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1. [bookmark: _heading=h.9sla9as4lmjz] Introduction
At RAN#94-e, RAN has approved a Rel-18 Study Item on XR Enhancements for NR (RP-220285). The objectives of this study item are as follows:
	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.
Objectives on XR-specific Power Saving (RAN1, RAN2):
-   	Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:
o   C-DRX enhancement.
o   PDCCH monitoring enhancement.
Objectives on XR-specific capacity improvements (RAN1, RAN2):
-   	Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
o   SPS and CG enhancements;
o   Dynamic scheduling/grant enhancements.



Separately,  at SA#94-e,  SA has approved a closely related Study Item on Study on Architecture Enhancement for XR and media services (SP-211646)  ​​to identify the system architecture aspects related to better support advanced media services, e.g. AR/VR/XR services, and tactile/multi-modality communication services.  Specifically, the following objectives are captured in the study item. 

	WT#1: Enhancements for supporting multi-modality service:
-   Study whether and how to enable delivery of related tactile and multi-modal data (e.g., audio, video and haptic data related to a specific time) with an application to the user at a similar time, focusing on the need for policy control enhancements (e.g. QoS policy coordination).
WT#2: Enhancements of network exposure to support interaction between 5GS and application：
WT#2.1: Study whether and how interaction between AF and 5GS is needed for application synchronization and QoS policy coordination among multiple UEs or between multiple QoS flows per UE.
WT#2.2:  Study exposure of 5GS QoS information (e.g., QoS capabilities) and network conditions to the Application to enable quick codec/rate adaptation help to provide desired QoE (e.g. such as assist in alleviating 5GS congestion).
NOTE1: Parameters for exposure may coordinate with RAN and SA4.
WT#3: Study whether and how the following QoS and policy enhancements for XR service and media service transmission are performed:
WT#3.1:  Study the traffic characteristics of media service enabling improved network resources usage and QoE.
WT#3.2:  Enhance QoS framework to support media units granularity (e.g., video/audio frame/tile, Application Data Unit, control information), where media units consist of PDUs that have the same QoS requirements.
WT#3.3: Support differentiated QoS handling considering different importance of media units. e.g., eligible drop packets belong to less important media units to reduce the resource wasting.
NOTE2: Coordination with RAN WGs may be needed for the above bullets.
WT#3.4: Whether and how to support uplink-downlink transmission coordination to meet RTT (Round-Trip Time) latency requirements between UE and N6 termination point at the UPF.
WT#3.5: Potential policy enhancements to minimize the jitter, focusing on i.e. requirement provisioning from AF, extension of PCC rule.
WT#4: Study potential enhancements of power management considering traffic pattern of media services:
WT 4.1: Void.
WT 4.2: Power saving enhancement e.g. support trade-off of throughput/latency/reliability considering device battery life, whether and how to enhance CDRX, considering XR/media traffic pattern.



In this contribution, we focus on XR-aware RAN based on SA2 discussion. Specifically, we discuss a few key areas related in XR-awareness which is including the general discussion on definition of PDU sets, WT#2.2 on the enabling of quick codec/rate adaptation, WT#3, including: WT#3.1 the traffic characterization and enhanced RAN delivery to support improved media units granularity and enhanced QoS framework. 

2. [bookmark: _heading=h.hi8omc7wu31y]Discussion

2.1. [bookmark: _heading=h.snu6ayjx99si]XR awareness in RAN 

2.1.1. [bookmark: _heading=h.vdn6nlms6o73]XR-Awareness Based on PDU Set Framework

