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Introduction
During RAN2-NR#1 and RAN2#97 the new user plane (UP) QoS framework for New RAN (i.e., LTE and NR connected to NGC) was discussed and the following agreements were achieved. 
Agreements:
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/UL packets;
2.	The new protocol layer is applicable for all cases connecting to the 5G-CN.
3.	Single protocol entity is configured for each individual PDU session.
4.	RAN2 to confirm that the timing of non-default DRB establishment (RAN to UE) for QoS Flow configured during PDU Session Establishment could be done NOT at the same time as PDU Session Establishment (up to eNB implementation).
5.	Working assumption from RAN2#96 is confirmed, i.e., first UL packet that doesn't have a mapping to a DRB, is mapped to a default DRB.
6.	“Lossless HO”, that is, lossless, in sequence without duplication to upper layers, should be supported in specification for intra-NR.
			- FFS whether we support QoS flow remapping at handover and, if supported, whether the handover is lossless for this case.
			
Considering these agreements, in this contribution we further discuss how the new QoS framework can be applied to LTE when connected to 5G-CN.
QoS framework in EPS and 5GS
LTE nodes connected to 5G-CN (LTE-5G-CN) shall employ the new QoS framework, which is currently being discussed for New RAN and is different from the EPS bearer framework used in LTE-EPC. In the following we provide a brief description of the EPS bearer framework and the current understanding of the new QoS framework to highlight their differences. 
  EPS bearer framework in LTE-EPC
In LTE-EPC to support multiple QoS requirements, different bearers are set up within EPS, each being associated with a QoS [1]. Broadly bearers can be classified as guaranteed bit-rate (GBR) or non-GBR.  Service data flow (SDF) packets mapped to the same EPS bearer receive the same bearer-level packet forwarding treatment. Providing different bearer-level QoS thus requires that a separate EPS bearer is established for each QoS flow, and user IP packets must be filtered into the different EPS bearers. In the access network, there is a 1:1 mapping between EPS and radio bearers (DRBs) and it is the eNB responsibility to ensure that the necessary QoS for a bearer over the radio interface is met. Each bearer has an associated Class Identifier (QCI) and an Allocation and Retention Priority (ARP). Each QCI is characterized by priority, packet delay budget and acceptable packet loss rate. The QCI label for a bearer determines the way it is handled in the eNB. A limited number of QCIs have been standardized so that different vendors can have the same understanding of the service characteristics and provide the corresponding treatment over the air interface, including RLC mode operation, queue management, conditioning, and policing strategy. The ARP of a bearer is used for call admission control, i.e., to decide whether the requested bearer should be established in case of radio congestion. 
Current understanding of QoS framework in LTE-5G-CN
In LTE-5G-CN, the QoS-flow concept replaces the EPS bearer framework [2]. A QoS-flow requires a given end-to-end QoS level. QoS-flows can be either GBR or non-GBR. Each QoS-flow is assigned a QoS-flow ID (QFI) which is used to identify the flow in the 5G system. The number of QoS-flows per UE might be larger than the number of EPS bearers per UE, thus several QoS-flows with similar QoS requirements may be mapped over the same DRB over the Uu interface. Therefore, in the radio interface there is a two-level mapping between SDF-flows to QoS-flows to DRBs. The RAN and the UE are responsible for the QoS-flows to DRBs mapping and in case RAN decides that there is a flexible (e.g., other than 1:1) mapping between QoS-flows and DRBs, this mapping shall be transparent to the upper layers and shall have no impact on the NG3 marking. Each QoS-flow has an associated 5G QoS indicator (5QI) and ARP parameter. A limited number of 5QI indicators is expected to be standardized (the role of 5QI in 5GS framework is expected to be similar as the role of QCI in the EPS bearer framework). It is up to the RAN to define the QoS-flows to DRBs mapping based on the 5QI. There are two types of QoS-profiles, namely “A-type QoS profiles” which have predefined QoS characteristics and “B-type QoS profiles” which have QoS characteristics dynamically signalled to the RAN over the NG2 interface. The mapping between QoS-flows and DRBs is performed by a new AS layer protocol (e.g., PDAP) on top of PDCP. The service access point (SAP) between the PDAP and the PDCP protocols shall be the DRB. 
An LTE node connected to both EPC and 5G-CN shall support both the EPS bearer framework and the new QoS framework. UEs that are connected to EPC shall employ the EPS bearer framework, while UEs connected to 5G-CN shall employ the new QoS framework. The impact of supporting the new QoS framework on LTE-RRC and LTE-PDCP protocols should be minimized. On the other hand, we expect that the new QoS framework will not impact the LTE lower-layer protocols (i.e., RLC, MAC and PHY). 
Proposal 1	An LTE node connected to both EPC and 5G-CN shall support both the EPS bearer framework and the new QoS framework. The impact of supporting the new QoS framework on LTE-RRC and LTE-PDCP protocols should be minimized. No impact is expected on the LTE lower-layer protocols.
