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4.7.3
Bearer level QoS parameters

The bearer level (i.e. per bearer or per bearer aggregate) QoS parameters are QCI, ARP, GBR, MBR, and AMBR described in this section.

Each EPS bearer (GBR and Non-GBR) is associated with the following bearer level QoS parameters:

-
QoS Class Identifier (QCI);

-
Allocation and Retention Priority (ARP).

A QCI is a scalar that is used as a reference to access node-specific parameters that control bearer level packet forwarding treatment (e.g. scheduling weights, admission thresholds, queue management thresholds, link layer protocol configuration, etc.), and that have been pre-configured by the operator owning the access node (e.g. eNodeB). A one-to-one mapping of standardized QCI values to standardized characteristics is captured in Annex B.

NOTE 1:
On the radio interface and on S1, each PDU (e.g. RLC PDU or GTP-u PDU) is indirectly associated with one QCI via the bearer identifier carried in the PDU header. The same applies to the S5 and S8 interfaces if they are based on GTP-u.

The primary purpose of ARP is to decide whether a bearer establishment / modification request can be accepted or needs to be rejected in case of resource limitations (typically available radio capacity in case of GBR bearers). In addition, the ARP can be used (e.g. by the eNodeB) to decide which bearer(s) to drop during exceptional resource limitations (e.g. at handover). Once successfully established, a bearer's ARP shall not have any impact on the bearer level packet forwarding treatment (e.g. scheduling and rate control). Such packet forwarding treatment should be solely determined by the other bearer level QoS parameters: QCI, GBR, MBR, and AMBR.

NOTE 2:
The ARP should be understood as "Priority of Allocation and Retention"; not as "Allocation, Retention, and Priority".

NOTE 3:
Video telephony is one use case where it may be beneficial to use EPS bearers with different ARP values for the same UE. In this use case an operator could map voice to one bearer with a higher ARP, and video to another bearer with a lower ARP. In a congestion situation (e.g. cell edge) the eNB can then drop the "video bearer" without affecting the "voice bearer". This would improve service continuity.

NOTE 4:
The ARP may also be used to free up capacity in exceptional situations, e.g. a disaster situation. In such a case the eNB may drop "low ARP bearers" to free up capacity.

Each GBR bearer is additionally associated with the following bearer level QoS parameters:

-
Guaranteed Bit Rate (GBR);

-
Maximum Bit Rate (MBR).

The GBR denotes the bit rate that can be expected to be provided by a GBR bearer. The MBR limits the bit rate that can be expected to be provided by a GBR bearer (e.g. excess traffic may get discarded by a rate shaping function). See clause 4.7.4 for further details on GBR and MBR.

Each PDN connection (i.e. IP address) is associated with the following IP-CAN session level QoS parameter:

-
Aggregate Maximum Bit Rate (AMBR).

Multiple EPS bearers of the same PDN connection can share the same AMBR. That is, each of those EPS bearers could potentially utilize the entire AMBR, e.g. when the other EPS bearers do not carry any traffic. The AMBR limits the aggregate bit rate that can be expected to be provided by the EPS bearers sharing the AMBR (e.g. excess traffic may get discarded by a rate shaping function). AMBR applies to all Non-GBR bearers belonging to the same PDN connection. GBR bearers are outside the scope of AMBR.

The GBR and MBR denote bit rates of traffic per bearer while AMBR denotes a bit rate of traffic per group of bearers. Each of those three bearer level QoS parameters has an uplink and a downlink component. On S1_MME the values of the GBR, MBR, and AMBR refer to the bit stream excluding the GTP-u/IP header overhead of the tunnel on S1_U.

One 'EPS subscribed QoS profile' is defined for each APN permitted for the subscriber. It contains the bearer level QoS parameter values for that APN's default bearer (QCI and ARP) and that APN's AMBR.

NOTE:
Subscription data related to bearer level QoS parameter values for dedicated bearers is specified in TS 23.203 [6].

AMBR change and handshaking between eNodeB and the PDN GW of an APN can be applied for better bandwidth utilization at the eNodeB and at the PDN GWs w.r.t. non-GBR traffic QoS enforcement. The procedures used for such a purpose are shown in 5.4.2.1 and 5.4.2.3,  
5.4.2.1
PDN GW initiated bearer modification with bearer QoS update

The PDN-GW initiated bearer modification procedure (including Bearer QoS update) for a GTP based S5/S8 is depicted in figure 5.4.2-1. In this procedure, the UE is assumed to be in active mode.
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Figure 5.4.2.1-1: Bearer Modification Procedure with Bearer QoS Update, UE in active mode

NOTE 1:
Steps 3-8 are common for architecture variants with GTP based S5/S8 and PMIP-based S5/S8. For a PMIP-based S5/S8, procedure steps (A) and (B) are defined in TS 23.402 [2]. Steps 1, 2, 9 and 10 concern GTP based S5/S8.

