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1   Introduction
The QoS issue was discussed during RAN2 #94 and RAN2 #95. The following QoS agreements were made in these RAN2 meetings:

RAN2 #94 Agreements [1]
1: The "data radio bearer" (DRB) defines the Over-The-Air packet treatments in the RAN. 

2: A DRB serves a set of packets requiring the same packet forwarding treatment, e.g. reliability, target delay, etc. 

3: A separate DRB is defined for each different packet forwarding treatment required.

RAN2 #95 Agreements [2]
1
For DL for a non-GBR flow, the eNB sees an indication over NG-u and based on the indication the eNB maps the packet to a DRB of an appropriate QoS. 

RAN2 understanding of SA2 agreements is that eNB has a QoS profile associated with the indication.

FFS whether there is a requirement for every different QoS indication to be mapped to a different radio bearer.

2
Functionality is required to differentiate flows from different PDN-connections over the radio interface (e.g. by using separate DRBs or by an explicit indication in a header)

3
For DL, the eNB establishes DRBs for the UE taking the QoS profiles in to account.

FFS how the DRB is established in the first packet is an UL packet.

 In this document we will analysis how the Bearer based QoS framework impact RAN. 
2   Background

In the last SA2 #116Bis meeting, some RAN related interim agreements on QoS were made [3].
	1
Support Reflective QoS over RAN under control of the network. The network decides on the QoS to applyon the DL traffic and the UE reflects the DL QoS to the associated UL traffic. When the UE receives a DL packet for which reflective QoS should be applied, the UE creates a new implicit QoS rule. The packet filter in the implicit QoS rule is derived from the header of the DL packet.
2.
U-plane marking for QoS is carried in encapsulation header on NG3 i.e. without any changes to the e2e packet header.

3a.
A default QoS rule shall and pre-authorised QoS rules may be provided at PDU Session establishment to UE. 

Editor's note:
The content of the QoS rule is FFS, including a possible change of the term to avoid confusion with PCC/QoS rules. It is FFS whether the QoS rule signalling to UE involves NAS or AS-level signalling.

Editor's note:
QoS related signalling to the UE for non-3GPP access is FFS.

3b. QoS rules can be (e.g. depending on access capabilities) provided at PDU Session establishment to the RAN using NG2 signalling.

4.
QoS Flow-specific QoS signalling via the C-plane is needed for GBR SDF.

5.
NG2 signalling related to QoS, outside of PDU Session establishment, corresponding to a pre-authorised QoS rule should be minimised for initiation, modification or termination of SDFs with no GBR requirements.

Editor's note:
This is target for SA2, but the feasibility needs to be confirmed by RAN.
Editor's note:
NG2 QoS related signalling for non-3GPP access is FFS.

6.
NG1 signalling related to QoS, outside of PDU Session establishment, corresponding to a pre-authorised QoS rule should be minimised for initiation, modification or termination of SDFs with no GBR requirements.
Editor's note:
NG1 QoS related signalling for non-3GPP access is FFS.

7.
For the purpose of subscription and service differentiation, enforcement of UL rate limit per Service Data Flow and per PDU Session shall be done in a CN_UP, being a trusted point of enforcement in the network, handling all traffic of the PDU session.
8.  The AN shall enforce a rate limit in UL per UE. 
…


Note: The name of interface defined in SA2 is not in line with the name of the corresponding interface defined in RAN. NG1 in SA2 equates to NAS in RAN. NG2 in SA2 equates to NG-C in RAN. NG3 in SA2 equates to NG-U in RAN.
3   Discussion

3.1   NextGen Bearer based QoS control model
The QoS framework for the next generation network has been widely discussed in SA2. A NextGen Bearer based QoS control model is depicted in the figure1 [3]. We will describe the characteristics of the Bearer based QoS model in this section.
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Figure1 NextGen Bearer based QoS control
GBR Bearer
An information transmission path of defined bit rate, scheduling priority, latency and reliability, etc. It is an end-to-end bearer between the UE and UP function Anchor. The QoS control of all service data flow binding to this bearer is the same.
Non-GBR Bearer
A default transmission path for a PDU session, it is established when a PDU session is established. The QoS control of services mapped to this NextGen Non-GBR bearer is differentiated by the user plane marking of the user plane packets.
NextGen Bearer level QoS parameters
-
NextGen QoS Index (NQI): specifies characteristics describe the packet forwarding treatment that a service data flow aggregate receives edge-to-edge between the UE and the UP Anchor in terms of the following performance characteristics:  Priority, Latency and Reliability. A standardized NextGen QoS Index and corresponding characteristics is independent of the UE's current access (3GPP or Non-3GPP).