5G QoS characteristics 
SA2 has decided that the 5QI should specify the following 5G QoS characteristics [2], which describe the packet forwarding treatment that a QoS-flow shall receive between the UE and the UPF: 
1. Resource Type (GBR or Non-GBR);
2. Priority level; 
3. Packet delay budget; 
4. Packet error rate.
The 5G QoS characteristics should be understood as guidelines for setting node-specific parameters for each QoS-flow, e.g., for deciding the scheduling policy in the RAN. These QoS characteristics are the same that are currently specified by the QCI in the EPS bearer framework. Therefore, QoS-flows will have the same QoS characteristics as EPS bearers. On one hand, this is beneficial because it allows to (at least partly) reuse current traffic engineering and QoS enforcement policies. On the other hand, in the current EPS framework, observability of QoS target fulfilment is difficult. In addition, we believe that some parameters are missing in the EPS bearer framework to help the RAN in taking optimal scheduling decisions. With optimal scheduling decisions, we intend that the RAN should provide each QoS-flow with the required service level while maximizing the usage of the radio resource. Therefore, we believe that there is a need for more well-defined QoS characteristics definitions that map directly to service performance. The new QoS framework offers the possibility of introducing these new QoS characteristics. 
Based on the above discussion, we submitted an SA2 contribution [3] in which we propose the introduction of new optional 5G QoS characteristics as part of the 5QI profile (in addition to the QoS parameters above which are already agreed in SA2):
5. Preferred bit-rate for non-GBR flows 
6. Averaging window size 
7. Relative priority 
8. Periodicity 
We believe that the introduction of these new optional 5G QoS characteristics will: (1) provide better observability of the QoS level, from which network operators will benefit, as it allows a better controllability of the SLA and a more consistent estimation of the performance of equipment from different vendors; (2) offer the possibility of performing a more optimal scheduling in the RAN without affecting the LTE-MAC operation, which will lead to an overall better QoE for the end-users and a more efficient radio resource usage.
Observation 1	The new proposed optional 5G QoS characteristics offer better observability of the QoS levels and the possibility of performing a more optimal scheduling in the RAN, without affecting the LTE-MAC protocol.

A more detailed description of the proposed QoS characteristics can be found in [4]. In the following, only a brief description is provided.
· Preferred bit-rate for non-GBR flows: Non-GBR flows do not require a minimum guaranteed bit-rate and thus they do not require any admission control mechanism based on QoS targets. Therefore, non-GBR flows are suitable for delay- and loss-insensitive applications (e.g., file download). However, each non-GBR flow can still be associated to a “preferred bit-rate” that is the (minimum) UL/DL bit-rate that would guarantee a given QoE to the end-users. Meeting the “preferred bit-rate” is not mandatory, and thus does not require for admissions control. However, the preferred bit-rate could give an indication to the radio resource management (RRM) on how to treat non-GBR flows. 
· Averaging window size: Services delivered over the 5G system may have very large variations in terms of bit-rate and packet arrivals. To evaluate adequately the bit-rate that is delivered by the network, each QoS-flow should be associated an “averaging time window”, which is the time window that should be used to assess the bit-rate of the QoS-flow. Without a standardized “averaging time window” the interpretation of the QoS-flow bit-rate is unclear and different definitions selected by different vendors could result in large variations of the measured bit-rates among the vendor implementations. The “averaging time window” would greatly improve the observability and the controllability of the QoS characteristics (e.g., bit-rate) and would allow to perform a more consistent comparison of different network equipment implementations. 
· Relative priority: In many cases the amount of radio resources is higher than what is needed to fulfill the minimum QoS targets. In this case, the excess of resources should be distributed to the QoS-flows. The resource management would need to know in what priority order the excess resources should be distributed among the QoS-flows. This is preferably done in a relative priority order, in contrary to the absolute priority order that is used, e.g., for admission control, pre-emption and for fulfilling the minimum QoS targets. A relative priority parameter may be used to, e.g., indicate a percentage share of resources to be assigned per flow. This may be applied to both GBR flows and non-GBR flows and is useful for services which are adaptive.
· Periodicity: The traffic generated by some services show a well-defined periodicity pattern, i.e., periodic arrival of packet bursts. An example are voice services and MTC services that show well-predictable periodicity. If the periodicity for each QoS-flow would be specified in the 5QI, effective pre-scheduling can be used in the RAN minimizing delays and signalling overhead. In addition, connected state DRX periods can be set more efficiently to limit battery consumption without affecting transmission delays. Therefore, introducing a periodicity parameter can lead to significantly more efficient RAN performance. 
Based on the above considerations, we suggest that RAN2 agrees that the new proposed QoS characteristics are beneficial for increasing QoS observability and RAN performance. Consequently, we suggest that RAN2 supports the introduction of these new optional 5G QoS characteristics.
Proposal 2	RAN2 agrees to that the new proposed optional 5G QoS characteristics should be introduced for LTE when connected to 5G-CN, to increase QoS level observability and RAN performance.  
Conclusion
In this contribution we discussed the new QoS framework in LTE connected to 5G-CN and we made the following proposals.  
Proposal 1	An LTE node connected to both EPC and 5G-CN shall support both the EPS bearer framework and the new QoS framework. The impact of supporting the new QoS framework on LTE-RRC and LTE-PDCP protocols should be minimized. No impact is expected on the LTE lower-layer protocols.
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