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1   Introduction
In the last RAN2 #94, the QoS issue was discussed and the DRB concept was agreed to be kept to serve a set of packets requiring the same packet forwarding treatment. In this document we will discuss potential impacts of the QoS framework on the RAN design in NR.
2   Background

In the SA2 meeting #116, some interim agreements on QoS were reached [1]. The followings are those impacting RAN:

…
3a.
 A default QoS rule shall and pre-authorised QoS rules may be provided at PDU Session establishment to UE. using NG1 signalling.

NOTE: In some cases part of the QoS information can be provided as AS information even at PDU Session establishment.

3b. QoS rules can be (e.g. depending on access capabilities) provided at PDU Session establishment to the RAN using NG2 signalling.
4.
Flow-specific QoS signalling via the C-plane is needed for GBR SDF.

Editor’s note: Definition of Flow is for FFS.
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.

…
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 NG1-C in RAN. NG3 in SA2 equates to NG1-U in RAN.
3   Discussion

The QoS framework for the next generation network has been widely discussed in SA2. An emerging new concept is that the flow based QoS framework may be used in CN. Although SA2 has not decided to adopt the flow based QoS formally, it is beneficial to analyse how the flow based QoS framework impact RAN beforehand. RAN2 may also provide the analysis results to SA2 for considerations. The possible QoS diagram will be provided firstly and the related issues will be discussed later. Figure 3.1 illustrates the QoS distribution procedure during PDU session establishment based on the interim agreements 3a and 3b [1]. Figure 3.2 illustrates the QoS distribution procedure after PDU session establishment based on the interim agreements 4 and 5 [1].
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Figure 3.1 Radio Resource Configuration during PDU Session establishment
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Figure 3.2 Radio Resource Configuration based on application server request
During the PDU session establishment procedure, the CN_CP will provide a default QoS or pre-authorized QoS rules to UE and AN. The AN may need to configure radio resource to meet these QoS requirements as shown in the figure 3.1.
After the PDU session establishment, the Application server may require a specific treatment of SDF and initiate an authorised QoS. The request from the Application server may originate from the Application server or from the UE through Service Layer communication. The AN will configure radio resource for the authorised QoS, similarly to the LTE bearer management, as illustrated in the figure 3.2. 
During the radio resource configuration procedure, the AN would configure radio resources to meet the QoS requirements of the flows. During the last RAN2 meeting the DRB concept was agreed to be kept. So it is the DRB that serves the flows in the radio interface transmission. The radio resource configuration for one flow includes the mapping relationship between the flow and DRB and configuration of the corresponding DRB. The mapping relationship between flow and DRB may be expressed by a binding between a flow descriptor and a DRB id. The configuration of one DRB includes establishment, modification and release of DRB. Each DRB has its RRC Configuration which determines the packet forwarding treatment it can offer. The RRC Configuration of one DRB should be configured based on the authorized QoS of the flow which the DRB will serve in order to satisfy the QoS requirements of the flow. AN should inform UE the radio resource configuration through the RRC signalling which contains the mapping relationship between the flow and DRB, optionally, the configuration of the corresponding DRB.
Flow to DRB mapping:
How the flow would be mapped to DRB needs to be analysed. The 5G QoS framework should allow independent evolution of core and access technologies according to the 5G QoS principles [1]. 5G RAN is in charge of data transmission in air interface. 5G RAN can map the specific flow to radio bearer based on QoS parameters of flow and RRM policy in RAN as long as the QoS requirements of the flow can be satisfied in the air interface, e.g. multiple flows with same QoS can be mapped to one DRB by AN. So it is reasonable that RAN determines the mapping relationship between flow and DRB. In uplink UE can route the packets of one flow from upper layer to the right DRB according to the binding relationship. In downlink AN can route the packets of one flow from CN_UP to the right DRB according to the binding relationship.
Proposal 1: The mapping relationship between flow and DRB should be determined by RAN, and should be given to UE through RRC signalling.

