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Introduction
In continuation of the 3GPP work on XR in RAN1 and SA4 in Rel-17, RAN has approved a RAN2-led study item on XR enhancements for NR in Rel-18 [1]. According to the study item description, RAN2 should study how XR awareness can help aid XR-specific traffic handling.
	The study is to be based on Release 17 TR 38.838, on corresponding Release 17 work from SA4 (as per SP-210043) and on Release 18 work from SA2 (as per SP-211166). 
1.  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.



During RAN2#119e, the following agreements have been reached to identify the main directions of potential enhancements for XR-awareness improvement in this SI:
	RAN2#119e Agreements
RAN2 should take SA2/SA4 work into account
RAN2 assumes that PDU Set based parameters and PDU Set related information may be used for better support of XR services. RAN2 can consider both UL and DL directions.
RAN2 will study PDU Set based parameters and PDU Set related information handling in Network and UE
RAN2 to adopt the current SA2 definition of PDU Set as an application media unit as working assumption, subjected to further guidance from SA2 and SA4. 
XR awareness discussion in RAN2 should consider PDU set characteristics and how to use the information available on those (for UL and/or DL). Can also consider how to handle data bursts.
RAN2 can study e.g. periodicity, arrival time, jitter and frame-size variations for XR awareness to enable power savings and capacity enhancements. Can study also how often such parameters change (i.e. how dynamic they are).
RAN2 can consider how PDU sets can be mapped to DRBs (FFS if SA2 discussion on PDU set mapping to QoS (sub-)flows impacts this)




This paper aims to discuss some of our views on how RAN2 can make use of PDU sets and/or data bursts in UL or DL direction. Moreover, we provide our perspective on how PDU sets can be mapped to DRBs and whether/how SA2 discussion on PDU set mapping to QoS flows or sub-flows impacts RAN2. 

Discussion
PDU Sets and Data Bursts
RAN2#119e had discussed in a short post email discussion [Post-119][261][XR] on how RAN2 can make use of PDU Sets and/or Data Bursts in UL or DL direction. 
While Data Burst information is already available through TSCAI on a per QoS flow basis, XR traffic benefits from a finer granularity down to the boundary of a PDU Set, for example, to support power saving and efficient use of radio resources. A set of QoS parameters has been identified to be associated with PDU Sets, and RAN2 will need to provide more information to SA2 in the future. We think that the media unit of a PDU Set should be used to define traffic pattern and parameters for XR. 
Proposal 1: Awareness of PDU Sets is used to enable differentiated treatment of XR traffic. The media unit of a PDU Set should be used to define parameters for XR.
Proposal 2: PDU Set parameters to facilitate RAN awareness of XR include groups of packets, where importance/priority, periodicity, packet arrival time (start/stop), sequence, boundary, size, and jitter of PDU Sets can help schedule and utilize radio resources more efficiently. The information should be available independently for UL and DL. 

SA2 perspective on PDU Sets and QoS flows
In preparation of SA2#153e, SA2 had an email discussion to collect views on KI#4 and KI#5 where the mapping of PDU Sets to QoS flows was touched upon [2]. 
	Q2. How to deliver PDU Set importance information to RAN:
· Option 1: use different QoS Flows with different priority level. PDU Set importance is mapped to existing QoS flow priority.
· Option 2: use one QoS flow for different PDU Set with different priority level
· Option 2.1: use different sub-QoS Flow within one QoS Flow, and using sub-QoS flow Identifier in GTP-U header
· Option 2.2: use PDU Set importance information in GTP-U header



