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1. Introduction
In XR SID [1], the following objectives on XR-awareness are included:
	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 RAN1#109e meeting, the above objectives are initially discussed. Some potential solutions are identified and discussed, with the below conclusions. It is expected that this objective should be discussed and determined in RAN2.
	Conclusion

It is common understanding that studying of RAN2 proposed techniques for XR-awareness information to improve XR capacity can be studied in RAN1 upon request from RAN2.


In RAN2#119e meeting, the above objective was initially discussed with below conclusions:
	· 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)


In this contribution, we will discuss how RAN2 can make use of PDU sets and/or data bursts in UL or DL direction, and 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.
2. Discussion

2.1. Basic model for XR traffic 
In TR 38.838 [2], a model for XR traffic was agreed for evaluating capacity and power saving aspects in a 5G NR system. The model considers the multi-flow nature of XR traffic, which includes video, audio and pose flows, in DL and/or UL directions. The flows described in the TR have different XR characteristics, e.g. periodicity and packet delay budget (PDB) constraints. 
According to the traffic model above, the model for XR service is shown in Fig.1 below.[image: image1.emf]
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Fig.1 General model for XR service

In this model, there are three interfaces and different options for data transmissions are provided in each interface:
Model between Server to CN:

· Option 11: One IP stream

· Option 12: Multiple IP streams

Model between CN to RAN:

· Option 21: One QoS flow

· Option 22: Multiple QoS flows

Model between RAN and UE:

· Option 31: One DRB

· Option 32: Multiple DRBs
Regarding the model between Server to CN, there may be multiple associated IP streams with different QoS requirements for XR traffic, which is described in TR 23.700 [3]. Besides, according to the model in TR 38.838 [2], some options on multiple streams are also modelled for XR traffic, e.g. video + audio/data, or even for video, there may be multiple streams for I frame and P frame separately with different QoS requirements. 
Thus, RAN2 assumes multiple IP streams should be modelled for XR service. But anyway, final decision should be made in SA.
Observation 1: RAN2 assumes multiple IP streams should be modelled for XR service, e.g. I+P frame, or Video+Audio. The final decision should be made in SA.
Regarding the QoS flows, it is natural that different IP streams with different QoS requirements should be mapped to separate QoS flows. For example, Audio and Video frames may have different QoS requirements as legacy. Besides, I frame and P frame for Video may have different packet size(s), different priority/importance, different data rate, or different delay requirements, etc. Thus, multiple QoS flows should be modeled for XR service. But what is the granularity, e.g. Video+Audio, or I frame+P frame, should be based on the discussion in SA on the QoS requirements for each stream. Actually, this is being discussed in SA2, e.g., whether multiple-flow or single-flow should be mapped for XR service. Besides, SA2 is also discussing on whether need to introduce sub-flow for one flow. Anyway, the final decision should be confirmed with SA2/SA4. 
Proposal 1: RAN2 assumes different IP streams with different QoS requirements for XR service should be mapped into different QoS flows, e.g. (Video and Audio) or (I frame(s) and P frame(s)) mapped to separate QoS flows. FFS on final confirmation with SA2/SA4 including the granularity.
With this understanding, final confirmation on the above modeling with SA2/SA4 is needed. 
Proposal 2: RAN2 sends an LS to SA2 and SA4 on the RAN2 assumption on the IP stream and corresponding QoS flow modelling above. 
Regarding the protocol stack model between RAN node and UE, we need to discuss the protocol stack in different layers, including SDAP, PDCP, RLC, and MAC, which is shown below in Fig.2. 
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SDAP



QoS Flow I QoS Flow II



PDCP



RLC



MAC



Radio Bearer



Entity I Entity II



Entity I Entity II



LCH I LCH II










SDAP

QoSFlowI QoSFlowII

PDCP

RLC

MAC

RadioBearer

EntityI

EntityII

EntityI EntityII

LCHI

LCHII


Fig.2 RAN model for XR service
With this model, the existing QoS framework could be reused. That is, different frames with different QoS requirements could be mapped to separate LCHs. In this way, different QoS flows with different requirements could get differentiated scheduling by LCP. 
Proposal 3: Existing QoS framework, including mapping different frames with different QoS requirements to separate LCHs could be reused for XR service.

