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1	Introduction
[bookmark: _Ref178064866]In [1], a new Study Item identifying three main areas of study, i.e., XR-Awareness in RAN, XR specific power savings and XR specific capacity improvements, was agreed. 
“Objectives on XR-awareness in RAN (RAN2):
· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.
· Study how the above information aids XR-specific traffic handling.”
In RAN2#120 the following agreements related to the study topic was made.
· RAN2 to support timer-based discarding of UL transmit side of PDCP PDU/SDUs of a PDU set. FFS how this is modelled in PDCP specification, can be discussed in WI phase.
In this contribution we discuss our view on the need for PDU set prioritization and show why it is not beneficial for the intended use cases.
2	Discussion on PDU Prioritization 
2.1	Overview of PDU Set prioritization
“Importance information” has been highlighted as a potential application/traffic information for XR services. This has been discussed extensively in RAN2 as well as in SA2. At this stage, the following considerations must be taken into account before reaching a conclusion:
· SA4, group which is familiar with applications and codecs, have stated that all application data should be aimed to be delivered and that all losses of PDU Sets will impact the quality of experience. There has been no indication that any PDU set is more important than any other PDU set. Thus, the introduction of “importance information” or RAN actions based on this information are not justified.
· SA2 has discussed having service differentiation based on “important information” indicator; however, SA2 agreed that no differentiation was needed and, therefore, it would not separate PDU sets into different QFIs. This decision is aligned with the fact that SA4 never said that “importance information” is available and that PDU sets have such a characteristic, and RAN2 has not shown gains.
[bookmark: _Toc127267303][bookmark: _Toc127477609][bookmark: _Toc127476264]SA4 has indicated that all PDU Sets are important and should be aimed to be delivered. Thus, RAN2 cannot assume that any prioritization is desired from an application point of view. 
[bookmark: _Toc127267304][bookmark: _Toc127476265][bookmark: _Toc127477610]SA2 agreed that there is no need to treat PDU sets differently and PDU sets will not be separated into multiple QFIs.

Considering that neither SA2 nor SA4 have justified or requested any differentiation based on an “importance information and, SA2 does not see the need to introduce any service differentiation using the current 5G QoS framework, we can conclude that, neither “importance information” nor RAN actions on this information are needed or wanted.
Quantitatively, this paper has provided evaluation results which shows the impact on the performance when such “importance information” is available. No gains were found and, in certain cases, there were performance losses.
[bookmark: _Toc127267305][bookmark: _Toc127476266][bookmark: _Toc127477611]Introducing new functionality in RAN to do PDU Set prioritization has no technical merits and is not technically justified.

2.2	5GC QoS framework and prioritization indication in RAN
All this evidence only leads to one conclusion: “importance information” is both: not needed and negative for the system performance. Thus, introducing new functionality in RAN has no technical merits and is not technically justified by any means. 
[bookmark: _Hlk126677939]Even if “importance information” would be found to be slightly useful in some specific scenario, RAN2 has limited capabilities to modify the 5G QoS framework and must comply with it. User Plane traffic with the same QFI within a PDU Session receives the same traffic forwarding treatment (e.g. scheduling, admission threshold). Thus, differentiating PDU sets within the same QFI is, by QoS framework definition, not allowed. SA2 agreed that UPF would not provide any QFI differentiation based on the priority indication. Thus, all types of frames would be mapped with the same QFI. It cannot be argued that DC, for instance, breaks this rule. It does not. In DC, one PDCP is split into two different nodes to provide diversity and redundancy to the UE. All PDUs having the same QFI would receive the same traffic forwarding regardless of the node in which the data is transmitted or received. This is different than what some companies are attempting to do here, which is providing different treatment to the packets which have the same QFI.
If service differentiation is wanted – which all evidence points to the opposite direction – SA2 should ensure that PDU sets are assigned to the corresponding QFI. 
[bookmark: _Toc127267306][bookmark: _Toc127476267][bookmark: _Toc127477612]The QoS framework mandates the RAN to treat all packets within a QFI (i.e. within a DRB) equally; thus, importance information shall not be considered within a DRB.
[bookmark: _Toc127267307][bookmark: _Toc127476268][bookmark: _Toc127477613]If different forwarding treatment is needed, SA2 should ensure that PDU sets are assigned to the corresponding QFI. 

