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1 Introduction

In this contribution, we discuss the general issue for QoS.
2 Discussion
2.1 QoS framework in LTE V2X
In cellular system, 5GS enhances the EPS QoS framework over Uu interface – compared with EPS, the difference are as follows:
· The one-to-one mapping between radio bearer and EPS bearer is changed to one-to-many mapping between radio bearer and QoS flow;

· The one-level mapping from application layer packet to bearer is changed to two-level mapping from application layer packet to QoS flow to bearer;

· SDAP layer is added to handle the QoS flow related issue at AS layer.

Observation 1 The QoS framework change in 5G cellular system is motivated by the introduction of QoS flow.

In LTE-V2X sidelink system, the QoS framework is different from cellular system in the following aspects:
· The bearer/flow-specific QoS vs. a per-packet QoS;
· The network controlled application packet to radio bearer mapping vs. the UE implemented application packet to radio bearer mapping;

Observation 2 In LTE-V2X sidelink system, QoS profile is indicated to AS layer by upper layer in a per-packet way.
Observation 3 In LTE-V2X sidelink system, QoS profile to SLRB mapping is decided by UE implementation.

2.2 QoS framework in NR V2X
2.2.1 Per-flow vs. Per-packet
According to the latest SA2 progress, i.e., solution #19 in TR 23.786, SA2 is considering to introduce PC5 QoS flow for unicast (as in 6.19.2.1), whereas apply VQI in a per-packet manner to indicate the PC5 QoS parameters for broadcast (as in 6.19.2.2) and groupcast (as in 6.19.2.3). Therefore, the "per-flow QoS model" and "per-packet QoS model" can be differentiated by 
· Per-flow: the upper layer classifies the packets into PC5 QoS flows, and AS layer perform the flow-to-bearer mapping;

· Per-packet: the upper layer indicates the QoS profile for each packet, and AS layer perform the QoS-profile-to-bearer mapping;
Observation 4 The difference between per-flow and per-packet method is whether it is flow ID or QoS profile that is provided by V2X layer for AS layer to map to SLRB.

Different from cellular network, where flow ID is use in core network explicitly, flow ID is limited to inter-layer interaction within UE for sidelink. Functionality-wise, there is no essentially difference, since finally the task is to map from QoS metric (from application layer) to bearer (at AS layer), no matter whether V2X layer add another metric of QFI to represent QoS metric.
Observation 5 Both per-flow and per-packet model is to map QoS metric indicated by application layer to bearers at AS layer, i.e., the same functionality.
Some arguments for per-flow method are the signaling reduction, i.e., QoS profile may occupy more bits than the QFI, but that is questionable because the ‘invisible’ UE-internal signaling between layers are purely UE implementation, and the only ‘visible’ signaling is at air interface

· For UL, if gNB only get QFI information yet not QoS profile information, gNB can hardly know anything about QoS requirement. Please note that even if gNB may get the QoS-to-QFI mapping from PCF, the signaling between PCF and UE (on Npcf) has to be w.r.t. QoS profile, i.e., the bits for QoS still count.
· For DL, if gNB only configures QFI-to-bearer mapping yet not QoS-to-QFI mapping, UE still cannot figure the out the ultimate QoS-to-bearer mapping. Please note that even if UE may get the QoS-to-QFI mapping from PCF, the bits for signaling between PCF and UE (on Npcf) still count.

Therefore, the benefit on signaling overhead reduction seems not yet clear.
Proposal 1 RAN2 clarify the motivation to go for per-flow QoS model.

2.2.2 SDAP functionality
If RAN2 agrees on the per-flow model, a further issue is the necessity of SDAP layer. Looking at the SDAP layer header format, different functionality is expected from DL and UL SDAP header:

· For DL: it is used for reflective QoS, i.e., in order for RX (i.e., UE) to know how to do the mapping of QoS flow from IP flow to QoS flow (NAS reflective QoS) and/or from QoS flow to radio bearer (AS reflective QoS);

· For UL: it is used for RX (i.e., ng-eNB, gNB) to know how to map the packet to QoS flow in 5GC;

Observation 6 SDAP header is used for reflective QoS in DL and for mapping to QoS flow in UL.
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Figure 3 SDAP header format (left: UL, right: DL)