If one QoS flow is modelled above, it is simple that one DRB could be modelled for all XR frames. While if multiple QoS flows are modelled above as proposal 1, there may be still two different options for DRB model for XR frames:

· Option A: One DRB

· Option B: Multiple DRBs
According to existing model, it is common understanding that Audio and Video frames could be mapped into separate DRBs, while for all Video frames, including I frame(s) + P frame(s), whether they map to one DRB or separate DRBs should be decided for XR service. 

According to the discussion in TR 23.700 [3], all I frames or all P frames have same QoS requirements, while I frame(s) and P frame(s) may have different QoS requirements. It could be mapped to separate DRBs. In case of separate DRBs, different DRBs should be mapped to different RLC bearers as well as different LCHs. At the same time, some interaction between PDCP entities may be needed for frames belonging to different QoS flows. This will improve the complexity. 

Thus, it is also possible to map all video frames, including I frame(s) + P frame(s), to same DRB. In case of same DRB, frames belonging to different QoS flows or having different QoS requirements should be identified by PDCP layer. In this way, they could be mapped to different RLC bearers as well as different LCHs. 
From our point of view, both options are possible. But according to current mechanism, it is up to gNB implementation to use single DRB or multiple DRBs. 
Proposal 4: RAN2 to discuss below options for RAN modeling for video frames of XR service:
· Option 1: All video frames mapped to one DRB.
· Option 2: Video frames with different QoS requirements, e.g. I frame(s) + P frame(s), mapped to separate DRBs.
2.2. XR awareness 
2.2.1. Information beneficial for RAN
The integration of XR applications within the 5G System is shown in the following Fig.3 as defined in [4][5]. In order to optimize XR service transmission in 5G system, from RAN perspective, XR traffic characteristics, QoS metrics and application layer attributes could be beneficial to aid RAN awareness handling.[image: image3.png]5G-XR Aware
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Fig.3 5G-XR functions integrated in 5G System

According to SA2 discussion in TR [3], a new ‘PDU-Set’ concept was introduced for XR traffic, which is defined as below: 

‘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), which are of same importance at application layer. All PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In some cases, the application layer can still recover parts of the information unit, when some PDUs are missing.’

With the definition of PDU Set, 

· PDU-Set level QoS parameters were introduced, including:

· PDU Delay Budget (PDB)
· PDU Set Delay Budget (PSDB)
· Whether all PDUs are needed for the usage of PDU Set by application layer
· Whether to drop a PDU Set in case PSDB is exceeded (FFS)
· PDU Set Priority (FFS)
· New information associated with PDU-Set were also introduced, including:

· PDU Set Sequence number (SN)
· Start/End PDU of the PDU Set
· PDU SN within a PDU Set
· Number of PDUs within a PDU Set
· PDU Set importance
· PDU Set dependency (FFS)
Additionally, application layer attributes specifically refer to burst periodicity, burst arrival time, jitter and etc.

