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1   Introduction
In last meeting there is an LS sent from SA2 regarding QoS flow [1]:

	As part of the work on the 5GS QoS framework, SA2 has discussed system level QoS information and agreed some. The following are the so far agreed QoS related information per QoS flow (see TS 23.501):

1 ARP

2 Guaranteed Flow Bit Rate (GFBR) - UL and DL;

3 Maximum Flow Bit Rate (MFBR) -- UL and DL.

4 5G QoS characteristics

· Resource Type (GBR or Non-GBR);

· Priority level;

· Packet Delay Budget;

· Packet Error Rate.

5 Notification control (indicates whether notification to CN should be made if the QoS targets cannot be fulfilled for a GBR QoS flow during the lifetime of the QoS flow).

	RAN2#AH agreements [2]
1: A new user plane AS protocol layer (e.g. PDAP) above PDCP should be introduced to accommodate all the functions introduced in AS for the new QoS framework, including:

-
QOS flow->DRB routing; 

-
QoS-flow-id marking in DL packets;

-
QoS-flow-id marking in UL packets;

2
The new protocol layer is applicable for all cases connecting to the 5G-CN

1 3:
Single protocol entity is configured for each individual PDU session.


As QoS flow is introduced into NR, it can be seen there are some different parameters for this flow-based QoS from that in LTE, e.g. GFBR, MFBR and Notification control. Besides, RAN2 has already agreed that multiple flows can be mapped into one DRB. This means multiple flows with different QoS information will be treated in a DRB equally. It will possibly fail to satisfy the requirements of every flow.     
In this contribution, we will discuss the detailed issues and give some candidate solutions. 
2   Discussion
2.1 Maximum Flow Bit Rate (MFBR)
In LTE, the eNB enforces the downlink MBR associated with a GBR bearer and enforces the downlink AMBR associated with a group of Non-GBR bearers. For uplink, by limiting the total grant to the UE, the eNB can ensure that the UE-AMBR plus the sum of MBRs is not exceeded [3]. 
In NR, as agreed by SA2, each GBR QoS flow should be associated with a Maximum Flow Bit Rate (MFBR). The MFBR limits the bit rate that can be expected to be provided by a GBR QoS flow (e.g. excess traffic may get discarded by a rate shaping function) [4]. 

For downlink, it can be up to gNB implementation to enforce MFBR associated with a GBR QoS flow. As only the SDAP layer (Service Data Adaptation Protocol, also named PDAP layer in some papers) can identify the flow, it is straightforward to be done in SDAP layer.
For uplink, there can be two options to consider: 

Option 1: Similar as LTE, the gNB ensures that the UE-AMBR plus the sum of MFBRs is not exceeded by limiting the total grant to the UE.
Option 2: The rate shaping function mentioned in SA2 specs is done in flow level to satisfy MFBR per flow. Similar reasons as downlink, a mechanism in the SDAP layer needs to be designed to perform this function. 
Option 1 is simple with less specs impact but can only ensure the total bit rate does not exceed the total limit rather than bit rate per flow, which may not satisfy SA2 MFBR requirement of each flow. Option 2 needs further study in RAN2. We slightly prefer Option 2.   

Proposal 1: For downlink, it is gNB implementation to enforce MFBR associated with a GBR QoS flow in SDAP layer.
Proposal 2: For uplink, design a mechanism in the SDAP layer to meet the SA2 MFBR requirement of each flow.

2.2 Guaranteed Flow Bit Rate (GFBR)
In LTE, the eNB guarantees the downlink GBR associated with a GBR bearer. For uplink, the eNB guarantees the GBR by giving each bearer a prioritized bit rate (PBR). When performing LCP procedure, each bearer`s PBR can be satisfied by scheduling.    
In NR, GBR QoS flow is introduced with GFBR requirement. Regarding how to satisfy GFBR per flow, there are two situations:

Situation 1: One to one mapping between GBR QoS flows and DRBs.
For this situation, the legacy LTE LCP procedure can be reused to fulfill the GFBR requirement per GBR QoS flow.

Situation 2: Multiple to one mapping between GBR QoS flows and DRBs.
For this situation, different GBR flows with different requirements can only be treated equally in a DRB. Assume that there is a scenario that three flows are mapped into one DRB, and the GFBR values of them are all 100kbps. In order to satisfy the requirements of the three flows, the DRB will be configured with PBR of at least 300kbps. In this case, if none of the three flows’ rate exceeds 100kbps, GFBR requirements of all these flows can be satisfied. However, if the rate of flow 2 becomes 150kbps, then total rate of the flows will exceed PBR of the logical channel. Flow 2 may be transmitted with a speed more than 100kbps as LCP cannot differentiate these flows, while the transmission rate of flow 1 or flow 3 cannot reach their GFBR requirement. This situation is illustrated in Figure 1. 
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Figure 1 Three GBR flows mapped to one DRB
Observation: In multiple GBR flows to one DRB mapping case, per flow GFBR cannot be satisfied using current mechanism.

Proposal 3: RAN2 investigate new or enhanced mechanism to satisfy per flow GFBR in multiple flows to one DRB mapping case.
2.3 Notification control
According to SA2, the Notification control may be provided for GBR QoS flows. The Notification control indicates whether notification should be made by the RAN if the QoS targets cannot be fulfilled for a QoS flow during the lifetime of the QoS flow. If it is set and QoS targets cannot be fulfilled, RAN sends a notification towards SMF. 
The other parameters in the LS can all be known by gNB except UL delay on UE side. So even if delay targets are not fulfilled on the UE side, gNB has no way to know it in time. 
In LTE, a UL PDCP packet delay measurement and report mechanism is defined in MDT. The measurement is done separately per QCI. The UE shall report UL PDCP SDU queuing delay as the ratio of SDUs exceeding the configured delay threshold and the total number of SDUs received by the UE during the measurement period. 

Although this mechanism can inform gNB of the UL delay, it is not dynamic and thus not in time. Therefore a similar UL delay mechanism should be designed to report the UL delay in flow level in time so that gNB can send notification toward SMF as required by SA2. As the delay report is in flow level, the measurement and report should be done in SCDP layer.  
Proposal 4: Design a mechanism in the SDAP layer to measure and report UL delay to gNB in time.
3   Conclusion
By discussing the flow level rate control mechanism we have the following observation:

Observation: In multiple GBR flows to one DRB mapping case, per flow GFBR cannot be satisfied using current mechanism.

And we propose:

Proposal 1: For downlink, it is gNB implementation to enforce MFBR associated with a GBR QoS flow in SDAP layer.

Proposal 2: For uplink, design a mechanism in the SDAP layer to meet the SA2 MFBR requirement of each flow.

Proposal 3: RAN2 investigate new or enhanced mechanism to satisfy per flow GFBR in multiple flows to one DRB mapping case.

Proposal 4: Design a mechanism in the SDAP layer to measure and report UL delay to gNB in time.
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