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[bookmark: _Ref100246227]Introduction
In the RAN1 Rel-17 “Study on XR Evaluation for NR” [3], 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. As the agreements in RAN1#110bis-e, the potential schemes for the capacity enhancement of XR were listed. Both the capacity performance and power saving gain of the proposed enhancement schemes need to be coupled to be presented in the evaluation results for their performance gain.
	Agreement
To study whether/how the enhanced CG candidate techniques are necessary and beneficial for improving XR capacity, focus at least on the following techniques:
· Dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE
· Increase CG PUSCH transmission occasions in a duration 

Conclusion
No further discussion in RAN1 for Rel-18 XR to extend the support of legacy single DCI scheduling multi-PDSCHs for FR2-2, to other SCS in FR1/FR2-1.

Conclusion
The capacity gain performance results in R1-2208661, R1-2209658 and R1-2209198 corresponding to enhancements based on multi-PDSCH scheduling by a single DCI are captured in XR SI TR

Conclusion
Study on enhancement for CBG based HARQ-ACK feedback reporting is down-priorotized in RAN1 XR SI.

Conclusion
The following proposed enhancements techniques to improve XR capacity performance are down-priorotized in RAN1 XR SI:
· (P3-5-3) Study on PHR enhancement based on XR traffic arrival periodicity or UL pose periodicity.
· (P3-5-4) Study mechanism of packet dropping based on the PDB requirement, to avoid resource waste due to the out-of-date packets.

Agreement
· For further study the mechanisms to enable HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells, consider at least the following:
· Capacity performance evaluation results
· Complexity analysis and RAN2 impact

Conclusion
· Study of soft HARQ-ACK and Delta MCS in RAN1 XR SI for improving XR capacity is down-priortized.
· Note: The corresponding capacity gain performance results in R1-2210003, R1-2208377 and R1-2203607 are captured in XR SI TR.

Conclusion
· Study on enhanced CQI based on CBG transmission, and study on enhanced CQI based on DMRS for improving XR capacity are down-priortized in RAN1 XR SI.
· Note: The corresponding capacity gain performance results in R1-2208402 and R1-2209536 are captured in XR SI TR.

Conclusion
Study on Cooperative MIMO via DL interference probing based on SRS enhancement for improving XR capacity is down prioritized in RAN1 XR SI.
Note: The corresponding capacity gain performance results in R1-2208377 are captured in XR SI TR.

Conclusion
No consensus to continue study on differentiation of XR multiple flows based on CG enhancement in RAN1 XR SI.

Conclusion
No consensus to continue study of multi-bits SR mechanisms for capacity improvement of XR traffic in RAN1 XR SI.



In this contribution, the DL capacity enhancements of dynamic scheduling scheme with the results of their capacity performance and power saving gain are shown in Section 2. The SPS enhancement for improving the DL capacity of XR service and the potential CG enhancements for UL XR-specific traffic are provided in Section 3.1 and Section 3.2, respectively, where the capacity performance and the power saving gain are both presented. The evaluation assumptions of the schemes in our contribution including the traffic model and simulation parameters as a whole section are listed in the Annex. 
Dynamic scheduling enhancement
According to the study of Rel-17 “Study on XR Evaluation for NR” [3] in RAN1, the video stream in XR application, such as VR/AR and CG, are periodically generated based on the source codec frame generation rate, e.g. 60 FPS. For DL traffic in VR/CG, the packet inter-arrival time at the gNB would be varied caused by the delay jitter of network transport. The packet arrival of the UL XR traffic would be periodic at the UE MAC/physical layer for scheduled UL transmission without delay jitter. The pose/control information as the classical UL XR traffic is usually generated with the 4ms periodicity with a small packet size, e.g. 100 bytes.
The dynamic scheduling can dynamically allocate resource for the transmission at the instance of XR packets to meet the stringent QoS requirements of low latency and large packet size. However, the price of dynamic scheduling for XR is the UE power consumption, where in UE always on the standby for the XR packet arrival without any power consumption reduction in reducing PDCCH monitoring. The C-DRX is usually configured in NR for the power saving purpose. When the C-DRX is configured for the XR-specific transmission, the miss-alignment between the XR-packet arrival time and the On-duration of C-DRX would result in excessive delay of XR packet scheduling and leads to the capacity degradation, which had been evaluated and captured in TS 38.838[2]. When the XR packet arrives at the DRX-OFF, it would wait for the next on-duration, which results in the additional transmission delay. If the longer on-duration is configured, it would lead to the larger power consumption for UE. Thus, the C-DRX mechanism should be enhanced for the XR-specific traffic. 
In this section, the DG enhancement schemes including the XR-dedicated PDCCH monitoring window and the XR-specific playoutDelayForMediaStartup for the gNB scheduling awareness are proposed for capacity enhancement based on the C-DRX mechanism.
The XR-dedicated PDCCH monitoring window for 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 serving 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. The packet inter-arrival time at the gNB would vary due to the delay jitter from the network transport XR packets. If the packet arrives at the period during the DRX-OFF, the packet would be buffered and transmitted at next DRX-ON
According to the NR MAC specification [4] as follows, the MAC would control the PDCCH monitoring for all traffic when the C-DRX is configured for the UE. 
	TS 38.321, Section 5.7 [4]:
“The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH 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, AI-RNTI, SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. 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 specified in this clause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213.”



