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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, initial agreements have been reached to identify the main directions of potential enhancements for XR-awareness improvement in this SI. In RAN2#119bis-e, RAN2 agreed to capture possible candidate models on how the mapping of PDU sets onto QoS flows is done in the NAS/CN and how QoS flows are mapped onto DRBs in the AS. 
For the handling of PDU Sets in radio protocols, RAN2#120 agreed to exclude PDU Set / QoS flow to DRB mapping option N1N (Model 2b), where in case multiplexing of types of PDU sets in one QoS flow would be performed in the NAS, demultiplexing of types of PDU sets from one QoS flow on multiple DRBs could be done in the AS. RAN2#120 had a further discussion on whether multiple PDU Sets mapped to the same DRB could be mapped to same/different RLC entities, which was kept FFS. 
To resolve remaining opens on PDU Set / QoS flow to DRB mapping an LS was sent to SA2 and SA4 [5]. 
	RAN2#120 Agreements
N1N excluded
Splitting DRB into multiple LCH (DC like) FFS.
Should try to understand why we would need to treat PDU sets differently over the radio and why different PDU sets are muxed over same flows. Also need to understand need for reordering.
Send LS to SA2/SA4 (Nokia)

For Uplink
Agree that UE identifies PDU Sets / Bursts.
In-band marking not needed. Further information considered if BSR is not enough.
 


This paper aims to further discuss some of our views on the study of XR-awareness and how to use PDU Sets and/or data bursts in UL or DL direction. In continuation of the last meeting, we provide considerations on the mapping of PDU Sets to QoS flows and DRBs, including the impact on the protocol stack and the mapping of DRBs to logical channels for different variants. Finally, we also consider the Reply LSs from SA2 [6] and SA4 [7], respectively.

Discussion
QoS flows and DRBs
SA2 agreed in clause 8.4.3 of [4] that RAN performs PDU Set based QoS handling based on a) PDU Set QoS Parameters received via control plane signalling and b) PDU Set Information received via user plane. 
SA2 assumes that the details of RAN behaviors are defined in RAN WGs. In particular, SA2 has been studying CP/UP enhancements for PDU Set based QoS handling to define the treatment of PDU Sets in the DL direction, and it will be up to RAN groups to define the treatment in the UL direction. 
The UPF identifies PDU Set Information and delivers it to the RAN as in-band signalling via the GTP-U header of a user plane packet. Parameter details are in the approved SA2 CR in [8]. According to [8], RAN may use the PDU Set Importance parameter for PDU Set level packet discarding in the presence of congestion. PDU Set Information (in particular, PDU Set Importance) can be different for different PDU Sets within a QoS Flow. Further information is provided below based on [4] and [6]. 
	TR 23.700-60 v18.0.0
8.4.2.3    Delivering PDU Set Information to RAN
PDU Set Information (listed in clause 8.4.2.1) are informed by UPF to RAN via GTP-U header of user plane packet.
S2-2301378
Q1: In order to decide how PDU sets could be mapped in radio protocols, RAN2 is wondering if different PDU sets could have different characteristics (for instance importance, PSER, and/or PSDB) and if so, which characteristics can be different and with which granularity (e.g. QoS flow, individual PDU Sets…)
SA2 Answer:  Based on the conclusion from the FS_XRM study (See TR 23.700-60), SA2 agreed to define new 5G QoS parameters for PDU Set concept. The PDU Set comprises of one or more PDUs for which the following PDU Set QoS parameters are applicable: 
-	PDU Set Delay Budget (PSDB)
-	PDU Set Error Rate (PSER)
-	PDU Set Integrated handling Indication (PSIHI)
SA2 also agrees to define PDU Set importance that is conveyed on per-PDU Set basis.  All the PDU Sets within one QoS flow should apply the same PSER, PSDB and PSIHI.  The PDU Set importance of the different PDU Sets within one QoS flow can be different.  
Q2: RAN2 would also like to know whether different types of PDU set can be mapped to the same QoS flow and if so whether RAN should have the ability to treat those differently over the air interface.  If RAN should have such an ability, RAN2 would like to know based on what information signalled to the gNB this would be based on.
SA2 Answer: SA2 has agreed that 1) Different types of PDU set can be mapped into the same QoS flow if their PDU set QoS parameters (and other QoS characteristics, e.g. 5QI, ARP) are the same. One QoS flow is associated with one PSER and one PSDB at any time. 2) Different PDU sets within one QoS flow can be associated with different ‘PDU Set importance’ information.
As concluded by SA2 in the FS_XRM study, the PDU Set information ‘PDU Set importance’ may be provided by the UPF to NG-RAN via GTP-U header of user plane packet. It may be used by NG-RAN for PDU Set level packet discarding in presence of congestion.



