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1
Introduction

In RAN2#95 meeting, NR QoS related issues were discussed. RAN2 made the following agreements and identified some open issues for further study. 
Agreements

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 contribution we provide further analysis on    related open  issues, including:
· DRB management;
· Flow to DRB mapping;
· RAN level reflective QoS support;
· GBR and  non-GBR support.
2
Discussion
1.1 DRB management 
Our understanding is that several new C-plane and U-plane events could be used to  trigger gNB initiation of a DRB establishment or reconfiguration of an existing DRB. 
RAN level PDU session setup 
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Figure 1: Illustration of PDU session setup
After UE has attached to NextGen CN, a NAS level PDU session setup procedure could  be initiated. In parallel with NAS level PDU session setup procedure, CN-C may provide a set of authorized QoS profiles for the PDU session to RAN through e.g. RAN level PDU session setup procedure. After receiving authorized QoS profiles from CN, gNB executes admission control on the authorized QoS profiles and indicates the admitted QoS profiles to CN. U-plane tunnel IDs could also be exchanged between the RAN and CN. 
Upon RAN level PDU session is setup at the gNB, the gNB has the required information to establish DRBs. The gNB may trigger DRB establishment at air interface. At least a default DRB could be established at this moment and the default DRB can work in a “match-all” manner, any UL and DL flow packets can be transmitted through it. Depending on implementation, the gNB may also pre-configure some dedicated DRBs specialized for e.g. some high priority QoS flows at the same time.
New flow profile addition
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Figure 2: CN initiated new flow profile addition
When UE or application function in network initiated a new service flow activation procedure, a new QoS flow profile may be added to an existing RAN level PDU session context. CN-C sends a new QoS profile addition request to RAN to trigger this procedure. If the gNB admits this new QoS profile, the gNB sends a response message to CN.
Since a new QoS flow is admitted by the gNB, the gNB may trigger a new DRB establishment for this new QoS flow, or update an existing DRB configuration to aggregate the new QoS flow . The gNB may also do nothing at this moment until the arrival of user plane flow packets.
U-plane new flow packets detection

[image: image3.emf]UE gNB CN-C CN-U

1. RAN level PDU session setup 

complete

2. first DL flow* packets arrival

4. first UL flow* packets arrival 

on default RB

3. DRB establishment/or DRB 

configuration update

5. DRB establishment/or DRB 

configuration update


Figure 3: U-plane new flow packets detections
After RAN level PDU session setup is completed, CN-U may start sending admitted QoS flow packets of the PDU session to the gNB according to the tunnel ID assigned between the RAN and CN. The gNB checks the QoS information included in the DL NG-U tunnel packet header. If no appropriate existing DRB is found for the first DL arrived packets of theQoS flow, , the gNB may trigger a new DRB establishment for this new QoS flow . The gNB may alternatively update an existing DRB configuration.
Similar to the arrival of DL packet at the gNB, the gNB may also trigger the establishment of UL DRB after detecting a packet which requires different QoS handling than what is offered by the existing DRBs. Absenece of an appropriate DRB for the required QoS, the packets could be transmitted over the default DRB (match all). For first arrived UL packets of QoS flow received through default DRB, gNB may decide to setup a new DRB for this QoS flow or update an existing DRB configuration for this QoS flow. The subsequent  packets of this QoS flow can be transmitted in the newly established/modified dedicated DRB with appropriate  QoS guarantee.
As discussed above, there are multiple methods for identifying the need for a new DRB or need for reconfiguration of an existing DRB by the gNB to serve the required QoS of data flows or packets.  While when to establish a new DRB or modification of an existing DRB can be left to the gNB implementation, we think it is necessary to establish at least one DRB (ie. Default DRB) after PDU session context is setup at the gNB.  The default DRB could serve the traffic with “match-all” manner until an appropriate DRB is established for the required QoS.
Proposal1: When to trigger dedicated DRB establishment/modification for QoS flows can be left to gNB implementation. 

1.2 Flow to DRB mapping
Our understanding is that gNB takes full control of flow to DRB mapping in both uplink and downlink. As discussed in section 2.1 there are multiple methods that the gNB can  adopte to achieve flow to DRB mapping.  Restriction of 1-to-1 mapping of flow to DRB is not seen reasonable. Although 1-to-1 mapping can simplify RAN node implementation, it sacrifices scalability and flexibility. In NextGen system, number of PDU sessions and number of flows for one UE may be large  in some scenarios, e.g. UE may work as the gateway for other types of devices of different network slices. A flexible flow to DRB mapping support is beneficial in such scenario.
If multiple flows are allowed to be aggregated in one DRB, there need a method to distinguish packets of different flows. SA2 is discussing of flow identification, the flow identification could be reused to identify the flows in RAN. One method is to include the flow identification in the Layer 2 packet header.  
Proposal 2: It is proposed to support multiplexing of multiple flows in one DRB.
DL flow to DRB mapping 
The gNB take full control of DL flow to DRB mapping. Two possible models can be considered in the DL flow to DRB mapping,

a) Semi static mapping solution, the gNB determines the DL flow to DRB mapping rule as soon as the PDU session context or QoS profile is setup at the gNB. The mapping relation is pre-determined before the DL flow packets arrive.