Then looking at V2X, both functionality are not needed. In other words, one does not need to configure the SDAP header explicitly. And the functionality for SDAP layer is only for TX UE to perform the flow to bearer mapping. 
Proposal 2 If RAN2 agrees on SDAP layer for sidelink, do not configure SDAP header explicitly, and not pursue any functionality of SDAP layer except flow-to-bearer mapping at TX UE side.
2.2.3 QoS-related procedure design
In the following text, we look into the unicast procedure, as shown in Figure 1. In more details, the procedure can be divided into following steps:
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Figure 1 QoS report and enforcement procedure for unicast

· Step-0 is for upper layer to provide QoS input to AS layer, regardless of per-flow or per-packet model. Please note that the QoS comes from the TX side, either for controller UE as transmitter or for controlled UE as transmitter;
· Step-1 is for controlled entity to report QoS requirement to the controlling entity:

· In step-1a, the QoS report is agreed by SA2 (solution#19, TR 23.786) for unicast session.

1.
UE-1 sends a Direct Communication Request message to UE-2 in order to trigger mutual authentication. This message includes the requested PC5 QoS parameters.
· In step-1b, the QoS report is already implemented in LTE-V2X via SUI and UAI, e.g., to report PPPP and / or PPPR value.

· Step-2 is for controlling entity to send configuration parameter to the controlled entity:
· In step-2a, the configuration is from network to controller UE, which has already been addressed above as network controlled mapping;

· In step-2b, the configuration is from controller UE to controlled UE, which has been agreed as above.

2.
UE-2 initiates the procedure for mutual authentication. The UE-2 includes the accepted PC5 QoS parameters in the Response message.
Where step-1b and step-2a are optional, considering the controlling UE may be out of coverage or in IDLE state.

Observation 7 Network needs to be involved into the QoS related procedure design.
According to the email discussion [104#58], one possible implementation of step-1b/2a is that controller UE reports QFI to network, and network configures the QFI to bearer mapping. So the left issue is whether the same logic can be apply to step-1a/2b for controlled UE:
A. Either the controller UE only configures the QFI to bearer mapping;
B. Or the controller UE configures both QoS profile to QFI mapping, and QFI to bearer mapping;

Regardless of stage-3 details, one left issue for A is how for controller UE know the QoS profile to QFI mapping of controlled UE, which is the premise of further QFI to bearer mapping. 
Observation 8 It is pending SA2 decision that whether controller UE needs to configure QoS profile to QFI mapping for controlled UE in unicast case.
A further issue is whether the QoS-to-QFI mapping (if controlled by the controller UE), and QFI-to-bearer mapping of controlled UE, should be further decided by network, in case the controller UE is in coverage or in CONNECTED state. Considering the former issue is pending SA2 decision, at least the latter one is in RAN2 scope.

Proposal 3 RAN2 discuss whether the QFI-to-bearer mapping of controlled UE should be further controlled by the network if the controller UE is in coverage or in RRC_CONNECTED state.
Before looking into this issue, one can divide the “configuration” into 3 types:

A. TX-only parameters: which are the QoS-related parameters that are handled by TX UE only, e.g., PDCP discard timer, LCP related parameters (PBR, LCH-to-carrier mapping) and etc.

B. RX-only parameters: which are the QoS-related parameters that are handled by RX UE only, e.g., re-ordering timer, reassembly timer and etc.

C. TX-and-RX parameter: which are the QoS-related parameters that need to be known by both TX and RX UE, e.g., SN length.

As shown in Figure 1, both UEs have the 3 types of parameters, as part of the bearer configuration.

Observation 9 The SLRB configuration can be divided into 3 types, i.e., TX-only, RX-only and TX-and-RX related parameters. 

Furthermore, type-A/B/C parameter are needed at both UEs, for a same SLRB, no matter which UE initiates the traffic. In other words, considering most traffics are bi-directional, all 3 types of parameters have to be configured at both UEs for a same service.

Observation 10 The 3 types of parameters need to be configured at both UEs for a same bi-directional traffic.

According to the email discussion result in [104#58], at least type-A and type-C parameter of controlling UE can be in network control.