The RAN2 TR in [3] captures the following models for PDU Set / QoS flow mapping to DRBs. 
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Figure 1: QoS flow to DRB mapping in the RAN and the UE
Based on above SA2 agreements, Model 2a is used when PDU Sets of different importance are mapped to the same QoS flow. Depending on the XR traffic (QoS) characteristics associated with different QoS flows, usage of Model 1a and Model 1b is also not precluded; they represent the traditional mapping based on the current 5G QoS model. 
It was agreed in the conclusions for Key Issue #8 to use at least the periodicity of the QoS flow as a baseline for normative work [4] by re-using/extending the TSCAI/TSCAC definitions in clause 5.27.2.1 of TS 23.501. Also, PDU Sets with non-integer periodicity are meant to be transmitted in separate QoS flows. In addition, a QoS Flow level explicit indication may be provided to PSA UPF to enable the ECN marking for the purpose of L4S. In other words, ECN marking for L4S will also be configured per QoS flow. 
These are already three cases where a treatment of XR packets has to be done at the granularity of a QoS flow (not PDU Sets). One could go a step further and say that model 1 (Alternative 111/NN1), where there is a 1:1 mapping between PDU Sets and QoS flows, nicely matches with these assumptions. 
Proposal 1: 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. 

Mapping of PDU Sets to DRBs and LCHs
The current 5G system models QoS mapping as a 2-step approach. In the first step, traffic flows are classified at the UPF and the UE’s NAS layer through PDRs and QoS rules to perform IP flow to QoS flow mapping. This step classifies packets as part of a traffic flow detection process for QoS enforcement in the 5G system. In the second step, the SDAP layer performs QoS flow to DRB mapping, where different QoS Flows can be mapped to the same or different DRBs (n:1 or 1:1). 
Apart from straightforward cases where one type of PDU Set maps to one QoS flow and one DRB (model 1a), the current 5G architecture also supports an option where one DRB can be linked with multiple RLC entities, for example, in the case of a split bearer or for PDCP duplication. An extension of this approach allows for an association of PDU Sets (model 2a) or QoS flows (model 1b) with separate RLC channels / LCHs on the same DRB. 
This can be useful for QoS flows that have PDU Set QoS Parameters indicating packets of a PDU Set have to be treated in an integrated fashion, according to PDU Set Integrated Handling Indication (PSIHI). Multiple RLC entities can help facilitate the integrated handling. Alternatively, a PDU Set where PDU Set level packet discarding may happen, e.g., in presence of congestion, may still be scheduled with a different priority than a PDU Set where such discarding may happen less frequently. Per SA2 assumptions the details of these behaviors are also defined in RAN WGs. 
As mentioned in our companion paper in [10], both of these multi-RLC cases are also relevant to PDU prioritization. In a way, model 1b and model 2a are not very different when it comes to LCH mapping. Awareness of groups of packets is considered beneficial for power and capacity. However, existing mechanisms should be reused for as much as possible to limit RAN and UE complexity. In order to switch between different configurations, a DRB may be configured with multiple RLC entities, whose LCHs have different parameterizations.
The table below summarizes LCH mapping options along with some exemplary use-cases, other application areas are conceivable as well. 
Table 1: QoS mapping options
	DRB mapping
	LCH mapping
	Usage example

	Model 1a / Alternative 111
	1:1 mapping between DRBs and LCHs
	XR traffic flows of significantly different PSDB or PSER may be mapped to separate DRBs

	Model 1b / Alternative NN1
	1:1 mapping between QoS flows and LCHs
	1) QoS flows of different PSIHI may be mapped to different LCHs
2) QoS flows with non-integer periodicity may be mapped to separate LCHs

	Model 2a / Alternative N11
	1:1 mapping between PDU Set types and LCHs
	PDU Sets of different Importance may be mapped to different LCHs



Proposal 2: When multiple QoS flows are mapped to the same DRB, PDU Set integrated packet handling can be achieved by mapping PDU Sets with different QoS parameters to different logical channels / RLC entities.
Proposal 3: When multiple types of PDU Sets are mapped to the same QoS flow, congestion related treatment of PDU Sets can be facilitated by mapping PDU Sets of different PDU Set Importance to different logical channels / RLC entities.
Another mapping consideration (not listed explicitly in the table) is out-of-order delivery described in section 2.3. 

Reordering Aspects
Another aspect to consider is how to ensure proper in-sequence delivery between XR traffic flows. One may generally assume that the application layer ensures to process packets in the desired order for most XR cases. To understand application layer requirements on in-sequence delivery to upper layers an LS was sent to SA4 with a question after the last RAN2 meeting [5]. 
SA4 indicated in a Reply LS to RAN2 [9] that media layers can handle (and potentially exploit) out-of-sequence reception of RTP packets. At the same time, in-sequence delivery is preferred but not at the expense of introducing delay in delivery of packets to the RTP layer.
	S4aR230035
Feedback: In-sequence delivery is preferred but not at the expense of introducing delay in delivery of packets to the RTP layer (i.e. latency that might be caused by the lower layers at the receiver side having to buffer and re-order packets before delivery to the RTP layer). Some codecs can take advantage of packets being delivered as soon as they are received at the lower layers (even if out-of-order). The SRTP/RTP receiver can perform re-ordering if needed.
With regards to the PSDB, the SA4 assumes the PDU Set reception will happen within the PSDB target. However, the delivery of late PDU Sets may still be useful in some cases.
ACTION: SA4 kindly asks RAN2 to take above information into account. The RTP layer can handle (and potentially exploit) out-of-sequence reception of RTP packets, and some codecs even require it for good operations. Thus, “SA4 prefers that the lower-layers on the receiver side do not enforce in-sequence delivery to the RTP layer for PDU Sets received out-of-sequence”.