Based on the discussion in previous sections, it is proposed that:
[bookmark: _Toc127477619]RAN2 shall comply with 5GC QoS framework: PDUs within a QFI receive same traffic forwarding and thus, priority indication, shall not be used in RAN.
[bookmark: _Toc127477620]Inform SA2 that RAN2 will follow the QoS framework architecture and to provide differentiated treatment, if wished by SA2, PDUs must be differentiated via the QFI.

PDU Set importance has been proposed to be beneficial for two different types of PDU Set prioritization, either something that could be called “Intra UE PDU Set prioritization” where importance level determines which PDU Set is prioritized to be transmitted first from this user, or something that could be called “Inter UE PDU Set prioritization” where the importance level is used in the selection of the order which different users are to be scheduled. To understand the impact of these two prioritization schemes the rest of this paper will analyze them in detail. 

2.3	Intra UE PDU Set prioritization
2.3.1	Overview of impact
As pointed above, intra PDU Set prioritization is not allowed by current 5G QoS framework. User Plane traffic with the same QFI within a PDU Session receives the same traffic forwarding treatment (e.g. scheduling, admission threshold). Thus, differentiating PDU sets having within the same QFI is, by QoS framework definition, not allowed.
For intra PDU Set prioritization the first and most basic observation to be made is that prioritizing PDU Sets in any other way than the order of arrival will make some PDU Sets to be delivered faster in expense of some other PDU Sets being delivered slower. Essentially, an existing PDU Set in the buffer will not be prioritized to be completely delivered if a later arriving PDU Set takes priority to be delivered. The only way this can be beneficial is if delivering of the lower importance PDU Set can be skipped altogether, i.e. the PDU Set is dropped. Dropping packets can free up resources for other users and in turn potentially improving the overall capacity in the cell. The concept of dropping and implications of it is in detail described in our sister contribution on the PDU Discard sub AI [2]. However, it is important to note that dropping, or late delivery, will always impact user experience and thus the usage of such solutions will require careful considerations of all factors, e.g. if likely meeting the QoS requirements for a PDU Set, then dropping should not be performed. In the end it will be very situational if dropping based on a theoretical PDU Set priority is a beneficial thing to do. Thus, it is in our understanding that usage of such information would require to take into account multiple of factors and create very complex solutions and to justify them there should be clear indications that there will be significant gains in system capacity.
[bookmark: _Toc127267308][bookmark: _Toc127476269][bookmark: _Toc127477614]Prioritization using PDU Set Importance information in RAN implies introducing complex solutions. 

2.3.2	Detailed description of prioritization scenarios
There are a few different scenarios where the choice of prioritization scheme will make an impact. First, it should be noted that prioritization is only relevant when there are multiple PDU Sets ends in the buffer at the same time, which in turn implies that transmission of an earlier PDU Set didn’t finish before the arrival of a new PDU Set. Further, the only reason to introduce importance information of PDU Sets is if a later arriving PDU Set should have higher priority over the PDU Set already existing in the buffer (prioritizing in order of arrival is considered legacy behavior). An overview of the basic scenario is shown in Figure 1. In this case, the later arriving PDU Set (PDU Set 2) takes priority over the existing PDU Set (PDU Set 1) and delays the transmission of it, potentially creating a failure to meet the deadline.

[bookmark: _Toc118111377][bookmark: _Toc118361638][bookmark: _Toc118408551][bookmark: _Toc126150356][bookmark: _Toc127266818][bookmark: _Toc127477621][image: A picture containing icon

Description automatically generated]
[bookmark: _Ref126237937]Figure 1 Sequence when prioritizing based on specified PDU Set importance and not based on order of arrival. Red bars show the buffered data for the PDU Set decreasing when being scheduled based on the data rate.

[bookmark: _Toc127267309][bookmark: _Toc127476270][bookmark: _Toc127477615]Introducing PDU Set importance increases the risk of late PDU Sets.

