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1 Introduction
In RAN #94e, a continuing SI on XR enhancements for NR in Rel-18 was approved with the following objectives [1] and some related possible enhancement schemes were proposed and evaluated in TR 38.838 [2]: 

	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). 
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:

· C-DRX enhancement.

· 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:

· SPS and CG enhancements;

· Dynamic scheduling/grant enhancements.


In this contribution, we provide some general views on XR-awareness in RAN based on and the benefits that RAN can get from it.
2 Discussion
XR awareness may include RAN awareness of XR application information and application awareness of RAN. If RAN can acquire some necessary information of XR traffic characteristics and application layer attributes, RAN can perform smarter scheduling and better link adaptation to meet the latency and the reliability required for the service while guaranteeing good system capacity. And the existing SA2/SA4 decisions should be taken into consideration.
According to what captured in TR 38.838[2], RAN1 has agreed a parameterized statistical traffic model for the evaluation of XR and CG. For a given XR or CG application, there can be multiple data streams with different traffic characteristics and QoS requirements in DL/UL. In an example for a gaming application, there would be a mix of multiple traffic types like gaming control commands, haptic sensors data, voice traffic, video feed etc. And each of these traffic have different requirements in terms of latency and reliability. The first question is to evaluate whether the existing 5G QoS mechanism can well support different QoS requirements of XR since due to the encoding mechanism of video compression, there will be different importance of PDU(Sets) e.g. I/B/P frames, slices within an I/B/P frame, etc.
We also noticed in last RAN1 meeting, XR traffic characteristics (e.g. PDU size and periodicity, jitter, etc.) were taken into account in the LS [3] sent to RAN2 and it seems that there is huge enthusiasm on PDU Set Handling as captured below:
	· PDU set periodicity and start time of the first PDU of a PDU set: this can be helpful for e.g., configuring the periodicity and start time of CDRX or PDCCH monitoring to match with traffic period.

· PDU set end indication or indication of the last PDU in a PDU set: this can be helpful for gNB, e.g., to indicate the UE to dynamically skip PDCCH monitoring once the last PDU of the PDU set is delivered.

· PDU set level QoS parameters including priority and [air interface] delay budget of a PDU set: this can help the gNB to select suitable CDRX parameters (e.g., periodicities) that enable fulfilling the delay requirements for a given flow. It also helps with UE power saving, e.g., by reducing retransmission or by early dropping of a PDU that exceeds the delay deadline. Additionally, it can also be helpful for efficient radio resource management by gNB for capacity improvement.

· PDU set size (number of bits) or number of PDUs in a PDU set: RAN1’s understanding is that in comparison to the statistical information, real-time or dynamic information provided to gNB, if possible, can help scheduler make more efficient scheduling decision to enable UE power saving. 

· PDU set identity and relationship information among PDUs within the same PDU set: gNB can use this information for early PDU dropping as mentioned above.

· Jitter information such as the range of the jitter (minimum and maximum value): Here jitter refers to packet arrival time variation at gNB for DL direction. gNB could use this information to configure parameters of UE power saving schemes, e.g., CDRX OnDuration and Active Time or PDCCH monitoring duration for handling of the jitter.


The motivation of PDU Set handling is that the NW can differentiate QoS handling considering different importance of PDU Sets. An example is the efficient packet dropping when the NW identifies some PDUs cannot be transmitted then other PDUs which rely on this PDU will be dropped. However, in current QoS framework, QoS flow is the finest granularity of QoS differentiation in the PDU Session. This implies that each packet in a QoS flow is treated according to the same QoS requirements. In order to assist RAN for the PDU Set identification, every node in the system (including UPF, gNB) should be aware of the QoS requirements for every packet. This may require a complete re-think of the network design. The UPF then need to add marks in the GTP-U headers of DL packets, e.g. the start/end indication of the PDU Set and PDU Set ID as captured as solution7 in SA2 TR 23.700-60 [4]. And gNB and the UE need always reliably identify the PDU Set with deep packet inspection at both gNB and UE sides. Some people may think gNB and UE can treat packets based on GOP pattern. But this is a very challenging as it requires a fixed GOP pattern which may not be very realistic as GOP size is dynamic and likely adapted at the codec level. For example if the link condition is very good then I-frames are less frequent and P-frames are sufficient.
Considering all the uncertainty of XR applications discussed aforementioned, QoS handlings with the granularity of PDU Set would not be considered as the baseline. Whether different type of packets with different importance in the same QoS flow need to be further differentiated and/or how to further distinguish them should be left for SA2 to discuss.  
Proposal 1: RAN2 is not suggested to pursue the QoS handlings with the granularity of PDU Set in XR.