Essentially two main options were discussed. In the first option (called model 1 below), different PDU Sets map to different QoS flows. In the second option (called model 2 below), multiple PDU Sets or sub-QoS flows are mapped to the same QoS flow. Overall, there are 3 directions as far as the QoS flow mapping is concerned. 
1) Multiple QoS Flows are used for different PDU Set importance levels (SA 2 option 1)
2) Sub-QoS flows are used for different PDU Set importance levels (SA2 option 2.1)
3) A single QoS Flow is used for different PDU Set importance levels (SA 2 option 2.2) 
Further, we note that whether the importance level of a PDU Set will be available from end-to-end is yet to be concluded by SA2. A brief summary of the different options (or models) is provided below. 
Model 1
In this model the UPF (e.g., in DL) applies a mapping of multiple PDU Sets to different QoS flows so that each type of PDU Set is mapped to a single QoS flow on the N3 interface. The RAN can then map those QoS flows to DRBs. In this option the SMF/UPF has additional complexity while the RAN follows the existing QoS model. 
Model 2
In this model the UPF (e.g., in DL) sends multiple PDU Sets in the same QoS flow to the RAN over the N3 interface along with an importance field. The RAN then maps PDU Sets / packets based on the importance level to different DRBs. In this option the RAN has additional complexity and the existing QoS model has to be extended. The potential extensions are two-fold: 
a) The QoS flow is no longer the finest granularity of QoS differentiation in the PDU Session
b) QoS flows arriving at SDAP may be mapped to multiple DRBs, which is a departure from the existing QoS model 

Mapping of QoS flows to DRBs
While the mapping of PDU Sets to QoS flows is mainly in SA2 domain, from RAN2 perspective we are interested what this means to the mapping of QoS flows to DRBs and the treatment of data in the user plane. 
For the mapping of QoS flows to DRBs, depending on whether mapping is 1:1 or N:1, possible options might unfold into two models. This is illustrated by the high-level examples in Figure 1. 
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Figure 1: QoS flow to DRB mapping in the RAN and in the UE
In the figure above, it is assumed that a “PDU Set” may be handled (mapped to QoS flows) at a layer above SDAP and “QoS flow” may be handled at a layer below NAS (e.g., SDAP), and the box entitled “DRB” would refer to the PDCP layer (and below). In the following, we provide a brief analysis on each of the model variants.

Model 1a – Multiple QoS flows map to different DRBs
With each type of PDU Set using its own DRB the existing principles can be reused, scheduling in the RAN becomes straightforward. All that is needed are appropriate QoS flow to DRB mapping rules to be provided by the RAN to the UE. A big advantage is that extensions of the existing QoS model are not needed here. QoS differentiation for PDU sets can be achieved with minimal changes. While in-order delivery of packets with dependencies between PDU Sets may be more challenging, in our view lower layers anyway need to maintain awareness of PDU Set borders and sequence numbers of PDUs within a PDU Set, thus some enhanced reordering functionality can be considered. 
Observation 1: In our view Model 1a is preferred for as long as the number of DRBs does not extend beyond what is currently supported by the 5G NR system. RAN2 may consider this model for types of PDU Sets with large QoS differentiation (e.g., I-frames and P-frames can be mapped to different DRBs).

Model 1b – Multiple QoS flows map to one DRB
If multiple PDU Sets of similar types exist (for example, PDU Sets of I-frames of XR traffic flow 1 on QoS flow 1 and PDU Sets of I-frames of XR traffic flow 2 on QoS flow 2), and QoS flow 1 and 2 have similar QoS characteristics then they can be transmitted in the same DRB. This helps limit the number of DRBs configured for XR traffic for one UE. This type of functionality is already supported by the current QoS model. 
However, Model 1b works best if the PDU Sets (QoS flows) are to be treated in a similar way. Otherwise, when PDU Sets (QoS flows) mapped to the same DRB require a differentiation of PDU Sets or QoS flows then scheduling enhancements may need to be introduced at lower layers. 
If multiple QoS flows are mapped to the same DRB in source and target gNBs, then in-order delivery cannot be guaranteed. The associated PDCP entity can only guarantee in-order delivery within a DRB, not within the QoS flows carried by the DRB. Additional rules may be required in higher layers, for example, to ensure a certain order of PDU Sets submitted to PDCP or to enhance the SDAP layer to consider these aspects. This is also applicable for the case when certain PDU Sets are to be dropped. 
Observation 2: Usage of Model 1b would require enhancements potentially both in lower layers (e.g., at MAC) as well as at higher layers (e.g., in SDAP). Therefore, Model 1b is not generally preferred in our view. 

