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1
Introduction
In this paper the AMBR enforcement issues w.r.t. the new AMBR definitions agreed by SAE #64 are discussed. 

2
Discussion
In SAE #64 for Non-GBR (NBR) QoS, it has been agreed to have the following AMBR definitions:
For each UE subscribed APN, it has

· per APN Aggregate Maximum Bit Rate (APN-AMBR).

The DL enforcement of APN-AMBR is done by the PDN Gateway (P-GW) of the APN. It is FFS where UL enforcement of APN-AMBR is performed (FFS1).

And each UE is associated with the following bearer level QoS parameter:

     -      per UE Aggregate Maximum Bit Rate (UE-AMBR).

It limits the aggregate bit rate that can be expected to be provided across all Non-GBR bearers of a UE. It is FFS where UL and DL enforcement of UE-AMBR is performed (FFS2). 
Due to the fact that is FFS where the UE-AMBR/APN-AMBR are enforced, it is also FFS whether UE-AMBR and/or APN-AMBR need to be transferred over the S1_MME (FFS3).

Our opinions on the FFSs are as follows

Regarding FFS1, the UL enforcement of APN-AMBR should be done by the eNB as the eNB can connect to multiple MMEs and PDN GWs, and also the eNB has its bandwidth usage information. 
Regarding FFS2 the enforcement of UE-AMBR should be performed by both eNB and the PDN GWs .   
Regarding FFS3, the UE-AMBR and/or APN-AMBR should be transferred over the S1_MME in order for the eNB to perform the UE-AMBR and the APN-AMBR QoS enforcement. 
Currently the relationship between UE-AMBR and APN-AMBR has not been specified. A UE-AMBR could be equal to or not equal to the sum of the APN-AMBRs. Due to possible multiple PDN connections by one UE, the rate enforcement based on UE-AMBR (e.g., UL UE-AMBR enforcement at eNB) does not guarantee the rate conformance based on APN-AMBR at P-GW and vice versa. One possible solution could be that the hand-shaking between eNB and P-GW determines an agreed AMBR for rate enforcement based on the UE-AMBR and the APN-AMBR in real time. Alternatively, the procedure for QoS modification can be used to dynamically update the UE-AMBR and APN-AMBR based on network resource usage. 
In deployment the APN-AMBR could be the cases as follows: 

(1) AMBR per APN

(2) AMBR per a group of APNs
(3) no strict AMBR limit for some of the APNs

In other words for UL per APN-AMBR enforcement, it shall be better to be flexible being able to handle the different cases including per UE-AMBR, per APN-AMBR, per group APN-AMBR, and non-limit per APN-AMBR in real time according to the resource utilization of the eNB and the P-GW. Or the Dynamic AMBR principle shall be applied. 
3. Proposals
(1) Modify the existing PDN GW initiated bearer modification with QoS modification procedure to support non-GBR DL QoS Enforcement DL (to be shown in the corresponding CR) 
(2) In addition, establish a new procedure of eNB initiated bearer modification procedure with QoS modification for non-GBR UL QoS Enforcement. 

eNB intiated Bearer Modification with QoS modification procedure for non-GBR UL QoS Enforcement (New and prepared for the corresponding CR)
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1.  At the eNB, when an AMBR change decision is made, the eNB sends the Bearer Modify Request message to the MME with the new eNB_AMBR. 

2.
The MME sends the Update Bearer Request (PTI, EPS Bearer Identity, Bearer QoS, UL TFT) message with the new eNB_AMBR to the serving gateway. 

3.
The serving GW generates message with the new eNB_AMBR to the PDN GW. 
4.
At the PDN GW, if the dynamic PCC is deployed, the PDN_GW sends a PCC decision provision (QoS policy) update message to the PCRF with the new eNB_AMBR. 

5. If the dynamic PCC is deployed, the PCRF shall respond to the PDN GW with the determined PCC rules by sending a Provision update ACK message.  

6. If the dynamic PCC is deployed, the PDN GW shall modify the EPS bearer based on the newly issued PCC rules. Otherwise the PDN GW shall modify the non_GBR EPS bearer using the new APN_AMBR determined by the following:

       If the new eNB_AMBR < current APN_AMBR for the UE, it shall set new APN_AMBR=new     eNB_AMBR. Otherwise the PDN GW shall try to map the new APN_AMBR to the new eNB_AMBR based on its real time bandwidth utilization. 

       The PDN GW generates the UL TFT and updates the Bearer QoS to match the aggregated set of     service date flows. The PDN GW then sends the Update Bearer Response (PTI, EPS Bearer Identity, Bearer QoS, UL TFT) message with the new APN_AMBR to the Serving GW. 

7.
The Serving GW sends the Update Bearer Response (PTI, EPS Bearer Identity, Bearer QoS, UL TFT) message with the new APN_AMBR to the MME. 
8.
The MME builds a Session Management Configuration IE including the PTI and the DL TFT and EPS Bearer Identity. If the UE has UTRAN or GERAN capabilities, the MME uses the EPS bearer QoS information to derive the corresponding PDP context parameters QoS Negotiated (R99 QoS profile), Radio Priority and Packet Flow Id and includes them in the Session Management Configuration. If the UE indicated in the UE Network Capability it does not support BSS packet flow procedures, then the MME shall not include the Packet Flow Id. The MME then sends the Bearer Modify Response (EPS Bearer Identity, Bearer QoS, Session Management Configuration) message to the eNB with the new APN_AMBR.

9.
The eNodeB maps the modified Bearer QoS with the new APN_AMBR to the Radio Bearer QoS. It then signals a Radio Bearer Modify Request (Radio Bearer QoS, Session Management Configuration, EPS RB Identity) message to the UE. The UE shall store the QoS Negotiated, Radio Priority, Packet Flow Id, which it received in the Session Management Configuration, for use when accessing via GERAN or UTRAN. The UE uses the uplink packet filter (UL TFT) to determine the mapping of service data flows to the radio bearer. 

10.
The UE NAS layer builds a Session Management Response IE including EPS Bearer Identity. The UE then acknowledges the radio bearer modification to the eNodeB with a Radio Bearer Modify Response (Session Management Response) message.
4. Reference 

[1]
3GPP TS23.401
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