Obviously, for DL XR traffic, traffic pattern information of ongoing and expected traffic including periodicity (e.g., frame rate, PDB, PBR) that can be provided to RAN for XR-awareness as legacy traffic. In addition, jitter info (e.g. mean, range) can also be informed to RAN for scheduling or C-DRX configurations. For uplink traffic, UE can provide assistance information of traffic pattern to the NW as already adopted for SPS assistance information in V2X sidelink communication.
Meanwhile, a delay aware scheduler is also discussed in [2]. For a delay aware scheduling model, gNB will take the remaining delivery time of a frame/slice into consideration to increase its overall capacity performance if the remaining delivery time of a frame/slice is limited. It is useful to enable the eNB be awareness of available delay in air interface budget as in VoLTE enhancements where a UE capable of providing delay budget report in RRC_CONNECTED may be configured to provide delay budget report.
Proposal 2: Delay budget report can be considered as UE assistance information to help the gNB to optimize scheduling.
The XR packet playout buffer in the application layer at UE is used to defend the delay jitter and out-of sequence XR packet arrival. UE playout buffer size would give the gNB scheduler additional delay budget in scheduling the XR data transmission, which would increase the link adaptation gain. If the size of the playout buffer is fed back to the gNB scheduler, gNB could have additional PDB for DL XR packet. And additional PDB can give gNB more time to schedule UE with packet delay close to deadline and better channel conditions.
Proposal 3: UE playout buffer related information can be considered as UE assistance information to help the gNB to optimize scheduling.
Unlike legacy traffic, different frames and data streams generated by the same XR application need to be received approximately at the same time, since they need to be processed together to give the user the impression of seamless experience to avoid jitter between video and audio which affects the user QoE. Obviously, these flows belonging to the same XR application of single UE have strong dependency with each other and they should be coordinated in delivery and ensure flow synchronization.
TS 22.261[5] documents the requirement of tactile and multi-modal communication service. The tactile and multi-modal communication service can be applied in multiple fields, including VR and AR. And a synchronization threshold is defined as the maximum tolerable temporal separation of the onset of two stimuli, one of which is presented to one sense and the other to another sense, such that the accompanying sensory objects are perceived as being synchronous.
Table 6.43.1-1: Typical synchronization thresholds for immersive multi-modality VR applications [5]
	Media components
	synchronization threshold (note 1)

	audio-tactile
	audio delay:

50 ms
	tactile delay:

25 ms

	visual-tactile
	visual delay:

15 ms
	tactile delay:

50 ms

	NOTE 1:  for each media component, “delay” refers to the case where that media component is delayed compared to the other.


In RAN, the impact of handling multiple associated streams should also be studied and evaluated. This synchronization threshold can be used as the KPI for determining UE satisfaction and capacity in UL and/or DL in multi-stream scenarios. And CN should inform such an association to the gNB, then gNB can therefore use this information to improve the scheduling mechanisms, e.g. efficient priority handling when considering the dependency between these two data flows from the same source. An example is that, gNB can configure similar or same priorities for the two logical channel so that UE would transmit them in a coordinated manner. 
Proposal 4: KPI for flow synchronization among multiple flows should be studied, e.g., synchronization threshold. 
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Proposal 1: RAN2 is not suggested to pursue the QoS handlings with the granularity of PDU Set in XR.
Proposal 2: Delay budget report can be considered as UE assistance information to help the gNB to optimize scheduling.
Proposal 3: UE playout buffer related information can be considered as UE assistance information to help the gNB to optimize scheduling.
Proposal 4: KPI for flow synchronization among multiple flows should be studied, e.g., synchronization threshold. 
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