In S2-2201851 SA2 has agreed the definition of PDU Set (equivalent to the “media unit” in the work task description above),
PDU Set: A PDU Set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level (e.g. a frame or video slice for XRM Services, as used in TR 26.926). In some implementations all, PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In other implementations, the application layer can still recover all or parts of the information unit, when some PDUs are missing
Per SA2 request, SA4 has provided feedback due to the diverse application and various coding schemes such as scalable codec vs non-scalable codec, the current definition and concept of PDU may be mapped to some use cases and operation mode. Specifically, it was stated that in [5]:
….the current PDU Set definition and the anticipated use for an application may map to and benefit some use cases and operation modes for media delivery. In particular,  it should be possible that the media application layer can make use of the PDU Set definition and define the appropriate information units that are mapped to a PDU set. Detailed implementation of such mapping, e.g., signaling of information units to be mapped to PDU Sets from the application to the 5G Systems, should be for further study. For other cases, the current definition and concept around PDU Sets may not fully apply and other QoS frameworks may be consider[ed].....
It should be noted that SA4 does not provide a more general definition for the PDU sets. Subsequently, multiple definitions of PDU sets may be needed to support the various XR services. 
Observation 1:
The current PDU Set definition may map to and benefit some use cases and operation modes for media delivery. For other use cases the current definition concept around PDU Sets may not fully apply and other QoS frameworks may be considered.  Hence, multiple definitions of PDU Sets may be needed for various use cases and operation modes. 
Proposal 1: 
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. 

2.1.1.1. [bookmark: _heading=h.d6hc7em0xfzj]QoS Granularity and Per PDU Set QoS

As currently defined in TS 23.501, the 5G QoS model is based on QoS Flows. Hence, the QoS Flow is the finest granularity of QoS differentiation in the PDU Session. A QoS Flow ID (QFI) is used to identify a QoS Flow in the 5G System. User Plane traffic with the same QFI within a PDU Session receives the same traffic forwarding treatment, but each packet in the QoS Flow is treated independently of other packets in that QoS Flow.  One of the main reasons for the definition of PDU Set is to study the possibility of increasing QoS granularity from the existing framework of PDUs.  
Per SA2 discussion, the introduction of an application media unit based on PDU Set targets to increase granularity based on the current QoS framework.  In other works, RAN related QoS functions should be based on PDU Set instead of individual PDU units. For example, the potential definition of new QoS KPIs such as:	PDU-Set Delay Budget (PSDB) and PDU-Set Error Rate (PSER) as indicated in TR 23.700
Observation 2:
The existing 5G QoS model is based on the QoS Flow which the finest granularity of QoS differentiation in the PDU Session, where user plane traffic with the same QFI within a PDU session receives the same traffic forwarding treatment. The introduction of the PDU Set concept requires the RAN to enhance the QoS support from per PDU to per PDU Set QoS. 
Currently SDAP is designed to support the mapping rule to QoS flow to DRB, including reflective QoS flow to DRB mapping and providing marking of the QoS flow identifier (QFI) in the uplink and downlink packets. Hence, it’s a natural extension to enhance SDAP to support per PDU Set QoS control, such as how to the mapping rules of the per PDU set KPIs including the PSDB and PSER to the DRB. 

Proposal 2:
RAN2 to study enhancement of the SDAP to support per PDU Set QoS.	
2.1.2. XR-Awareness Based UAI Framework

While the PDU Set framework provides the assistance information on XR-awareness to RAN, additional XR-awareness information, such as frame rate, assistance information to the discard timer setting, can also be provided from the UE based on the current User Assistance Information framework.

Observation 3:
XR-aware information can also be provided from the UE based on UAI framework.
Proposal 3:
RAN2 to study providing XR-awareness from the UE based on user assistance information framework. 

2.1.3. Discard and Forward Policies

As previously discussed, in the existing QoS framework, the discard and forward policies are based on the concept of QoS flows of each PDU packet receiving the same discard and forward treatment based on packet error rates and delay budget requirements.  Firstly, the current discard timer setting is very limited and hasn’t taken into account the new 5QI’s agreed in SA2, specifically 5QI 87-90. 

Observation 4:

The current discard timer setting is very limited and hasn’t taken into account the new 5QI’s agreed in SA2 for XR applications, specifically 5QI 87-90. 

Hence, it’s proposed to discuss additional discard timer setting to support XR services. 

Proposal 4:

RAN2 to discuss additional discard timer setting to support XR services.


Additionally, with introduction of PDU set on the application layer to the XR media services, the discard and forward treatment has to be revisited. 