From RAN2 point of view, what information could aid XR specific handling or how it could be used is related to the RAN side mechanisms. During study on information beneficial for RAN, we also need to consider the performance improvement, e.g. system capacity, resource efficiency, end to end latency, UE power saving, etc., for the gNB to be aware of. 
Observation 2: What information could aid XR specific handling or how it could be used is related to the RAN level mechanisms.
At RAN node (i.e. gNB) side, the information aiding XR specific handling provided to RAN could be from CN or UE: 
· On one side, CN could provide some XR service characteristics/attributes, e.g. PDB, importance, frame boundary, first/ last PDU indication, importance/priority, time alignment/sync, dependency (inter-/intra-flow), frame rate, periodicity, jitter information, etc. As discussed in SA2, the CN/DN needs to deliver these XR-awareness information to RAN through UPF or AF/AS, and then the RAN can perform XR-specific traffic handling accordingly. These information exchange from CN to gNB should be studied in RAN2 and SA2.
· On the other side, UE could also provide the above information as UE is also the source of data transmission for UL XR traffic. Besides, the UE is also the destination of data transmission in DL. It could also provide some statistics for XR traffic to RAN to help the configurations dynamically, e.g. delay, power consumption, traffic change, etc. Information exchange between gNB and UE should be studied in RAN2. 
All these information could be used for RAN RRC configuration adaptation or UP handling, e.g. packet discarding, scheduling enhancements, LCH enhancements, etc.
At the UE side, the XR-awareness information aiding XR specific handling provided to AS layer could be provided by UE application layer. All the above information could be benefit for XR specific handling in UE, e.g. packet discarding, LCP enhancements, etc. Information exchange between application layer and AS layer inside UE could be studied in SA/CT, e.g. NAS signaling, or left to UE implementation, etc.
Proposal 5: RAN2 to discuss following information beneficial for the RAN aspect (at both gNB and UE sides) to be aware of:
· PDU set characteristics/attributes (including PDB/PSDB, intra-/inter-flow dependency, importance, frame boundary, PDU set size, etc.) which will be beneficial for UP handling, e.g. packet discarding, scheduling enhancement, LCP enhancements, etc. 
· PDU set characteristics/attributes (including PSDB, jitter information, periodicity, etc.), which will be beneficial for RRC configuration, e.g. C-DRX or PDCCH monitoring configuration, etc. 
Proposal 6: XR-awareness information exchange from server/CN to gNB should be studied in RAN2 and SA2. 
Proposal 7: XR-awareness information exchange between UE and gNB should be studied in RAN1/2.

Proposal 8: XR-awareness information exchange between application layer and AS layer inside UE could be studied in SA/CT, e.g. NAS signaling, or left to UE implementation, etc. 

The detailed RAN level mechanisms on how to use of PDU(s)/PDU set(s) in DL and UL, e.g., PDU prioritization or PDU discard could be found in [6] and [7]. 
2.2.2. Interaction from RAN to CN
In section 2.2.1, we have discussed the XR awareness information from CN to RAN to aid XR specific traffic handling in RAN including gNB and UE side. Conversely, the RAN/CN could also provide some information to aid DN adaptive transmission, which is more straightforward in favour of improving the user experience. 
The basic idea can be found in SA4’s reply LS in [4], ‘For example, the handling of dependent PDU Sets once a leading PDU Set is lost is not universally defined and depends on the operation of the application. However, typically, video applications prefer reducing the encoding bitrate in order to minimize congestion-related packet losses’. Based on the understanding as above, the RAN/CN can notify the DN to adjust source coding scheme through AF/AS, e.g., reduce the encoding bitrate or increase the periodicity, which can radically improve capacity and power saving performance. The possible scenarios that trigger the DN adaptive transmission may include RAN congestion, channel quality degradation, etc.
But this is not the aspects for “XR-awareness in RAN”, as it is somehow “awareness in DN/server”. The corresponding discussion could be triggered from SA, if any.  

Proposal 9: RAN2 assumes it is up to SA request to discuss RAN reporting information (e.g. channel quality, congestion, UE experience variation) to assist the XR server/Application layer for codec adaptation (e.g. reducing encoding bitrate or increasing periodicity).
Proposal 10: RAN2 sends an LS to SA2 and SA4 on the RAN2 understanding on the XR awareness aspects above. 
A draft LS to SA2/SA4 is provided in Annex A.
3. Conclusion

In this contribution, we discuss the modeling for XR awareness and the details for XR awareness from RAN2 perspective. Based on the discussion, we have the following observation and proposals:
Observation 1: RAN2 assumes multiple IP streams should be modelled for XR service, e.g. I+P frame, or Video+Audio. The final decision should be made in SA.

Observation 2: What information could aid XR specific handling or how it could be used is related to the RAN level mechanisms.
Proposal 1: RAN2 assumes different IP streams with different QoS requirements for XR service should be mapped into different QoS flows, e.g. (Video and Audio) or (I frame(s) and P frame(s)) mapped to separate QoS flows. FFS on final confirmation with SA2/SA4 including the granularity.

Proposal 2: RAN2 sends an LS to SA2 and SA4 on the RAN2 assumption on the IP stream and corresponding QoS flow modelling above. 
Proposal 3: Existing QoS framework, including mapping different frames with different QoS requirements to separate LCHs could be reused for XR service.

