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1   Introduction

Based on the objectives of XR SI, we focus on the XR-specific capacity improvements in this document, specifically UL enhancement. First, we give an example to identify the need of UL capacity enhancement for XR. Then the UL resource request and UL scheduling issues are discussed using RAN1 studies as starting point. Finally, we propose that RAN2 is suggested to study the benefits and possible enhancement for UL resource request and UL scheduling in order to enhance the XR UL capacity. 
2   UL enhancement for XR 
In TR 38.838 [1], potential XR-specific capacity improvements are listed in section 7.3.3. Delayer aware scheduler, Frame level integrated transmission scheduler, Prioritizing important stream, Adaptive inter-UE/intra-UE multiplexing techniques and Enhanced buffer status reporting for UL transmission therein are related to UL capacity improvement. In section 2.1, we give an example to identify the need of UL capacity enhancement for XR, and discuss the enhancement of UL resource request and UL scheduling in section 2.2 and 2.3. 
2.1   Need of UL capacity enhancement for XR
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Figure 1: An example of UL XR traffic for a UE
Figure 1 is an example of UL XR traffic for a UE. Pose/control traffic is periodic (4ms) with fixed size, video traffic may be 60/90/120 fps with variable frame size, and audio traffic is periodic (20ms). In this example, pose/control traffic may be classified to a QoS flow with low latency, low data rate and high reliability, so Configured Grant is very suitable to accommodate it. Audio traffic may be classified to a QoS flow with low latency, low data rate and medium reliability, so Configured Grant is also suitable to support it. The bottleneck of UL capacity is the video traffic with burst characteristic and stringent latency. In this example, the I-frame stream and P-frame stream may be classified into different QoS flows due to different reliabilities, and the QoS flows may be mapped into different or the same high-priority logical channels. In TR 38.838 [1], a UE is declared as a satisfied UE if all the considered streams meet their own PER and PDB requirements, i.e., more than a certain percentage of packets are successfully transmitted within a given air interface PDB. That means in order to increase the number of the satisfied UE, we need to care about the video frame success rate, instead of the IP packet success rate only. For the UL transmission, if a UE can provide more information for the urgent data (i.e., data with importance and remaining PDB running out) to the gNB, the gNB may have more appropriate UL resource assignment to its served UE(s). Also, if a UE can have a better scheduling for multiple streams, it may have more appropriate MAC multiplexing and assembly when getting an UL grant. 
2.2   Enhancement for UL resource request
For the dynamic grant in NR, a UE uses the buffer status report (BSR) to inform the gNB its buffer size per logical channel group (LCG). Although there is an assumption that logical channels with similar priority may be grouped into one LCG, the gNB still does not have accurate information about the urgent XR data. For example, if the gNB acquires more information (e.g., the delay information) from the enhanced BSR, but could not allocate UL resource for this request before the specific point of time under the consideration of the UL traffic load, it may not be necessary for the gNB to give the resource to the UE after the specific point of time because the urgent data may become invalid. Therefore, for the UL transmission, if a UE can indicate more information (e.g., delay information, more accurate buffer size, etc.) for the urgent data to the gNB, the gNB can provide more appropriate UL resource assignment to its served UE(s). 
Observation 1: gNB can provide more appropriate UL resource assignment to its served UE(s) if a UE can indicate more information (e.g., delay information, more accurate buffer size, etc.) for the urgent data to the gNB. 
In RAN1 #109-e, there were documents related to the enhancement for UL resource request issue. In [2], Ericsson gave an enhanced BSR example of including delay information, e.g., the time left until exceeding the PDB for the application packets in the UE buffer, in the BSR and using it in a delay-aware scheduling algorithm (Least Slack Time) to better prioritize users in most urgent need, providing them resources to meet their PDB. In this way, network resources can be used more effectively with a 10% gain in XR capacity. CATT proposed in [3] that for the CG enhancement, the dynamic allocation of additional resource for XR data rate adaptation by dynamic grant could be included at the CG occasion for the remaining packet data to be transmitted. The optimized configured grant is that the remaining packet data is scheduled by dynamic grant based on the UE reported by the BSR in the MAC subPDU at the CG MAC-PDU. So no matter for dynamic grant or configured scheduling, if a UE can provide more accurate information for urgent XR in the UL resource request, it would be beneficial for the XR UL capacity. 
Proposal 1: In order to enhance the XR UL capacity, RAN2 is suggested to study the benefits and possible enhancement for UL resource request.  
2.3   Enhancement for UL scheduling
Figure 2 is an example of NR-Uu for UL XR. Based on [4] and [5], SA2 had agreed the definition of PDU Set, and SA4 did see value and interested in the concepts of PDU Sets and advanced QoS. 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 requirement at application layer. So from our understanding, a PDU set indicates a frame (e.g., I frame or P frame). SA2 [7] had discussed that the PDU set SN, the packet SN within PDU set, the total packet number of the PDU set or the last packet indication should be provided to 5G system for each packet. However, SA4 suggested that SA2 should focus on defining abstract QoS concepts w/o implying any specifics on video or application specifics. That means if the application and the 5GS have agreed to a QoS flow establishment, then the network is obviously expected to support the delivery of PDUs according to the QoS requirements of the application. For RAN2 scope, the SDAP sublayer maps the QoS flows to corresponding DRBs and the access stratum (AS) proceeds the Layer 2 Data Flow as the depicted example in TS 38.300 [6] shown in Figure 3. Since the scheduling in AS is dependent on the logical channels and no differential handling for a multiple-stream XR traffic, many potential enhancement, such as Delayer aware scheduler, Frame level integrated transmission scheduler, Prioritizing important stream and Adaptive inter-UE/intra-UE multiplexing techniques had been proposed in TR 38.838 [1] to enhance the system capacity. For the DL transmission, gNB has the responsibility to implement these scheduling enhancement for XR. However, for the UL transmission, a UE proceeds a logical channel prioritization (LCP) to multiplex and assemble a MAC PDU when a new transmission is performed. Therefore, if XR application awareness in RAN at UE side can be realized, a UE can have a better scheduling to appropriately multiplex and assemble a MAC PDU for multiple-stream XR traffic when getting an UL grant. 
Observation 2: A UE can have better UL resource scheduling for multiple-stream XR traffic if XR application awareness in RAN at UE side can be realized. 
[image: image5.png]Pose/control:
periodic (4ms) with
fixed size