Summary of Model 1
Model 1a alone may not be scalable in the long term as the number of QoS flows can be much higher than the maximum number of DRBs that a UE can support. Currently the mandatory number of DRBs that a UE supports in NR is at most 16, but the maximum number of QoS flows is an order of magnitude higher. Therefore, it may be required to supplement Model 1a with Model 1b if needed (which is all within the scope of the existing QoS model).  For example, Model 1a may be applied for QOS flows requiring QoS differentiation and Model 1b may be applied for QoS flows with similar traffic characteristics. 
Observation 3: Although the maximum number of QoS flows can be fairly high in general, the amount of QoS flows required for XR is still well below the maximum number of DRBs. 
Overall, if (intense) lower layer enhancements are required for XR we prefer to enhance the SDAP layer first. 

Model 2a – Multiple PDU Sets map to one QoS flow (and one DRB)
Assuming multiple PDU Sets mapped to the same QoS flow in one DRB require a differentiated QoS treatment and considering that the QFI is not currently known at layers below SDAP, lower layers would need to be enhanced in order to allow identification of PDU Sets and provide fine-granular scheduling and differentiated QoS treatment of PDU Sets. In-order delivery and dependencies between PDU Sets cannot be guaranteed unless PDU Sets are submitted in a certain order by higher layers. This can increase queuing delay. 
Observation 4: From UE implementation complexity point of view, in order to keep lower layers and time critical functionality close to the existing processing model we’d rather prefer to allocate additional functionality in higher layers.

Model 2b – Multiple PDU Sets map to one QoS flow (and one or multiple DRBs)
In our understanding, this model may come with two flavors of enhancements. The first flavor might be to utilize some form of active queue management (AQM) in higher layers, for example, in SDAP. The second flavor might be to utilize sub-QoS flows. Further, as mentioned above, the RAN will need to be enhanced with additional mapping rules for PDU Sets to QoS flows or sub-QoS flows. 
For the first approach, a higher buffer status (or a higher buffer residency time) on a DRB or LCH may trigger a next packet to be sent over a DRB/LCH that is associated with a lower buffer status / lower delay. Moreover, certain packets may be identified as critical packets within a QoS flow itself. 
For the second approach, we tend to not support sub-QoS flows because we think it will require additional parameters and increase complexity beyond what it sufficient for XR. 
However, there could be an option to support multiple PDU Sets mapped to the same QoS flow. As noted above the current QoS model does not allow one QoS flow to be mapped to multiple DRBs. In this regard, RAN2 could consider the following two aspects depending on whether the current QoS model can be extended or not. 
1) One QoS flow is mapped to different DRBs at different instances in time. At a given instance in time only one QoS flow is mapped (feeds data) to one DRB. For example, QoS flow 1 could be mapped to DRB a) at time t and mapped to DRB b) at time t+1. The SDAP layer may be configured to arbitrate between DRBs. 
2) One QoS flow is mapped to multiple DRBs. The SDAP layer or an intermediate convergence layer chooses the DRB according to additional configurations, which may include multiple mapping rules of PDU Sets / QoS flows to DRBs for flexible adjustments. 
For in-order delivery of PDU sets, similar constraints exist as for other options above, especially if PDU Sets can be mapped to multiple DRBs.
Observation 5: We are open to study AQM and related enhancements in SDAP or a new convergence layer (e.g., Model 2b, approach 1 above). 

Reordering Aspects
With multiple PDU Sets mapped to the same QoS flow over the same DRB, packets may have to be retrieved from upper layers as complete groups of packets before submission to PDCP. If PDU Sets are submitted to PDCP in sequence, then PDCP can provide in-order delivery. However, this may introduce queuing delays. For example, if a large PDU Set of say 1000 IP packets for a video frame is to be delivered followed by a smaller PDU Set, the smaller PDU Set may encounter extra delay, thus additional complexity is introduced. This means reordering of PDU Sets may have to happen completely in the application layer. 
On the other hand, if the PDCP receiver is able to identify a demarcation between PDU Sets as well as the packets within a PDU Set, for example, to enable a differentiated treatment in L2 then some extension of the reordering functionality might be conceivable. We don’t think this is too much added complexity, given that 5G NR anyway needs to be extended. 
This is the same for both Model 1b and Model 2a/b. 