1.
If dynamic PCC is not deployed, the PCRF sends a PCC decision provision (QoS policy) message to the PDN GW. If dynamic PCC is not deployed, the PDN GW may apply local QoS policy.
      For a non-GBR traffic, if an APN_AMBR change decision  is made by the PCRF when dynamic PCC is deployed, the PCC decision provision (QoS Policy) message to the PDN GW shall include the new APN_AMBR. If the dynamic PCC is not deployed, the PDN GW may determine the new PDN_AMBR.

2.
The PDN GW uses this QoS policy to determine that a service data flow shall be aggregated to or removed from an active bearer. 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 Request (PTI, EPS Bearer Identity, Bearer QoS, UL TFT) message to the Serving GW. The Procedure Transaction Id (PTI) parameter is used when the procedure was initiated by a UE Requested Bearer Resource Allocation Procedure - see clause 5.4.5 or is used when the procedure was initiated by a UE Requested Bearer Resource Release Procedure - see clause 5.4.6.
For the case in which the procedure is initiated for APN_AMBR change, the new PDN_AMBR shall be included in the Bearer QoS.  If the new APN_AMBR is smaller than the current APN_AMBR, the PDN GW shall use the new APN_AMBR for the non_GBR EPS bearer modification. Otherwise the PDN GW shall wait for the response message from the eNodeB for a negotiated eNB_AMBR.
3.
The Serving GW sends the Update Bearer Request (PTI, EPS Bearer Identity, Bearer QoS, UL TFT) message to the MME.
      If the procedure is initiated for APN_AMBR change,  the new PDN_AMBR shall be included in the Bearer QoS.
4.
The MME builds a Session Management Configuration IE including the PTI and the UL 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 Request (EPS Bearer Identity, Bearer QoS, Session Management Configuration) message to the eNodeB.
      If the procedure is initiated for APN_AMBR change,  the new APN_AMBR shall be included in the Bearer QoS.
5. The eNodeB maps the modified Bearer QoS 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.
When the procedure is initiated for APN_AMBR change, if the received new APN AMBR is smaller than what the eNodeB used, the eNodeB maps the new APN AMBR. Otherwise, eNodeB shall determine a negotiated new eNodeB AMBR which is close to the new APN_AMBR. 

NOTE 2:
The details of the Radio Bearer QoS are specified by RAN WG2.

6.
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.

7.
The eNodeB acknowledges the bearer modification to the MME with a Bearer Modify Response (EPS Bearer Identity, Session Management Response) message. With this message, the eNodeB indicates whether the requested Bearer QoS could be allocated or not.
     When the procedure is initiated for APN_AMBR change, the Bearer Modify Response message shall include the negotiated new eNodeB_AMBR if it was obtained at step 5.
8.
The MME acknowledges the bearer modification to the Serving GW by sending an Update Bearer Response (EPS Bearer Identity) message.
     When the procedure is initiated for APN_ AMBR change, The Update Bearer Response message shall include the negotiated new eNodeB_AMBR if it was obtained from step 7.
9. The Serving GW acknowledges the bearer modification to the PDN GW by sending an Update Bearer Response (EPS Bearer Identity) message.
      When the procedure is initiated for APN_AMBR change and at step 2 the PDN GW started to wait for the newly negotiated eNB_AMBR, the PDW GW shall set PDN_AMBR to the new eNB_AMBR and use the new PDN_AMBR for the EPS NBR bearer modification and QoS enforcement.
Editor's Note:
It is FFS whether the EPS Bearer Identity is needed in the Update Bearer Response message to correlate with the Update Bearer Request message.

10. If the Bearer modification procedure was triggered by a PCC Decision Provision message from the PCRF, the PDN GW indicates to the PCRF whether the requested PCC decision (QoS policy) could be enforced or not by sending a Provision Ack message.
If the procedure is initiated for APN_AMBR change, the PDN GW shall acknowledge to the PCRF with the new PDN_AMBR used for the QoS enforcement.
NOTE 3:
The exact signalling of step 1 and 10 (e.g. in case of local break-out) is outside the scope of this specification. This signalling and its interaction with the bearer activation procedure are to be specified in TS 23.203 [6]. Steps 1 and 10 are included here only for completeness.

5.4.2.3 
eNodeB intiated Bearer Modification with QoS modification procedure for non-GBR UL QoS Enforcement (New )
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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.
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