|

1- frame

video: I-frame + P-frame

60/90/120 fps with variable
frame size

P- frame

S\

l

\  Configured Grant /

Ql gher priority logical channel/

(  Audio: \

Periodic (20ms)

|

QoS flow:

low latency
Low data rate
Medium reliability

l

\  Configured Grant |




Figure 2: An example of NR-Uu for UL XR 
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Figure 3: Layer 2 Data Flow Example
In RAN1 #109-e, there were documents related to the enhancement for UL scheduling. In [8], Intel pointed out that the scheduler is not being aware of which stream each packet belongs to and schedules using first in, first out approach. Therefore, it is possible that pose/control packets with more stringent delay requirement fails to be delivered within its PDB due to the long wait time in the buffer while the large video packet is served. For multi-stream traffic such as the two-stream traffic in UL, mix of CG (for pose/control) and DG (video) based transmission can be considered. InterDigital proposed in [9] that the key traffic characteristics of XR and the corresponding impacts that should be further studied when considering enhancements for capacity are: 1. Consideration of PDU sets/frames, 2. Consideration of multiple streams. Starting point for potential enhancement techniques for capacity can be those identified during Rel-17 SI (e.g. delay aware scheduling, prioritizing/pre-empting important streams in DL/UL, etc. 
Proposal 2: In order to enhance the XR UL capacity, RAN2 is suggested to study the benefits and possible enhancement for UL scheduling. 
3   Conclusions

Based on the discussion, we have the following observations: 
Observation 1: gNB can provide more appropriate UL resource assignment to its served UE(s) if a UE can indicate more information (e.g., delay information, more accurate buffer size, etc.) for the urgent data to the gNB.
Observation 2: A UE can have better UL resource scheduling for multiple-stream XR traffic if XR application awareness in RAN at UE side can be realized. 
Our proposals are as follows. 

Proposal 1: In order to enhance the XR UL capacity, RAN2 is suggested to study the benefits and possible enhancement for UL resource request. 
Proposal 2: In order to enhance the XR UL capacity, RAN2 is suggested to study the benefits and possible enhancement for UL scheduling. 
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