduction

Recently SA2 has agreed that in EPS a single APN may be used to support/connect to multiple PDNs. This paper discusses the EPS QoS enforcement solutions for non-GBRs connecting multiple PDNs via a single APN. 
2
Discussion

To support multiple PDN connectivity in the EPS, the following specs on Non-GBR QoS Enforcement via AMBRs have defined [1].

· Two types of UE subscribed AMBRs (stored in HSS) are defined: APN-AMBR (UL and DL) and UE-AMBR (UL and DL).

· UL enforcement point for the APN-AMBR is the PDN GW and the UE.

· DL enforcement point of the APN-AMBR is the PDN GW.

· UL and DL enforcement point for UE-AMBR is the E-UTRAN. 

· The subscribed UE-AMBR is considered as an upper limit. The used per UE-AMBR is calculated by the MME based on MIN (subscribed UE-AMBR, sum (APN-AMBR of all active APNs)).

It is assumed that an APN (access point name) is a presentation of a PDN (packet data network). Therefore, an APN-AMBR is particularly associated with a subscribed PDN and it is used for the QoS enforcement of the PDN. Recently, it has been agreed by 3GPP that a single APN can be used to support/connect to multiple PDNs. Particularly in the sub-clause 5.10.1 on Multiple PDN Connectivity Support of TS23.401 it states the following specifications:
The EPS shall support simultaneous exchange of IP traffic to multiple PDNs through the use of separate PDN GWs or single PDN GW. The usage of multiple PDNs is controlled by network policies and defined in the user subscription.
All simultaneous active PDN connections of a UE that are associated with the same APN shall be provided by the same P‑GW.
Notice that if the UE connects multiple subscribed PDNs via a same APN, it shall be an issue on how to use the single APN-AMBR associated with the APN for the QoS enforcements for the non-GBR bearers connecting to the multiple PDNs.   From operation point of view, if an APN is associated with multiple PDNs, depending on the configuration and application, for each of the associated PDNs, the bit rate should be controlled and properly utilized. This PDN bit rate control shall be related to the APN-AMBR.  Though it could be the operator’s choice, the generic rules should be specified for guidance in case of the situation in which one or some of PDNs may not be allocated bit rates for the UE to use.

3. Proposals
In this paper, we propose to choose between one of two alternative solutions to the single APN supporting multiple PDN issue in EPS as follows:  

Proposed Solution Option 1: Subscription using PDN-AMBR. As the non-GBR bearer connections between the UE and the multiple PDNs can be through a same APN or through separated APNs, it shall be more clear and easy for subscription and QoS enforcement implementation to associate a PDN-AMBR for each subscribed PDN and to replace all the contexts of APN-AMBR in the EPS specs [1][2] and other related TSs by PDN-AMBR.

Solution Option 1 is based on the assumption that HSS should have information on all the UE subscribed PDNs.
Proposed Solution Option 2: Subscription using APN-AMBR as current. In this case if the UE has multiple subscribed PDNs associated with a same APN, the QoS enforcement using the APN-AMBR for the non-GBRs of the active PDNs associated with the APN shall obey the following rules:

· The non-GBRs of the active PDN may make use of the entire APN-AMBR if no other subscribed PDN associated with the APN is active.

· The total bit rate limit of the non-GBRs of all the active PDNs associated with the APN shall be capped by the APN-AMBR. 

· If the difference between the APN-AMBR and the total bit rate limit of the non-GBRs of all the active PDNs is greater than a specified threshold, to prevent packet drops and network resource wastes, the APN-AMBR for use shall be set to the total bit rate limit of the non-GBRs of all the active PDNs. This newly adjusted APN-AMBR shall be sent to the PGW and the UE and it shall be used for QoS enforcement.

· The bit rate limit of the non-GBRs of any active PDN associated with the APN can be assigned based on the active PDNs associated with the APN. 

· The bit rate limit of the non-GBRs of any active PDN associated with the APN can be re-assigned when activating (or connecting to) a new PDN and/or deactivating (or disconnecting) an existing PDN associated with the APN. 
Notice that in proposed Solution Option 2:

(1) The PDN-AMBR and the APN-AMBR can be the subscribed or modified in real time. 

(2) The purpose of using the threshold is that it is not desirable to change the APN-AMBR very frequently or it is not necessary to make a change for every adding or dropping a PDN. A proper threshold shall reduce the APN-AMBR changing frequency also keep the good network resource utilization w.r.t. APN-AMBR enforcement.

(3) The PGW can be the network element (NE ) for APN-AMBR adjustment and the bit rate assignment/change handling for the APN associated PDNs. It could be possible also for the other NEs in the EPS to implement the same functions.  

4.
Conclusion

Two possible (alternative) solutions are proposed for EPS QoS enforcement for non-GBRs connecting to multiple PDNs via a single APN. Alternative 1 requires replacing APN-AMBR with PDN-AMBR. Alternative 2 shall maintain the current specifications on APN-AMBR with the proposed special handling functions.
We will be happy to provide the CRs on the agreed proposal. The CR for Option 1 requires many context changes in EPS specifications. The CR for Option 2 is ready.
5.
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