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1. Introduction
This paper discusses and reviews the benefit and motivation of Flow based QoS architecture looking from overall system perspective taking into account the agreements achieved in SA2 and RAN2.
2. Discussion
The following table summarizes Flow based QoS architecture main functions [1] and the difference from LTE QoS architecture:
Table 1: Flow based QoS vs. LTE QoS architecture

	No.
	Aspects
	Flow based QoS architecture
	LTE QoS architecture

	1.
	Packet transmission in CN-RAN interface
	· Packet Flow is marked with QoS marking (e.g. FPI).

· Packets with different QoS marking are transmitted within single tunnel (PDU Session Tunnel) in NG3 interface.
	· 1 to 1 QoS and S1-U Tunnels
· Packets with different QoS are transmitted in different S1-U tunnels

	2.
	Packet transmission in Uu
	· DRB is established for packets with the same requirement of packet treatment (e.g., DRB  per FPI)
	· 1 to 1 QoS and DRB (E-RAB) mapping

· DRB is established  per QoS type (QCI)

	3. 
	C-plane signalling to establish expected QoS handling
	· For PDU Session Establishment:

· NG2 signaling to the gNB to establish default and pre-authorized QoS

· NG-1 (NAS) signalling to the UE to configure NAS information (pre-authorized FPIs) 

· RRC signalling to the UE to configure AS resource binding information

· For each non GBR  QoS type
· None on NG2 if pre-authorized, otherwise NG2 signalling

· None on NG1 (NAS) if pre-authorized, otherwise NG1 NAS signalling

· None on RRC if DRBs pre-established, otherwise RRC signalling

· One round of NG-4 signaling

· For each GBR QoS type

· NG1 (NAS), NG2,  RRC and NG4 signalling.
	· For PDU Session Establishment:

· NG2 signaling to the gNB to establish default QoS

· NG-1 (NAS) signalling to the UE to configure NAS information (default QoS) 

· RRC signalling to the UE to configure AS resource binding information
· For each  GBR and non GBR QCI (QoS type):
· S1 Signaling to the eNB to established E-RAB

· NAS signalling to the UE to configure NAS information (TFT)

· RRC signalling to the UE to configure DRB
· Two rounds of NG-4 signaling.

	4. 
	C-plane Signalling at RAN Node Change during handover
	· One signalling transaction on NG2 (NG3) and on NG4 per PDU session, irrespective of number of QoS types
	· One signalling transaction on S1 and on S11 per PDU session, irrespective of number of QCIs/bearers (TEIDs)


Let us now review the main benefits of Flow based QoS:

1. S1 (NG2)  signalling reduction aspect
In Flow based QoS architecture, S1 (NG2) signalling reduction gain is expected since at the PDU Establishment Session, only one NG2 singaling is needed for the CN to indicate the RAN of all possible pre-authorized non-GBR QoS types that may be transmitted within NG3. Whereas in LTE architecture, several S1 signaling is needed everytime QoS type (QCI) needs to be established. 
However, the difference in terms of CP signaling when comparing the IP flow model to EPC model is not that great. In QoS flow model the FPIs must be pre-authorized to UE and RAN, and this requires CP-signalling (though this signalling can be piggy-backed on PDU session establishment). The same can be achieved with EPS model by establishing a set of dedicated bearers at the PDN connection setup, and then mapping the flows to these pre-established bearers (e.g. TEIDs).
Observation 1: 
S1(NG2) signalling reduction gain is foreseen only for pre-authorized non GBR QoS types.
2. RRC signalling reduction aspect
In Flow based QoS architecture, RRC Signaling is needed to convey NAS information as AS resource binding information (e.g. FPI) at the PDU Session Establishment. Whether DRB configuration for all possible non-GBR QoS types is done at this point, or whether DRB configuration needs to be perform only when U-plane data arrives needs to be further discussed [2], but it is likely that both cases should be supported. Configuring all possible QoS types at the initial PDU Session is similar with configuring DRBs for all the possible QCI in LTE, hence there is no additional RRC signalling gain. However, in Flow based QoS, it was agreed that the UE perform reflective QoS for UL and DL, which means that there are fewer cases for the network to explicitly notify modification of binding rules to UE. There may be slight signalling reduction from this perspective.
Observation 2:
Depending on operation, there may not be much gain from RRC signalling reduction. 

3. NW resources and non-GBR QoS flows
Once all the possible QoS types are configured, different QoS type data could come and go without the necessity to setup the “associated” bearer to transmit the packet. With this mechanism, different non-GBR packets within the same tunnel could be differentiated,. However, since anyway the DRB in Uu interface needs to be established per QoS type (FPI) in order to serve expected priority handling, the network resources allocation gain (e.g., TEID resource) is only applicable in NG2 interface and not for Uu interface. 

Observation 3:
Finer granularity of packet identification within the same non-GBR service/tunnel and network resource (e.g., TEID) allocation saving gain are only applicable at NG3 (S1) interface and not at Uu interface.
4. Access Agnostics aspect
One may argue that Flow based QoS architecture is a mechanism that would allow “access agnostic” between different access technology, e.g., cellular and fix network. We do not think that this argument is true because to make this mechanism access agnostic, other access technologies need to adapt with yet another 3GPP specific concept of “QoS rules (FPI)”, PDU flows and PDU Session, which is quite unlikely. 
Obsevation 4:
Unless other access technology also adopts the same Flow based QoS as defined in 3GPP, access agnostic aspect cannot be considered as benefit. 
Looking at the functionality to support Flow based QoS in Table 1, all nodes (UE, RAN, CN (MME, S-GW, P-GW –like nodes)) are likely to be impacted. However, from the comparison of the two architectures, we are of the opinion that both architectures are basically resulting into similar QoS processing behaviour. The main difference is only on how the QoS types (QCI, FPI) are mapped in each interface. The flow concept will require at a minimum an update to GTP-U protocol to add the FPI field. From overall system perspective, although some benefit are foreseen in NG2 signalling and NG3 resource allocation perspective, there is not much benefit can be foreseen in Uu interface. 
Therefore, during this Study Item phase, we need to question whether the limited benefit with impact of almost all nodes (UE, RAN, CN) could justifies the adoption of this new Flow based QoS architecture. 
Proposal:
It is proposed for RAN2 and SA2 to discuss whether the benefit of Flow based QoS architecture can justify the trade-off of functional impact in all the nodes.
3. Summary and Proposal
The paper reviewed the benefit and motivation of Flow based QoS architecture looking from overall system perspective. The following were observed and proposed:
Observation 1: 
S1(NG2) signalling reduction gain is foreseen only for pre-authorized non GBR QoS types.

Observation 2:
There may not be much gain from RRC signalling reduction. 

Observation 3:
Finer granularity of packet identification within the same non-GBR service/tunnel and network resource (e.g., TEID) allocation saving gain are only applicable at NG2 (S1) interface and not at Uu interface.

Obsevation 4:
Unless other access technology also adopts the same Flow based QoS as defined in 3GPP, access agnostic aspect cannot be considered as benefit. 

Proposal:
It is proposed for RAN2 and SA2 to discuss whether the benefit of Flow based QoS architecture can justify the trade-off of functional impact in all the nodes and user-plane tunnelling protocol.
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