In the SA2’s definition of PDU Set in TR 23.700, it is stated that 

In some implementations all PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In other implementations, the application layer can still recover all or parts of the information unit, when some PDUs are missing.
It is further detailed in the SA4 LS to SA2 (S2-2203658/ S4-220505)
In some implementations (note that neither the video codec specifications, nor the IETF RFC, nor 3GPP specifications up to today provide any requirements or recommendation on implementations), the loss of one fragmentation packet of the NAL Unit may result in discarding the entire NAL unit and hence the second part of the PDU definition (which are of same importance requirement at application layer. All PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information.) applies. In other implementations, receivers may use the data up to the first lost fragmentation unit to recover at least parts of the video data included in the NAL unit and apply error concealment afterward. In this case, the third part of the PDU Set definition (the application layer can still recover parts of the information unit, when some PDUs are missing) applies, but in this case the equal importance part of the PDU Set definition (which are of same importance requirement at application layer) may be misleading (Note that in this operation mode, as an example if the first packet of the PDU Set is lost, all other packets of the fragmentation units are useless, whereas of the last packet is lost, the decoder can use all packets except the last one.

Based on the definition, in addition to the QoS requirement, the application layer implementation on the PDU Set can also affect the optimized PDU discard and forward policies. It is trivial that if in some cases, transmitting the remaining PDU Set following the loss of a PDU from that same PDU Set may still be useful, then gNB should continue forward the PDUs to the UE.  However, if it is useless in some cases for gNB to continue transmitting the remaining PDUs of the same PDU Set, it is more desirable to discard the remaining PDUs in order to save the radio resources and UE power consumption. 


Observation 5: 
In some XR application implementation, transmitting the remaining PDUs of a PDU Set following the loss of a PDU from that same PDU Set may still be useful, while being useless in some other implementation.
Proposal 5:
It is proposed to add an additional discard policy based on XR-awareness based on UAI or PDU Set, e.g. that’s PDU of the same PDU Set should be discarded if all the PDUs are needed for the recovery for the information unit, while the transmitting should continue if the application layer can still recover all or parts of the information unit, when some PDUs are missing.
2.1.4. [bookmark: _heading=h.x9362o9mpjal]Traffic characterization
Traffic characterization for XR services is probably one of the most fundamental issues to support XR-aware framework enabling improved RAN network resources usage, enhancing QoS granularity and end to end QoE. The characterization of XR traffic was also part of Rel. 17 XR over NR evaluations discussion on the study of multi-flow traffic. Specifically, how to characterize real-time XR/media services and how this information is conveyed to RAN remain critical open issues for the study. 
 
In Rel. 17, RAN1 adopted I-frame/P-frame video traffic analysis as one of evaluation options. Similar characterizations are being proposed in SA2, S2-2201087.  In particular, it has been proposed to characterize video traffic based for example on I-frame, P-frame, B-frame, Group of Picture (GOP).  Further details are provided in S2-2201087 Annex.  However, it the LS feedback from SA4 to SA2,
 
It has been stated that:
The concept of I, P and B pictures dates back to MPEG-2 video and broadcast distribution and is not generally applicable to new codecs and in particular for low-latency applications. In modern video codecs, complex prediction structures are used that take into account application constraints, encoding complexity, latency and dynamic decisions in the encoding….

It is further clarified that 

1. 	Any input on traffic characteristics of typical media services that rely on e.g. PDU Sets, as necessary.
Based on the response to question 1 above, it is clear that the PDU Set concept, when mapped to SA4 information units, results in some open questions, and neither a comprehensive nor a definitive answer can be provided. In addition, it is difficult and likely impossible to identify common “traffic characteristics” since the traffic characteristics heavily depend on the application choices, such as the application, the codec in use, the data formats, the encoding operation (bitrate control, usage of slices, error resilience such as intra frames, Gradual Decoder Refresh (GDR), or long-term prediction, etc.)....

Observation 6: 

The traffic characteristics, specifically encoding operation including the correlation between different PDU Sets in video coding, can vary for different media applications and it is difficult and likely impossible to identify common “traffic characteristics”.

Proposal 6:
Until there is further guideline from SA2, it is proposed not to further discuss codec-related XR traffic characteristics, such as the encoding operation, bitrate control, usage of slices, error resilience such as intra frames, Gradual Decoder Refresh (GDR), or long-term prediction, etc.), other than the QoS-related KPIs. 


