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[bookmark: _Ref100246227]Introduction
In the RAN1 Rel-17 “Study on XR Evaluation for NR” [1], the eXtended Reality (XR) and Cloud Gaming (CG) have summarized the study results of the use cases and services, which are considered as one of the important features for NR in Rel-18 and beyond. Many of the XR and CG use cases are characterized by quasi-periodic traffic (with possible jitter from network transport) with high data rate in DL (i.e., video steam) combined with the frequent UL (i.e., pose/control update) and/or UL video stream. Both DL and UL traffic are also characterized by relatively strict packet delay budget (PDB). According to the capacity evaluation results in TR38.838 [2], there are performance gaps and limitation of current NR systems in supporting XR applications. Potential and necessary enhancements of NR system would be needed to better support XR applications. 
According to the scope of Study Item “Study on XR Enhancements for NR” [3], the XR-specific capacity improvements mainly focus on XR-specific capacity improvements, which include the enhancements of SPS and CG as well as dynamic scheduling enhancements.
	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 first provide the DL potential capacity enhancements of dynamic scheduling enhancements in Section 2. The SPS enhancement for improving the DL capacity of XR service is provided in Section 3. The potential CG enhancements for UL XR-specific traffic are discussed in Section 4.
DL dynamic scheduling enhancement
The C-DRX enhancement
The C-DRX had been introduced as the UE power saving feature since the LTE system and continuing in NR system. C-DRX cycle is usually configured as an integrate value for all different services in all cells by MAC protocol. The periodicity of XR application generated from source codec, such as VR/AR and CG, is not an integer value, which is 16.67ms for 60 FPS frame generation rate. Besides, in a real system, the packet inter-arrival time at the gNB would be varied for the jitter of network transport. If the packet arrives at the DRX-OFF, the packet would be buffered and transmitted at next DRX-ON, 
The C-DRX is configured in MAC entity to control UE the PDCCH’s monitoring activity for the MAC entity's C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, and AI-RNTI in TS38.321[4]. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation. According to the specification, all of traffic transmission would be controlled by the C-DRX. If the drx-Cycle or drx-startOffset is adapted only for XR-specific traffic, it would affect the other traffic and reduce the UE power saving for other service.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Based on above analysis, the XR-dedicated PDCCH monitoring window is introduced for the XR-specific traffic transmission as shown in Figure 1. UE is preconfigured with a fixed PDCCH monitoring cycle based on the periodicity of XR data arrival and delay jitter and the monitoring window disassociated with the PDCCH monitoring controlled by C-DRX. The C-DRX functionality would not affect the PDCCH monitoring and data scheduling of the XR-specific traffic. The periodicity of XR-specific monitoring can be configured based on the XR frame generation rate, e.g. 16.67ms for 60FPS. The length of the PDCCH monitoring window can be configured to adapt the jitter impact. The UE is required to monitor PDCCH at the preconfigured monitoring window in each monitoring cycle regardless it is DRX ON or OFF. Furthermore, the power saving techniques of PDCCH skipping or go-to-sleep indication could be used along with the XR-specific monitoring window to further reduce the PDCCH monitoring with details in [5]. In order to get the link adaptation gain for the XR transmission during the monitoring window, UE could feedback the CSI or beam measurement at the beginning of PDCCH monitoring cycle. Since XR-specific monitoring window would be customized for PDCCH monitoring outside and within Active Time of C-DRX, UE needs to be configured with a XR specific RNTI, e.g., XR-RNTI.
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[bookmark: _Ref101367837]Figure 1. The XR-specific monitoring window
Proposal 1：The C-DRX enhancement scheme should be considered for XR-specific traffic transmission but not to impact the other traffic transmission.

