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In this contribution we 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 5GC (LTE-5GC) shall employ the new QoS framework, which is currently being discussed for NR 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 and congestion control, e.g., to indicate whether a bearer can be pre-empted in congestion situations. 
Current understanding of QoS framework in LTE-5GC
In LTE-5GC, 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, 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 N3 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. The mapping between QoS-flows and DRBs is performed by a new AS layer protocol (SDAP) on top of PDCP. 
An LTE node connected to both EPC and 5GC 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 5GC 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 parameters
The 5QI is the main QoS parameter and specifies the 5G QoS characteristics, 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. This is beneficial because it allows to (at least partly) reuse current traffic engineering and QoS enforcement policies.
In addition to 5QI and ARP which applies to all QoS flows, each GBR QoS flow is in addition associated with the following QoS parameters:
-	Guaranteed Flow Bit Rate (GFBR) - UL and DL;
-	Maximum Flow Bit Rate (MFBR) - UL and DL;
-	Notification control.
Each Non-GBR QoS flow may in addition be associated with the following QoS parameter:
-	Reflective QoS Attribute (RQA).
In the email discussion [3], RAN2 discussed the need for additional 5G QoS parameters that may be relevant for RAN and concluded it is benecial to define an averaging window parameter.  This parameter defines the length of the window used for measuring the data rate for GBR bearers and by making it explicit the data rate can be measured in a more consistent way across vendors.
Proposal 2	The same QoS parameters supported in NR should also be  supported in LTE connected to 5G-CN.  

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.
[bookmark: _In-sequence_SDU_delivery]Proposal 2	The same QoS parameters and characteristics supported in NR should also be  supported in LTE connected to 5G-CN.  
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Annex: Previous agreements on QoS
This annex contains a summary of the QoS related agreements made during the past RAN2 meetings.

RAN2 NR#1 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.


RAN2 97 agreements:

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.

RAN2 97bis agreements:

7.	NR/NR DC should support that different QoS flows of the same PDU session can be mapped to MgNB and SgNB. 
8.	In the case of NR/NR DC where different QoS flows of the same PDU session are mapped to MgNB and SgNB then there is one SDAP entity in the MgNB and one in SgNB for that PDU session.
			- RAN2 understand that support of this behaviour is still under discussion on SA2.

RAN2 98 agreements:

9.	From RAN2 perspective the existing QoS parameters, and in particular the concept of QCI/5QI to abstract QoS requirements between CN and RAN should be maintained in NR/NGC.
10.	RAN2 sees a benefit in providing a “averaging window” as new QoS parameter via N2. The RAN may use in this parameter in its scheduling decision e.g. to enforce MBR and GRB.
11.	No additional parameters are recommendation to SA2. 
12. RAN2 to ask SA2 to clarify the use and corresponding actions from CN related to the notification control to CN, if the QoS targets cannot be fulfilled in RAN

RAN2 NR#2 agreements:
13.	At SN addition and at new PDU session establishment then MN makes the decision which QoS flows are moved SN
		- FFS Whether the SN can reject the movement of a QoS flow.
14.	Irrespective of which node makes the decision of where a QoS flow is mapped (to MN or SN) then RAN2 will aim that the RRC signalling is the same.
15.	The MN makes the decision to move ongoing/existing QoS flows to the SN (this agreement does not imply whether the QoS flow is moved by moving a single flow or by moving a whole bearer)
			FFS Whether MN or SN takes the decision for flows being moved from SN to MN
16.	The SN can reject the addition of a QoS flow, and inform the MN.
17.	The DRB level offloading (i.e. offloading all QoS flows of a DRB) is supported between the MN and SN. 
		FFS: The QoS flow level offloading between the MN and SN, and if supported then whether lossless handover can be supported.
18.	The lossless handover user plane procedure could be reused for DRB level offloading, if mapping is maintained in the target node.
		FFS: If the case where mapping is not maintained can support lossless handover
19.	The SN is responsible for the DRB management  (e.g., setup, modify, release) of SCG/SCG-split bearers, and the QoS flow -> DRB mapping at the SN
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