Proposal 4a: For V2X transmission in SL unicast, SLRBs are NW configured or pre-configured, and the configuration of each SLRB may include transmission related parameters which do not need to be known by the receiver UE, plus some parameters that are configured at the transmitter UE and also need to be known by the receiver UE (depending on those concluded in Q5).
Observation 11 The QoS email discussion has indicated that the type-A and type-C parameters of controlling UE being under network control
For type-B parameter at controlling UE, we see no difference compared to type-A/C parameter as observed above, so would prefer an aligned solution, i.e., similar to type-A/C parameter, one can rely on the network if the controlling UE is in coverage. Otherwise, one can rely on controlling UE itself to decide on the configuration. Before this step, QoS information is needed as input, e.g., 
· Either controlled UE can report the QoS requirement to controlling UE, in case the traffic is initiated by controlled UE, which is already available in the whole picture.
· Or if the traffic is initiated by the controlling UE itself, no QoS requirement exchange is needed.

Proposal 4 For RX-only parameters at controlling UE in unicast case, it is configured by controlling UE, who may further obtain the configuration from network.
For type-C parameter at controlled UE, which has to be aligned between the two UEs, it is straightforward that it is under control of controlling UE, which further relay the decision from the network entity.

Proposal 5 For TX-and-RX related parameters at controlled UE in unicast case, it is configured by controlling UE, who may further obtain the configuration from network.

For type-A/B parameter at controlled UE, one can further decide

1. Decided by network;

2. Decide by controller UE its own;

3. Decide by controlled UE;

If one goes for Alt-3, the controlled UE has to acquire the QoS requirement, e.g., from controlling UE, in case the traffic is initiated by the controlling UE. On the contrary, similar to type-A/C parameter, one rely on controlling UE, which is further Alt-1 if it is in coverage, or Alt-2 if not. Here we see no difference between type-A/B parameter and type-C parameter for controlled UE, so would prefer an aligned solution.

Proposal 6 For TX-only and RX-only related parameters at controlled UE in unicast case, it is configured by controlling UE, who may further obtain the configuration from network.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
The QoS framework change in 5G cellular system is motivated by the introduction of QoS flow.
Observation 2
In LTE-V2X sidelink system, QoS profile is indicated to AS layer by upper layer in a per-packet way.
Observation 3
In LTE-V2X sidelink system, QoS profile to SLRB mapping is decided by UE implementation.
Observation 4
The difference between per-flow and per-packet method is whether it is flow ID or QoS profile that is provided by V2X layer for AS layer to map to SLRB.
Observation 5
Both per-flow and per-packet model is to map QoS metric indicated by application layer to bearers at AS layer, i.e., the same functionality.
Observation 6
SDAP header is used for reflective QoS in DL and for mapping to QoS flow in UL.
Observation 7
Network needs to be involved into the QoS related procedure design.
Observation 8
It is pending SA2 decision that whether controller UE needs to configure QoS profile to QFI mapping for controlled UE in unicast case.
Observation 9
The SLRB configuration can be divided into 3 types, i.e., TX-only, RX-only and TX-and-RX related parameters.
Observation 10
The 3 types of parameters need to be configured at both UEs for a same bi-directional traffic.
Observation 11
The QoS email discussion has indicated that the type-A and type-C parameters of controlling UE being under network control


Based on the observations, we propose:
Proposal 1
RAN2 clarify the motivation to go for per-flow QoS model.
Proposal 2
If RAN2 agrees on SDAP layer for sidelink, do not configure SDAP header explicitly, and not pursue any functionality of SDAP layer except flow-to-bearer mapping at TX UE side.
Proposal 3
RAN2 discuss whether the QFI-to-bearer mapping of controlled UE should be further controlled by the network if the controller UE is in coverage or in RRC_CONNECTED state.
Proposal 4
For RX-only parameters at controlling UE in unicast case, it is configured by controlling UE, who may further obtain the configuration from network.
Proposal 5
For TX-and-RX related parameters at controlled UE in unicast case, it is configured by controlling UE, who may further obtain the configuration from network.
Proposal 6
For TX-only and RX-only related parameters at controlled UE in unicast case, it is configured by controlling UE, who may further obtain the configuration from network.
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