The gNB scheduling awareness UE playout buffer
The XR and CG services have a certain characteristics of the data streams (i.e., video) with data inter-arrival time varied while the services are transport through the NR network. Therefore, additional information on the XR services from higher layers, e.g. the QoS flow association, frame-level QoS, ADU-based QoS, XR specific QoS etc, would be beneficial to facilitate the selection of radio parameters for radio resource allocation. XR application awareness would help gNB to improve the user experience, the resource allocation to increase the NR system capacity in supporting XR services, and reduce the UE power consumption.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]One of the key feedback from the UE to the gNB is the UE playout buffer as shown in Figure 2. 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. The playout buffer at UE would ensure the in-sequence and time interval alignment of XR video frames when it plays out to the user. The proposed scheme is for UE to feedback not only the XR-application type (XR-application awareness) but also the implemented playout buffer at application layer to the gNB. The feedback of 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. In the evaluation, the size of playout buffer is fed back from the UE to the gNB. The gNB takes the length of the UE playout buffer as the additional PDB, which could give gNB more time to schedule UE within the delay budget requirement of the XR service with link adaptation gain. gNB knowing the size of playout buffer can preferentially schedule UE with packet delay close to deadline and better channel conditions.


[bookmark: _Ref101460673][bookmark: _GoBack]Figure 2. The gNB scheduling awareness UE playout buffer
According to the evaluation results in TR38.838, there are several gNB scheduling awareness schemes to be evaluated. Taken the VR/AR traffic as an example, the DL capacity performance gains are listed in Table 1.
Table 1. The capacity performance for the gNB scheduling awareness schemes
	gNB scheduling awareness schemes
	Capacity performance gain

	Delay aware scheduler[6]: during scheduling, gNB considers factors including: the remaining delivery time of the frame, etc.
	14.81%~30.23% for VR/AR, 30Mbps, 60FPS, 10ms PDB under InH scenario;
5.96%~33.51% for VR/AR, 30Mbps, 60FPS, 10ms PDB, under DU scenario.

	FLIT scheduler[7]: during scheduling, gNB considers factors including: the size of the frame, the size of the already sent part of the frame, the remaining delivery time of the frame, etc.
	21.74%~25.49% for VR/AR, 30Mbps, 60FPS, 10ms PDB, under DU scenario.

	gNB scheduling awareness UE playout buffer[8]: gNB considers the size of playout buffer feedback from UE and have additional time to schedule UE within the PDB requirements.
	33.3%~66.7% for VR/AR, 30Mbps, 60FPS, 10ms PDB under InH scenario.



From the evaluation results in Table 1, the gNB scheduling XR awareness schemes improve the gNB scheduler for the XR-specific traffic transmission based on the additional information of delay budget, which can result in the capacity performance enhancement. Especially for the gNB scheduling awareness of UE playout buffer, it can obtain the obvious capacity performance gain from 33.3% to 66.7% for the 2 frames to 4 frames buffer. Thus, the gNB scheduling awareness schemes should be considered to improve the capacity performance of XR-specific traffic, such as the gNB scheduling awareness UE playout buffer.
Proposal 2: The gNB scheduling awareness schemes should be considered to improve the capacity performance of XR-specific traffic.
The SPS enhancement
As the XR-specific traffic has the characteristic of periodical transmission, the radio resource would be allocated to the XR-specific traffic. The Rel-15/16 C-DRX usually can be used for UE power saving for robust data arrival with delay insensitive data. However, the Rel-15/16 C-DRX would not be appropriate for the XR-specific packets’ arrival time with the delay jitter through the network transport. The SPS PDSCH is to have semi-persistent resource allocation and activated by the L1 signalling, which UE could receive the PDSCH without any scheduling grant at the SPS occasion regardless DRX ON or OFF as shown in Figure 3. 
Thus, the SPS PDSCH and DRX could be configured together for UE with XR service and other application with robust traffic arrival.