-
Priority Level: define the service data flow's relative importance to access to RAN resource. It is also used to decide whether a NextGen GBR bearer establishment request can be accepted or needs to be rejected due to resource limitation.

-
Filter Descriptor: packet filters mapping the service data flow to the NextGen GBR bearer, or packet filters in the QoS rule to mark the NQI and PDPI for each packet of flows which is bind to the NextGen Non-GBR bearer.
-
Maximum Bitrate: maximum UL and DL bitrate value applicable for a single flow or aggregation of flows mapped to the NextGen bearer. 

-
Guarantee Bitrate: guaranteed UL and DL bitrate value applicable for a single flow or aggregation of flows mapped to the NextGen GBR bearer.

-
Packet Discard Priority Indicator (PDPI): defines the discard priority per packet in the NextGen system in case of congestion e.g. for differentiating content type within the same flow. The PDPI marking in the downlink is set by the CN-UP functions and is used by the RAN. Each PDPI is associated with a filter descriptor and only applicable for the flows binding to the NextGen Non-GBR bearer.
3.2   NextGen GBR Bearer related procedures
Bearer setup procedure
After the PDU session between the UE and a data network is established, the GBR Bearer can be quested by the AF. The CN-CP will determine to establish the NextGen GBR bearer and generate the authorized QoS profile (NextGen Bearer Id, NQI, PL, Filters, GBR, and MBR).CN-CP distributes the authorized QoS profile to CN-UP, RAN and UE through the CP signalling. A NextGen Bearer ID is also allocated by the CN-CP function which is used to index the QoS parameters in the UP functions, RAN and UE, and the UP functions.
Upon reception of the authorized QoS profile, and if resources are available for the requested configuration, the RAN shall execute the requested bearer configuration. For each bearer and based on the bearer level QoS parameters, the RAN shall establish a Data Radio Bearer and allocate the required resources on Uu. The RAN shall allocate the required resources on NG interface for the bearer requested to be established. If resources are not available, the RAN should inform CN-CP the failure of Bearer establishment with a proper cause value. 
QoS enforcement
The service data can be transferred on the NextGen GBR bearer only after the information of NextGen GBR bearer successfully established is received. 
·   In CN-UP, the DL filter descriptor maps traffic flows aggregate to a NextGen GBR bearer in the downlink direction. 
·   In UE, the UL filter descriptor maps traffic flows aggregate to a NextGen GBR bearer in the uplink direction. 
·  In the RAN, the QoS enforcement includes the admission control and traffic scheduling functions according to NextGen GBR bearer QoS characteristics. The packets within the NextGen GBR bearer have the same QoS treatment. For admission control, RAN should ensure that sufficient resources are available to support a satisfied service before allowing the NextGen GBR bearer to be set up. For traffic scheduling, the QoS concepts of the NextGen GBR bearer is mapped to the QoS concepts of the underlying transport. RAN is responsible for configuring the DRB in accordance to the QoS characteristics associated with the NextGen GBR bearer for the QoS enforcement. For a PDU session, each combination of NextGen QoS index and Priority Level is assumed to associate with a NextGen GBR bearer. RAN may apply the IP QoS (e.g. DSCP) based on the NQI of the bearer to accomplish the QoS of transport between the RAN and CN-UP.
Route
The NextGen GBR bearer is an End to End transport path between UE and CN-UP. The DRB has been agreed to be kept in RAN. The transport between the RAN and CN-UP can be defined as CN-bearer, e.g.  There is a one-to-one mapping between this DRB and CN-bearer. The RAN should store a one-to-one mapping between a DRB and a CN-bearer to create the binding between a data radio bearer and a CN-bearer in both the uplink and downlink. RAN can route the packet to the right bearer according to the binding relationship in both the uplink and the downlink.
Proposal 1: For a PDU session, multiple GBR bearers can be maintained over NG interface and each GBR bearer contains service data flows with same QoS control.
3.3   NextGen non-GBR Bearer related procedures
Bearer setup procedure