The occurrence of the above-described scenario is what the simulation results show (section 2.2.3), i.e. introducing prioritization of PDU Sets that is not based on their arrival time increases the risk of late packets. Furthermore, the results show that there is less increase in PDU Sets that successfully meet the PDB, i.e. prioritizing a later arriving PDU Set has a low chance to increase its probability to meet the PDB. This can also be explained by looking at the scenarios where PDU Sets fail to meet the PDB requirement. Start by consider the scenarios depicted in Figure 2 and Figure 3, which describe what happen when prioritizing based solely on order of arrival for either a good or poor performing user.

[image: Logo

Description automatically generated with low confidence]
[bookmark: _Ref126237951]Figure 2 Sequence when prioritizing based on order of arrival for a good performing user (i.e. high rate). Red bars show the buffered data for the PDU Set decreasing when being scheduled based on the data rate

[image: A picture containing icon

Description automatically generated]
[bookmark: _Ref126237984]Figure 3 Sequence when prioritizing based on order of arrival for a poor performing user (i.e. low rate). Red bars show the buffered data for the PDU Set decreasing when being scheduled based on the data rate

Obviously, the only scenario worth improving with different prioritization is the one described in Figure 3, i.e. the one with the poor performing user. Now consider Figure 4 which shows the scenario of applying PDU Set importance to the poor performing user.
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[bookmark: _Ref126237959]Figure 4 Sequence when prioritizing based on PDU Set importance for a poor performing user (i.e. low rate). Red bars show the buffered data for the PDU Set decreasing when being scheduled based on the data rate

The example sequences show that there is a very little chance that prioritizing the higher priority PDU Set will make any difference for this user, i.e. prioritizing based on PDU Set importance doesn’t help a poor performing user to meet the PDU Set delivery deadlines. This is also shown in simulation results.
[bookmark: _Toc127267310][bookmark: _Toc127476271][bookmark: _Toc127477616]Introducing PDU Set importance has a low chance to increase the number of PDU Sets that successfully meet their delivery deadline. 

2.4	Inter UE PDU Set prioritization
The other type of PDU Set prioritization is in scheduling between users. In this way the PDU Set priority would influence the selection process and the order in how the users get radio resources by the network.
Doing inter-PDU prioritization for two identical DRBs in two UEs, would also break the 5G QoS framework as DRBs having the same QFI should necessarily be treated identically. Considering the 5G QoS framework, setting different QFIs and, therefore, DRBs would be the means to achieve inter-PDU set prioritization.
As in the previous section, it is needed to look at the scenarios where prioritization could have an effect. For the case of inter UE prioritization there must be a shortage of resources, i.e. congestion, otherwise all UEs could be supported and no prioritization is needed. In congestion scenarios it is likely not possible to meet the requirements for all users. The goal of scheduling algorithms is then to make the selection so that most users will be satisfied, i.e. reaching the highest capacity in the network. An example of such algorithm is delay scheduling. Such algorithm can consider factors like data rates and packet sizes (other XR enhancements include enhancements to BSR where the reports contain finer size granularity coupled with delay information to help improve the scheduling algorithm) to make the best selection and support the most users according to the requirements. In the same way as with discarding solutions, if a user is deemed not possible to be supported, then it may not be scheduled at all, and resources are then freed up to be provided for other users. Introducing prioritization based on PDU Set Importance to these algorithms will disturb the selection process of users with the same QoS priority. It will inevitably lead to more users having late packets in a system with varying radio conditions, since not only the worst users are omitted from scheduling but instead all users may not be scheduled at different times based on the importance indicated for their packets. In other words, all users will likely have many more of their low priority packets not delivered according to the requirements. It will thus increase the packet error rate (PSER) for most users in the system while lower it only for some of the worst users. In the end, the result will be that lower XR capacity in the network is reached.
[bookmark: _Toc127267311][bookmark: _Toc127476272][bookmark: _Toc127477617]The usage of importance information for prioritization between users can result in lower XR capacity. 

2.5	Evaluations results
[image: ]
Figure 5 - Evaluation of frame dependence for multi-flow GoP traffic with PF scheduler. Here, if a frame is missing, then all dependent frames are also marked as missing.