[bookmark: _Ref101456024]Figure 3. SPS with DRX cycle configuration
However, the XR-specific traffic has variation in packet size from output of XR source codec, e.g. H.265/H.266, and inter-arrival time caused by network delay jitter. The SPS PDSCH with fixed resource allocation might not be sufficient to adapt to the arrival of XR traffic, which needs to be enhanced to adapt the resource allocation for the XR traffic. When XR traffic arrives at gNB, XR packet would be segmented to fit into the semi-static resource allocated resource, whose packet size is larger than the pre-allocated SPS resource. The enhancement of SPS is to allocate additional resource over the reserved SPS resource for the transmission of remaining XR packets when XR packet is larger than the pre-allocated SPS resource. 
For the SPS enhancement, the additional resource allocation can be indicated by L1 signalling and/or MAC layer information, as shown in Figure 4. For the additional XR resource indication by L1 signalling, the proposed enhancement is that the UE is required to monitor the PDCCH after SPS slot for dynamic resource allocation after SPS initial transmission. UE is pre-configured with the monitoring window following the SPS PDSCH occasion. If there is no XR packets in gNB buffer, UE can receive a scheduling DCI with a dummy grant as the indication of completion XR transmission and termination of the PDCCH monitoring in the monitoring window. The completion of XR data transmission and stop PDCCH monitoring can be carried in the MAC layer information at the last PDSCH at each SPS PDSCH occasion. Additionally, the PDCCH skipping indication or go-to-sleep indication could also be used for power saving purpose, whose details can be found in [5]. This SPS enhancement would allow the configuration of the DRX not to adapt the XR traffic inter-arrival time. In order to support PDCCH skipping for XR periodic service with delay sensitive and other robust traffic arrival with delay insensitive data, the PDCCH skipping interval could be enhanced to be configured separately between XR and other data to optimize the PDCCH reduction for increasing UE power saving gain.  
Thus, the SPS enhancement should be considered for XR-specific traffic transmission, such as the SPS is with the additional resource indication.
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[bookmark: _Ref101460622]Figure 4. SPS with additional resource allocation

Proposal 3: The SPS enhancement should be considered for XR-specific traffic transmission, such as the SPS is with the additional resource indication.

The CG enhancement
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Similar to DL XR-specific traffic, the UL XR-specific traffic has the characteristic of periodical data generation and variable packet size. UL configured grant is the candidate scheme for periodic UL XR traffic. The UL configured grant also has a fixed amount of resource allocation at each periodicity. The reserved resource allocation could be based on average packet size or minimum packet size of XR service with consideration of the system resource utilization. The larger the resource is allocated for CG, the less number of CG users is supported. It is clear that a fixed resource allocation could not be used for carrying XR data with variable packet size. It is challenge CG for NR without enhancement to support XR services with the high data rate, low latency and high reliability. The dedicated radio resource configured for CG-PUSCH could not be sufficiently large for high data rate transmission, which might cause excessive latency and performance penalty. If the XR packet size is larger than reserved resource allocation, additional resource allocation for remaining XR traffic needs to be included in the CG enhancement.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]For the CG enhancement, the dynamic allocation of additional resource for XR data rate adaptation by dynamic grant could be included the 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. If the BSR is reported by UE with the status “not empty”, UE would monitor the PDCCH in the subsequent slots for dynamic grant after XR packet transmission at the CG resource, in which the dynamic grant is used to schedule the remaining data of XR packet. In order for the same XR packet reception, the packets transmitted in CG and DG could be paired in the XR-specific CG configuration. 

[image: ]
Figure 5. CG with additional resource allocation

Proposal 4: The Configured Grant UL transmission should be enhanced to support low latency and large data rate transmission of XR traffic.

Conclusion
The proposals are summarized as follows:
Proposal 1：The C-DRX enhancement scheme should be considered for XR-specific traffic transmission but not to impact the other traffic transmission.
Proposal 2: The gNB scheduling awareness schemes should be considered to improve the capacity performance of XR-specific traffic.
Proposal 3: The SPS enhancement should be considered for XR-specific traffic transmission, such as the SPS is with the additional resource indication.
Proposal 4: The Configured Grant UL transmission should be enhanced to support low latency and large data rate transmission of XR traffic.
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