Based on SA4’s reply we think that a few options can be considered. 
PDCP outOfOrderDelivery enables out of order delivery for all packets received on the configured DRB. To obtain a latency benefit, the mechanism requires packets without a need for strict in-sequence delivery to be mapped to a separate DRB. However, multiple QoS flows (and multiple traffic flows / service data flows or SDFs) are often carried on the same DRB. In other words, application traffic flows that do not require in-order delivery are often mapped to the same DRB together with other flows that require strict in-order delivery. This consumes more power and processing resources than needed.
With XR and the advent of PDU Sets, the amount and variety of IP traffic flows, SDFs, and QoS flows coming into PDCP is going to increase. Spreading those flows over separate DRBs would increase the overall number of DRBs that are used concurrently in the system. We think this is not necessary. Thus, system operation with limited number of DRBs is desirable. 
For traffic with a potential to benefit from out-of-order processing, RAN layers can recognize such traffic with finer granularity than a DRB. In order to achieve this, RRC may configure a DRB for operation with ‘selective out-of-order delivery’ as a new DRB mode. For example, different QoS flows may have different sequence ordering properties. PDCP could detect in-order and out-of-order traffic based on a notion of a QFI or traffic type. 
Proposal 4: RAN2 may consider selective out-of-order delivery as a new mode for a DRB.
Alternatively, for radio bearers configured with selective out-of-order delivery, if a PDCP entity is associated with multiple RLC entities (e.g., at least one for OOD and at least one for IOD), PDCP may identify in-order and out-of-order traffic based on an RLC entity association configured. In other words, the PDCP transmitter submits PDCP PDUs to an associated RLC entity or RLC entity subset based on a rule or configuration. The PDCP receiver delivers PDCP SDUs according to the delivery mode configured for the associated RLC entity.
Proposal 5: PDCP may apply out-of-order delivery for an associated RLC entity or RLC entity subset.

Conclusions
This contribution provides a view on study areas around QoS mapping and protocol stack impacts as part of the RAN2 study for NR enhancements for XR. We have following observations and proposals:
Proposal 1: 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 2: When multiple QoS flows are mapped to the same DRB, PDU Set integrated packet handling can be achieved by mapping PDU Sets with different QoS parameters to different logical channels / RLC entities.
Proposal 3: When multiple types of PDU Sets are mapped to the same QoS flow, congestion related treatment of PDU Sets can be facilitated by mapping PDU Sets of different PDU Set Importance to different logical channels / RLC entities.
Proposal 4: RAN2 may consider selective out-of-order delivery as a new mode for a DRB.
Proposal 5: PDCP may apply out-of-order delivery for an associated RLC entity or RLC entity subset.

References
[1] RP-220285, Revised SID, Study on XR Enhancements for NR, Nokia, RAN#95e
[2] RP-223502, New WID: XR Enhancements for NR, RAN#98e
[3] TR 38.835 v1.0.1, draft TR, RAN#98e
[4] TR 23.700-60, v18.0.0, Study on XR (Extended Reality) and media services, Rel-18
[5] R2-2213351, LS on PDU Set Handling, Nokia, LS out, To:SA2, SA4
[6] S2-2301378, Reply LS on PDU Set Handling, Tencent, SA2#154AH, To: RAN2, Cc: SA4, RAN3
[7] S4aR230035, Reply LS on PDU Set Handling, Ericsson, SA4 ad hoc #Post121-e, To: RAN2, Cc: SA2
[8] S2-2301379, TS 23.501, CR 3896, Update TS23.501 to reflect conclusion of KI#4 for XRM in TR23.700-60, Nokia, Rel-18
[9] S2-2301472, TS 23.501, CR 4046, Support of PDU Set based handling, Huawei, HiSilicon, China Mobile, Lenovo, KDDI, Rel-18
[10] R2-2300724, Views on XR-awareness and PDU Prioritization, Apple, RAN2#121
image1.png
PDU set 2

PDU set 1 PDU set 2 PDU set 1 PDU set 2

el

QoS flow x

QoS flow 1 QoS flow 2

QoS flow 1 QoS flow 2

DRB 1 DRB 2

Model 1a Model 1b Model 2a Model 2b
(Alternative 111) (Alternative NN1) (Alternative N11) (Alternative N1N)