Proposal 4: RAN2 to discuss below options for RAN modeling for video frames of XR service:

· Option 1: All video frames mapped to one DRB.
· Option 2: Video frames with different QoS requirements, e.g. I frame(s) + P frame(s), mapped to separate DRBs.
Proposal 5: RAN2 to discuss following information beneficial for the RAN aspect (at both gNB and UE sides) to be aware of:

· PDU set characteristics/attributes (including PDB/PSDB, intra-/inter-flow dependency, importance, frame boundary, PDU set size, etc.) which will be beneficial for UP handling, e.g. packet discarding, scheduling enhancement, LCP enhancements, etc. 

· PDU set characteristics/attributes (including PSDB, jitter information, periodicity, etc.), which will be beneficial for RRC configuration, e.g. C-DRX or PDCCH monitoring configuration, etc. 

Proposal 6: XR-awareness information exchange from server/CN to gNB should be studied in RAN2 and SA2. 

Proposal 7: XR-awareness information exchange between UE and gNB should be studied in RAN1/2.

Proposal 8: XR-awareness information exchange between application layer and AS layer inside UE could be studied in SA/CT, e.g. NAS signaling, or left to UE implementation, etc. 

Proposal 9: RAN2 assumes it is up to SA request to discuss RAN reporting information (e.g. channel quality, congestion, UE experience variation) to assist the XR server/Application layer for codec adaptation (e.g. reducing encoding bitrate or increasing periodicity).
Proposal 10: RAN2 sends an LS to SA2 and SA4 on the RAN2 understanding on the XR awareness aspects above. 
A draft LS to SA2/SA4 is provided in Annex A.
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Annex A - Draft LS to SA2 on XR awareness
Title:
[Draft] LS to SA2 on XR awareness
Response to:
-
Release:
Rel-18
Work Item:
FS_NR_XR_enh
Source:
vivo [to be RAN2]
To:
SA2, SA4
Cc: 
RAN1
Contact Person:

Name:
              TBD
E-mail Address:
 TBD
1. Overall Description:

RAN2 had some discussion on XR awareness modeling and the information eneficial for the gNB to be aware of. 
According to RAN2 discussion, RAN2 achieved the following conclusions:
	For XR awareness: //To be updated according to the outputs of RAN2#119bis-e meeting.
RAN2 assumes different IP streams with different QoS requirements for XR service should be mapped into different QoS flows, e.g. (Video and Audio) or (I frame(s) and P frame(s)) mapped to separate QoS flows. FFS on final confirmation with SA2/SA4 including the granularity.

Existing QoS framework, including mapping different frames with different QoS requirements to separate LCHs could be reused for XR service.

RAN2 to discuss below options for RAN modeling for video frames of XR service:

· Option 1: All video frames mapped to one DRB.
· Option 2: Video frames with different QoS requirements, e.g. I frame(s) + P frame(s), mapped to separate DRBs.
RAN2 to discuss following information beneficial for the RAN aspect (at both gNB and UE sides) to be aware of:

· PDU set characteristics/attributes (including PDB/PSDB, intra-/inter-flow dependency, importance, frame boundary, PDU set size, etc.) which will be beneficial for UP handling, e.g. packet discarding, scheduling enhancement, LCP enhancements, etc. 

· PDU set characteristics/attributes (e.g. PDB/PSDB, jitter information, periodicity, etc.), which will be beneficial for RRC configuration, e.g. C-DRX or PDCCH monitoring configuration, etc. 

XR-awareness information exchange from server/CN to gNB should be studied in RAN2 and SA2. 

XR-awareness information exchange between UE and gNB should be studied in RAN1/2.

XR-awareness information exchange between application layer and AS layer inside UE could be studied in SA/CT, e.g. NAS signaling, or left to UE implementation, etc. 

RAN2 assumes it is up to SA request to discuss RAN reporting information (e.g. channel quality, congestion, UE experience variation) to assist the XR server/Application layer for codec adaptation (e.g. reducing encoding bitrate or increasing periodicity).


2. Actions:

To SA WG2 and SA WG4
RAN2 kindly request SA2/SA4 to take the above information into account during the following work, and provide feedback, if any.

3. Date of Next RAN2 Meetings:

TSG RAN WG2 Meeting #120


14 Nov. – 18 Nov. 2022

Toulouse, FR