In Figure 5 we provide simulation results based on the traffic models defined in TR 38.838. In this simulation we evaluate the DL system capacity for Cloud Gaming assuming 30 Mbps and 15 ms PDB and compares the scenario with a baseline traffic model where all video frames have the same priority and no dependency (red line) with scenarios using a multi-flow Group of Picture (GOP) traffic model defined in 38.838 [3]. For the multi-flow traffic model, the simulation considers dependency between I-frames and P-frames (if a reference I-frame is lost then dependent P-frames are also marked as lost) as well as assigning different priority between the I-frames and P-frames. As can be seen from the figure, prioritizing one frame type over the other shows negative impact on XR system capacity when comparing the same frame priority case (green line) and the different frame priority cases (blue and black lines), i.e. using PDU Set prioritization increases the number of late frames. These results show that considering even the simplest priority scenario (only two types of frames in the traffic flow) and the heaviest dependency between the frames, i.e. the higher priority I-frame is the most valuable to receive, there is still a downside to use PDU Set priority. 
[bookmark: _Toc127267312][bookmark: _Toc127476273][bookmark: _Toc127477618]The usage of importance information for prioritization between PDU Sets will result in an increase in late PDU Sets and also less satisfied XR users in the system. 
[bookmark: _Toc126765113]
[bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	SA4 has indicated that all PDU Sets are important and should be aimed to be delivered. Thus, RAN2 cannot assume that any prioritization is desired from an application point of view.
Observation 2	SA2 agreed that there is no need to treat PDU sets differently and PDU sets will not be separated into multiple QFIs.
Observation 3	Introducing new functionality in RAN to do PDU Set prioritization has no technical merits and is not technically justified.
Observation 4	The QoS framework mandates the RAN to treat all packets within a QFI (i.e. within a DRB) equally; thus, importance information shall not be considered within a DRB.
Observation 5	If different forwarding treatment is needed, SA2 should ensure that PDU sets are assigned to the corresponding QFI.
Observation 6	Prioritization using PDU Set Importance information in RAN implies introducing complex solutions.
Observation 7	Introducing PDU Set importance increases the risk of late PDU Sets.
Observation 8	Introducing PDU Set importance has a low chance to increase the number of PDU Sets that successfully meet their delivery deadline.
Observation 9	The usage of importance information for prioritization between users can result in lower XR capacity.
Observation 10	The usage of importance information for prioritization between PDU Sets will result in an increase in late PDU Sets and also less satisfied XR users in the system.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 shall comply with 5GC QoS framework: PDUs within a QFI receive same traffic forwarding and thus, priority indication, shall not be used in RAN.
Proposal 2	Inform SA2 that RAN2 will follow the QoS framework architecture and to provide differentiated treatment, if wished by SA2, PDUs must be differentiated via the QFI.


4 References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-213587, Study on XR Enhancements for NR, Nokia, RAN#94e, December 2021.
[bookmark: _Ref115077731]R2-2301509, Discussion on PDU Discard, Ericsson, RAN2#121, Athens, Feb 2023
[bookmark: _Ref97293467]3GPP TR 38.838, “Study on XR (Extended Reality) Evaluations for NR (Release 17)”, V17.0.0, Dec. 2021.



	4/4	
image1.png
PDU Set 1
Low priority
PDB t=5

PDU Set 2
High priority
PDB t=7





image2.png
PDU Set 1
PDB t=5

PDU Set 2
PDB t=7

Iiﬂ

II iﬂ

t

0

t

1

t

2

t

3

t

4

t

5

t

6





image3.png
PDU Set 1
PDB t=5

PDU Set 2
PDB t=7

i §

t=6  t=7




image4.png
PDU Set 1
Low priority
PDB t=5

PDU Set 2
High priority
PDB t=7

. 8

t=6  t=7




image5.png
Satisfied fraction of UEs

e
©

e
©

e
3

e
Y

e
13

e
IS

e
w

0.1

——Baseline 30Mbps 15ms
~=¥-—GoP 30Mbps 15ms

=¥#—GoP Prio P-frame 30Mbps 15ms
—¥— GoP Prio I-frame 30Mbps 15ms

6 8 10 12
Number of UEs per Cell

14