For a PDU session, only one NextGen Non-GBR bearer is maintained. This Non-GBR Bearer remains established throughout the lifetime of the PDU session. 
The UE determines to establish a PDU session and sends a PDU session request to CN-CP. The CN-CP determines the QoS rules of NextGen Non-GBR bearer. The QoS rules may include default Qos rule (NextGen Bearer Id, default NQI, default PDPI, SMBR, UE-AMBR) and dedicated QoS rules (NextGen Bearer Id, filters, NQI , PDPI). The CN-CP forwards the QoS rules of NextGen Non-GBR bearer to CN-UP, RAN and UE using the out band signalling.
Upon reception of the authorized QoS profile, and if resources are available for the requested configuration, the RAN shall execute the requested bearer configuration. RAN should store the UE-AMBR value in the UE context for the rate control.
 QoS enforcement

The service data can be transferred on the NextGen non-GBR bearer only after the information of NextGen non-GBR bearer successfully established is received. The packets or flows within the same non-GBR bearer will receive different QoS treatments according to their NQI and/or PDPI.
-
In the UP, the DL filter in the QoS rule maps a packet onto the NextGen Non-GBR bearer in the downlink direction, and the packet marking will be done to the traffic based on the QoS rule, then the packet is send on the NextGen Non-GBR bearer. All the non-GBR service data flows of one session should be multiplexed onto the same NextGen GBR bearer while the flows have different QoS characteristics. The enforcement of DL rate limit per Service Data Flow and per PDU Session shall be done in CN-UP.
-     In the UE, the UL filter in the QoS rule maps a packet to of the NextGen Non-GBR bearer in the uplink direction. All the non-GBR service data flows of one session should be multiplexed onto the same NextGen GBR bearer while the flows have different QoS characteristics. The UP-marking will be done to the traffic based on the QoS rule (e.g. based on NQI and PDPI). If the reflective QoS mechanism is active, UE can get the QoS rule from the DL packet and set the UP-marking in the header of the UL packet. The enforcement of UL rate limit per Service Data Flow and per PDU Session shall be done in UE or in CN-UP.
-
In the RAN, the QoS of packets is differentiated based on its UP-marking, i.e. NQI and PDPI. The NQI decides the packet forwarding treatment (e.g. scheduling policy, queue management policy, rate shaping policy, RLC configuration, etc.) of corresponding radio bearer and the PDPI decides which packets should be discarded in priority in some special cases like congestion. The enforcement of rate limit per UE shall be done in RAN based on the UE-AMBR value. RAN may apply the IP QoS (e.g. DSCP) based on the different NQI of the packets to accomplish the various QoS of transport between the RAN and CN-UP. Figure 2 describes the QoS control process for non-GBR service E2E.
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Figure 2  QoS control process for non-GBR service
Route 
The NextGen non-GBR bearer is an End to End transport path between UE and CN-UP. The DRB has been agreed to be kept in RAN. The transport between the RAN and CN-UP can be defined as CN-bearer. There is a one-to-one mapping between this non-GBR DRB and the CN-bearer. The RAN should store a one-to-one mapping between the non-GBR DRB and the non-GBR CN-bearer to create the binding between a data radio bearer and a CN-bearer in both the uplink and downlink. RAN can route the packet to the right bearer according to the binding relationship in both the uplink and downlink.

Proposal 2: For a PDU session, only one Non-GBR bearer is maintained over NG interface and the QoS control of services mapped to this Non-GBR bearer is differentiated by the user plane marking of the user plane packet.
4   Conclusion
Based on the discussions in this paper, we give some analysis of impact on RAN of NextGen Bearer based QoS control model. The detailed proposals are:
Proposal 1: For a PDU session, multiple GBR bearers can be maintained over NG interface and each GBR bearer contains service data flows with same QoS control.
Proposal 2: For a PDU session, only one Non-GBR bearer is maintained over NG interface and the QoS control of services mapped to this Non-GBR bearer is differentiated by the user plane marking of the user plane packet.
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