In SA2, flows are categorized into GBR flows and non-GBR flows, depending on whether the Guarantee Bitrate is needed or not. The DRBs in RAN should be categorized into GBR DRB and non-GBR DRB accordingly, just like in LTE. The GBR DRB should provide a guaranteed throughput for GBR flow and the non-GBR DRB need not to provide a guaranteed throughput. An aggregated maximum bitrate provides the maximum bitrate of all the non-GBR flows of a PDU session or UE. AN will limit the overall throughput of non-GBR flows per session or per UE by max rate control function based on the AMBR value. Therefore, GBR flow should be mapped to GBR DRB and the non-GBR flow should be mapped to non-GBR DRB.
Proposal 2: GBR flow should be mapped to GBR DRB and non-GBR flow should be mapped to non-GBR DRB.

We will discuss the GBR flow to DRB mapping relationship and the non-GBR flow to DRB mapping relationship separately in the following.
GBR flow to DRB mapping:
For the GBR flow, its QoS parameters include Guarantee Bitrate and Maximum Bitrate. The GBR DRB which a flow is mapped to has to provide guaranteed throughput for the flow to meet the requirement of the Guarantee Bitrate. If multiple GBR flows are mapped to one DRB, the DRB will have no idea how to provide guaranteed throughput because the packets of the different flows may arrive at AN at the same moments or at different times. E.g. it is difficult to define an exact PBR of LCH which the DRB is associated with. If one GBR flow is mapped to multiple DRBs, the introduction of coordination among DRBs is inevitable to provide the guaranteed throughput which will bring a high complexity in RAN. So it is reasonable that one GBR flow is mapped to one DRB in RAN, similarly to the relationship between the EPS bearer and the radio bearer in LTE. 
Proposal 3: The mapping relationship between GBR flow and DRB should be one to one.

Non-GBR flow to DRB mapping:
In this section we will discuss how to determine the mapping relationship between non-GBR flow and non-GBR DRB by RAN. In general, there are three possible options as follows: 
Option1: Non-GBR flow to DRB mapping is 1:1

The non-GBR flow to DRB mapping is 1:1, which is similar with the relationship between the EPS bearer and the radio bearer in LTE. The AN will setup one dedicated non-GBR DRB corresponding to one non-GBR flow whose QoS parameters are received by AN from 5G CN. Then the DRB RRC Configuration includes PDCP/RLC/LCH configuration is per flow. There are some issues to be considered：
· The limitation of the number of DRBs. In LTE the maximum number of DRBs of one UE is eight. 

· The added MAC PDU overhead due to the large number of flows.
· The RRC Configuration for each flow which brings a heavy dedicated bearer management cost.
Option2: Non-GBR flow to DRB mapping is n: 1
The non-GBR flows with the same or similar QoS can be aggregated to one DRB which will provide same packet forwarding treatment for these flows. The PDCP/RLC/LCH configuration is per DRB. Furthermore, all the non GBR flows can be mapped to one common DRB per session to avoid the heavy dedicated bearer management cost especially for the short-lived services.

There are a couple of issues to be considered:

· Whether the differentiation among flows within one DRB is needed.
· Whether the BSR per flow is needed.
Option3: Non-GBR flow to DRB mapping is 1: n
In SA2, a packet based QoS solution is also proposed, in which the packets of one IP flow may have different QoS requirements, e.g. according to the different content types. It is possible that one non-GBR flow can be mapped to multiple DRBs for the QoS differentiation within one flow. 

There are also some issues to be considered:
· The limitation of the number of DRBs. In LTE the number of DRBs of one UE is eight.
· The MAC PDU overhead due to the increased number of DRBs.
· The configuration for each flow which brings a heavy dedicated bearer management cost.
· The out of order delivery in one flow may occur because the flow is mapped to multiple PDCP entities. 
The comparison of these three possible non-GBR flow to DRB mapping options is described in the table below. 

