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1   Introduction

In this paper, we first justify the need of LCP enhancements for XR. Then possible solutions are discussed.
2   LCP enhancements for XR 
2.1   Need of LCP 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. Especially, to enhance the frame success rate of important frame (e.g., I frame for video streaming) has more significant impact on capacity improvement. 
Observation 1: To enhance the frame success rate of important frame (e.g., I frame for video streaming) has more significant impact on capacity improvement.
Figure 2 is an example of NR-Uu for UL XR. 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 [2] 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 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. 
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Figure 2: An example of NR-Uu for UL XR
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Figure 3: Layer 2 Data Flow Example
2.2   Solutions of LCP enhancements
Since LCP is operated in a decreasing LCH priority order, we propose to introduce a pre-emption scheduling for LCP based on e.g., delay information, the importance level of the PDU set. So important MAC SDUs in the logical channel buffers which are running out the delay budget can be transmitted as soon as possible. However, there are two issues needed to be considered. 
· PDU-set differentiation should be supported in the same DRB or between DRBs: CATT [3] analyzed three options of QoS mapping for XR services and had the following conclusions. Since IP flow to QoS flow mapping should be discussed and decided in SA2, RAN2 cannot decide any option of QoS mapping. To improve the reliability of XR services in uplink, UE should consider the frame importance during LCP procedure. The similar view was mentioned by Apple [4] that the QoS requirements of different PDU sets on a traffic flow may be different, and they may be mapped to different DRBs. However, it is also possible that they are mapped to the same DRB (which is more beneficial for UE implementation), Therefore, PDU-set differentiation should be supported in the same DRB or between DRBs for LCP enhancements. 
· The relationship between importance level of the PDU set and priority of logical channels needs to be considered: Because the importance level of the PDU set is defined in the application layer and the priority of logical channels is defined in RAN, whether they are equivalent or there exists a mapping between them are needed to be clarified. 
Proposal 1: RAN2 to introduce a pre-emption scheduling for LCP based on e.g. delay information, the importance level of the PDU set. The relationship between importance level of the PDU set and priority of logical channels needs to be considered.  
3   Conclusions

Based on the discussion, we have the following observations: 
Observation 1: To enhance the frame success rate of important frame (e.g., I frame for video streaming) has more significant impact on capacity improvement.
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 proposal is as follows. 

Proposal 1: RAN2 to introduce a pre-emption scheduling for LCP based on e.g. delay information, the importance level of the PDU set. The relationship between importance level of the PDU set and priority of logical channels needs to be considered. 
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