2.2. [bookmark: _heading=h.ok43y3u8kspw]RAN-Awareness 

While it is important to have XR-aware RAN for enhancing RAN support for XR application and media services, it is equally important to provide the RAN support for application layer adaptation.  In fact, as stated in SA4 LS ((S2-2203658/ S4-220505)

SA4 would like to point out that due to its heavy-compression and spatial-temporal prediction, any packet losses in video generally result in degradation of the user-perceived quality of experience. Hence, video applications generally (i) benefit, (ii) are more efficient and (iii) can be simplified, if the network minimizes video packet losses.

Hence, it is more desirable and important to have XR applications aware of the radio conditions and proactive adapt the coding rate to avoid the loss of PDU or PDU sets. 

Observation 7:

Due to the heavy-compression and spatial-temporal prediction, any packet losses in video generally result in degradation of the user-perceived quality of services.  Hence, XR applications generally benefit, are more efficient and can be simplified, if the network minimizes video packet losses.

Generally, RAN is considered the bottleneck for XR applications communications. Hence, it is critical for RAN to provide assistance information to the application for a proactive codec adaptation to minimize the video packet losses. 

Proposal 7:

RAN2 to discuss RAN assistance information that can help application layer providing a more proactive codec rate adaptation. 

3. [bookmark: _heading=h.5x37td9z04fr]Conclusion

In the contribution, we propose the followings: 
Observation 1:
The current PDU Set definition may map to and benefit some use cases and operation modes for media delivery. For other use cases the current definition concept around PDU Sets may not fully apply and other QoS frameworks may be considered.  Hence, multiple definitions of PDU Sets may be needed for various use cases and operation modes. 
Observation 2:
The existing 5G QoS model is based on the QoS Flow which the finest granularity of QoS differentiation in the PDU Session, where user plane traffic with the same QFI within a PDU session receives the same traffic forwarding treatment. The introduction of the PDU Set concept requires the RAN to enhance the QoS support from per PDU to per PDU Set QoS. 
Observation 3:
XR-aware information can also be provided from the UE based on UAI framework.

Observation 4:

The current discard timer setting is very limited and hasn’t taken into account the new 5QI’s agreed in SA2 for XR applications, specifically 5QI 87-90. 

Observation 5: 
In some XR application implementation, transmitting the remaining PDUs of a PDU Set following the loss of a PDU from that same PDU Set may still be useful, while being useless in some other implementation.
for the information unit, while the transmitting should continue if the application layer can still recover all or parts of the information unit, when some PDUs are missing.

Observation 6: 

The traffic characteristics, specifically the correlation between different PDU Sets in video coding, can vary for different media applications and it is difficult and likely impossible to identify common “traffic characteristics”.

Observation 7:

Due to the heavy-compression and spatial-temporal prediction, any packet losses in video generally result in degradation of the user-perceived quality of services.  Hence, XR applications generally benefit, are more efficient and can be simplified, if the network minimizes video packet losses.

Proposal 1: 
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. 
 
Proposal 2:
RAN2 to study enhancement of the SDAP to support per PDU Set QoS.
Proposal 3:
RAN2 to study providing XR-awareness from the UE based on user assistance information framework. 
Proposal 4:

RAN2 to discuss additional discard timer setting to support XR services.

Proposal 5:
It is proposed to add an additional discard policy based on XR-awareness based on UAI or PDU Set, e.g. that’s PDU of the same PDU Set should be discarded if all the PDUs are needed for the recovery for the information unit, while the transmitting should continue if the application layer can still recover all or parts of the information unit, when some PDUs are missing.


Proposal 6:
Until there is further guideline from SA2, it is proposed not to further discuss codec-related XR traffic characteristics, such as the encoding operation, bitrate control, usage of slices, error resilience such as intra frames, Gradual Decoder Refresh (GDR), or long-term prediction, etc.), other than the QoS-related KPIs.


Proposal 7:

RAN2 to discuss RAN assistance information that can help application layer providing a more proactive codec rate adaptation. 
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