                                                  Table 3.2-1    Comparison of Mapping Options

	Non-GBR flow to DRB Mapping Relationship
	Pros
	Cons

	1:1
	· one dedicated DRB serves one flow 
	· added MAC PDU overhead

· heavy dedicate bearer management cost

	n:1
	· no added MAC PDU overhead

· low dedicate bearer management cost

· one DRB serves multiple flows
	· lack of differentiation among flows within one DRB 

	1:n
	· provide finer QoS granularity for one flow through multiple DRBs
	· added MAC PDU overhead

· heavy dedicate bearer management cost
· out of order delivery of SDF


Upon the analysis of these three options, each kind of mapping relationship has its pros and cons. AN may determine the mapping relationship case by case. Therefore, the mapping relationship between the non-GBR flow and non-GBR DRB depends on the non-GBR flow characteristic and RRM policy in RAN. For example, the non-GBR flows with same QoS can be mapped to one DRB, whereas one flow can be mapped to multiple DRBs if it is not sensitive to out of order delivery and its packets have very different QoS requirements.
Proposal 4: The mapping relationship between non-GBR flow and DRB should be flexible.  
If non-GBR DRB can serve multiple non-GBR flows, the DRB configuration may not need to be changed, when a non-GBR flow is added, modified, or deleted. Furthermore, a default DRB can provide the best effort service in RAN using a default QoS. SDFs with no matched TFT may be mapped to the default DRBs. 
Proposal 5: DRB configuration may not be changed when a non-GBR flow is added/modified/deleted in CN.
As discussed above, a complete flow based QoS framework in RAN is depicted in following figure:
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Figure 3.3 RAN QoS framework 
 There are three steps in the complete QoS framework in RAN.

Step1: Radio Resource Configuration

 AN may configure the radio resource during or after the PDU session establishment based on the NG1-C signalling of QoS from the CN_CP. AN can configure the radio resource for non-GBR flows during the PDU session establishment. AN should configure the mapping relationship between the flow and DRB and configuration of the DRB and inform UE the radio resource configuration through RRC signalling as discussed above.
Step2: Obtain the QoS information of packet

Downlink: AN receives the packets from the CN_UP entity through a tunnel. This tunnel may be per session or per UE [1]. AN can obtain the QoS information through the U-plane marking in the encapsulation header of the packet. The U-plane marking may be a flow id or a Flow Priority Indicator which indicates a set of QoS parameters [1].

Uplink: UE can obtain the QoS information through the TFT filters of the QoS rules provided by the CN_CP entity. The QoS information may contain a flow id only.
Step3: Map packet to right DRB

Downlink: AN will map the packet to the right DRB based on the mapping relationship established during the radio resource configuration procedure.
Uplink: UE will map the packet to the right DRB based on the mapping relationship informed by AN during the radio resource configuration procedure. If no flow to DRB mapping relationship is available for the packet or no TFT is matched UE can map the packet to the default DRB which can offer the best effort service.
Then the AN can provide the packet forwarding treatment for the packet both in uplink and in downlink based on the attribute of DRB which the packet is mapped to. The schedule-based mechanism for DRB in LTE may be reused in AN for the data transmission of DRB.

It may be beneficial to provide the above analysis to SA2 for consideration in their QoS framework studies.
Proposal 6: RAN2 may provide the impact analysis of flow based QoS on RAN to SA2 for consideration in the study of QoS framework.
4   Conclusion
Based on the above discussions in this contribution, we propose the followings:
Proposal 1: The mapping relationship between flow and DRB should be determined by RAN, and should be given to UE through RRC signalling.
Proposal 2: GBR flow should be mapped to GBR DRB and non-GBR flow should be mapped to non-GBR DRB.
Proposal 3: The mapping relationship between GBR flow and DRB should be one to one.
Proposal 4: The mapping relationship between non-GBR flow and DRB should be flexible.
Proposal 5: DRB configuration may not be changed when a non-GBR flow is added/modified/deleted in CN.
Proposal 6: RAN2 may provide the impact analysis of flow based QoS on RAN to SA2 for consideration in the study of QoS framework.
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