Concluding Remarks
QoS flow to DRB mapping happens in the Access Stratum. In current 5G NR the SDAP layer ensures that different QoS Flows can be mapped to the same or different DRBs (n:1 or 1:1). Several QoS flows belonging to the same PDU session can be mapped to the same DRB, also QoS flows belonging to different PDU session cannot be mapped to the same DRB. Then RAN adds new DRBs with corresponding QFI mappings to fulfill the QoS characteristics of a QoS Flow and the UE determines UL data QoS binding either via explicit QoS signaling, or via “Reflective QoS” based on DL data QoS marking.
In order to make the mapping of PDU Sets more flexible in Model 2, we think that enhancements to SDAP can be considered. The enhancements may include a more flexible use of reflective QoS and mechanisms for in-order delivery of PDUs within QoS flows. For example, QoS flows may be remapped from one DRB to another DRB in order to facilitate better QoS treatment of groups of packets characterized by a PDU set in a more flexible manner. To make these options more efficient and to allow for active queue management (AQM), the network restriction that one QoS flow can be mapped to one and only one DRB may be lifted. In other words, 5G Advanced may allow for one to many mapping of QoS flows to DRBs — one QoS flows to be mapped to multiple DRBs. 
However, if companies think that XR awareness will require to many enhancements in lower layers (e.g., in MAC) then from complexity point of view it may be preferred to evaluate an extension of the SDAP layer or adding another convergence layer to maintain the ordering and mapping of PDU Sets. 
We prefer to add functionality in higher layers and tend to maintain lower layers with time critical functionality close to the existing processing model. 

Proposal 3: RAN2 should rely on the existing QoS model for as much as possible. A one to one mapping of PDU Sets to QoS flows to DRBs is the most preferred approach. 
Proposal 4: If XR traffic requires mapping of PDUs and PDU Sets to streams with different traffic characteristics, then SDAP enhancements are preferred over MAC layer enhancements.
Proposal 5: For efficient use of multiple PDU Sets mapped to the same QoS flow with active queue management (AQM), the network restriction that one QoS flow can be mapped to one and only one DRB may be lifted. Coordination with SA2 would be needed.

Conclusions
This contribution provides a view on study areas around XR awareness as part of the RAN2 study for NR enhancements for XR. We have following observations and proposals:
Proposal 1: Awareness of PDU Sets is used to enable differentiated treatment of XR traffic. The media unit of a PDU Set should be used to define parameters for XR.
Proposal 2: PDU Set parameters to facilitate RAN awareness of XR include groups of packets, where importance/priority, periodicity, packet arrival time (start/stop), sequence, boundary, size, and jitter of PDU Sets can help schedule and utilize radio resources more efficiently. The information should be available independently for UL and DL.
Observation 1: In our view Model 1a is preferred for as long as the number of DRBs does not extend beyond what is currently supported by the 5G NR system. RAN2 may consider this model for types of PDU Sets with large QoS differentiation (e.g., I-frames and P-frames can be mapped to different DRBs). 
Observation 2: Usage of Model 1b would require enhancements potentially both in lower layers (e.g., at MAC) as well as at higher layers (e.g., in SDAP). Therefore, Model 1b is not generally preferred in our view. 
Observation 3: Although the maximum number of QoS flows can be fairly high in general, the amount of QoS flows required for XR is still well below the maximum number of DRBs. 
Observation 4: From UE implementation complexity point of view, in order to keep lower layers and time critical functionality close to the existing processing model we’d rather prefer to allocate additional functionality in higher layers.
Observation 5: We are open to study AQM and related enhancements in SDAP or a new convergence layer (e.g., Model 2b, approach 1 above). 
Proposal 3: RAN2 should rely on the existing QoS model for as much as possible. A one to one mapping of PDU Sets to QoS flows to DRBs is the most preferred approach. 
Proposal 4: If XR traffic requires mapping of PDUs and PDU Sets to streams with different traffic characteristics, then SDAP enhancements are preferred over MAC layer enhancements.
Proposal 5: For efficient use of multiple PDU Sets mapped to the same QoS flow with active queue management (AQM), the network restriction that one QoS flow can be mapped to one and only one DRB may be lifted. Coordination with SA2 would be needed.
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