b) Dynamic mapping solution, the gNB determines the DL flow packets to DRB mapping when the DL flow packets arrive at the gNB.
For semi static mapping solutions, it requires that all DRBs must be established before all admitted DL QoS flow packets arrive at the gNB. Otherwise there will be an error when no suitable DRB is available for mapping of packets. For dynamic mapping solution, DRB may not be established before the DL QoS flow packets arrived. An absence of existing mapping rule and appropriate DRB upon the arrival of DL traffic may trigger the gNB to generate a new mapping rule for the flow packets and initiate a new DRB establishment.
Proposal 3: It is proposed to support both semi static and dynamic DL flow to DRB mapping.
UL flow to DRB mapping 
The gNB takes full control of UL flow to DRB mapping. Pre-configured mapping rule between UL flows and DRB can be use by gNB to control UL flow to DRB mapping. The basic method is that for every established DRB, it is associated with a UL flow to DRB mapping rule and the mapping rule includes flow IDs. The gNB pre-configures the UL mapping rule to UE explicitly using RRC signalling.
When UL flow packets arrive, the UE first try to match UL flow packets with a dedicated DRB according to the mapping rule received from the gNB. If no appropriate dedicated DRB is found, the UL packets can be mapped with the default DRB (e.g. the default DRB can be configured to work in “match-all” manner). This method guarantees that in the worst case the unpredicted initial UL flow packets can be transmitted to gNB. Upon the detection of the packet with different QoS requirement, the gNB could establish a new DRB and mapping rule. 

Proposal4: it is proposed that the gNB pre-configures mapping rule between UL flows and DRB to be taken as baseline working assumption.

1.3 RAN level reflective QoS support

Reflective QoS support requirement is originally from [3] and referred here as “NAS level reflective QoS”. Our understanding is that “NAS level reflective QoS” is a way for NAS layer to determine the QoS index or flow ID of the packets from application layer. So the requirement of supporting reflective QoS in NAS level does not necessarily impact RAN.
Observation 1: Reflective QoS support requirement mentioned in [3] does not necessarily impact RAN.

However, reflective QoS could be used to enhance UL flow to DRB mapping flexibility. The UE monitors the DL flow packets to DRB mapping relation though U-plane reception. When the UL flow packets arrive corresponding to reflective QoS, UE used the latest DL flow to RB mapping relation to determine the corresponding UL flow packets to DRB mapping. How to pair a DL flow and corresponding UL flow depends on NAS layer mechanism, which is out of RAN2’s scope, and here we can assume UE already receive the paring method from core network.
Through the extension of reflective QoS to UL flow to DRB mapping,  the UL flow packets to DRB mapping is determined by the corresponding DL flow DRB mapping, and the gNB is able to adjust the UL flow to DRB mapping more flexibly and without explicit singling
Proposal 5: Ran2 is requested to discuss the possibility of using reflective QoS to enhance the UL flow to DRB mapping without explicit signaling. 
1.4 GBR and non-GBR support
For GBR flow, a similar admission control function as used in LTE can be considered. For example the gNB executes admission control as soon as a new authorized GBR flow QoS profile is received from NG-C interface. If the new GBR flow is successfully admitted by the gNB, the gNB can trigger either a new dedicate DRB establishment procedure or update an existing DRB configuration for the GBR flow. 
For non-GBR flow, we expect more flexibility for the gNB smart implementation. For example, the gNB does not determine the static mapping relation between a non-GBR flow and a DRB when the non-GBR flow QoS profile is received from NG-C interface. The gNB decides the mapping in a real-time manner when the corresponding non-GBR flow packets have been received from NG-U interface and moreover the gNB can temporarily aggregate non-GBR flow packets to an existing GBR type DRB if no appropriate non-GBR type DRB is available. For non-GBR flow if congestion happened, the gNB can execute packets dropping according to flow priority or packet dropping priority indication.
Proposal6: Non-GBR flows packets are allowed to be aggregated to both GBR type DRB and non-GBR type DRB.
3 Conclusion

In light of analysis in section 2 of NR QoS related open issues, we propose RAN2 to consider the following proposals:
Proposal1: When to trigger dedicated DRB establishment/modification for QoS flows can be left to gNB implementation. 

Proposal 2: It is proposed to support multiplexing of multiple flows in one DRB.
Proposal 3: It is proposed to support both semi static and dynamic DL flow to DRB mapping.
Proposal4: it is proposed that the gNB pre-configures mapping rule between UL flows and DRB to be taken as baseline working assumption.

Proposal 5: Ran2 is requested to discuss the possibility of using reflective QoS to enhance the UL flow to DRB mapping without explicit signaling. 
Proposal6: Non-GBR flow packets are allowed to be aggregated to both GBR type DRB and non-GBR type DRB.
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