If DRX is configured in RRC_CONNECTED state for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation. If the drx-Cycle or drx-startOffset is adapted only for XR-specific traffic, it would affect the other traffic and have impacted to the UE power saving for other services. Thus, the enhancement of the dynamic scheduling based on the DRX configuration should not impact the PDCCH monitoring and resource allocation of other traffic, such as robust traffic arrival of eMBB, used by the UE in the same time in achieving UE power saving. 
Proposal 1：The dynamic scheduling enhancement for XR traffic should not impact the PDCCH monitoring and resource allocation of other traffic, such as robust traffic arrival of eMBB used by the UE in the same time in achieving UE power saving.
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]The XR-dedicated PDCCH monitoring window for DL
[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK19][bookmark: OLE_LINK20]The XR-dedicated PDCCH Monitoring Window (XR-PMW) is the dynamic grant enhancement with XR-specific pre-scheduling. It is proposed for the XR-specific traffic transmission without impacting the PDCCH monitoring controlled by C-DRX and resource allocation of other traffic with robust traffic arrival. As shown in Figure 1, the detailed procedure is provided as following:
· UE is preconfigured with a fixed PDCCH monitoring cycle based on XR awareness information including the periodicity of XR data arrival and expected delay jitter. The XR-specific PDCCH monitoring window is disassociated with the PDCCH monitoring controlled by C-DRX via pre-configuring the XR-specific search space and/or XR-specific RNTI, e.g. XR-RNTI. The C-DRX functionality would not affect the PDCCH monitoring and data scheduling of the XR-specific traffic, i.e. the PDCCH for XR specific traffic can be monitored outside and within Active Time of C-DRX. The XR-PMW scheme can ensure that XR specific traffic transmission would not impact that of the other traffic.
· The periodicity of XR-specific monitoring can be configured based on the XR frame generation rate, e.g. 16.67ms for 60FPS. It can improve the capacity performance for reducing the delay caused by the misalignment between the C-DRX and XR packet generation.
· The length of the PDCCH monitoring window can be configured to dynamically adapt to the network delay jitter. The UE is required to monitor PDCCH at the preconfigured monitoring window in each monitoring cycle regardless it is DRX ON or OFF. The PDCCH monitor window could be configured in coordination among XR UEs to allow the system capacity gain through MU-MIMO scheduling. 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. The XR-PMW scheme can improve the capacity performance for dynamically adapting the jitter based on the enough length of monitoring window and the certain power saving schemes to reduce the unnecessary PDCCH monitoring.

[image: ]
[bookmark: _Ref101367837]Figure 1: The XR-specific PDCCH monitoring window (XR-PMW) scheme
[bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK5][bookmark: OLE_LINK6]We evaluated the capacity and power saving performance of XR-PMW compared with the different baseline schemes. The evaluated performance of the capacity gain and power saving gain compared with the Baseline scheme 1 and Baseline scheme 2 are provided in Table 1 and Table 2, in which the baseline schemes are evaluated based on link adaptation with SU-MIMO scheduling, while the XR-PMW scheme and its power saving schemes are evaluated based on MU-MIMO scheduling since the gNB could configure UEs in the same XR-PMW monitoring window to achieve MU-MIMO gain comparing to no coordination of UE groups in the baseline scheme with dynamic scheduling. The two baseline schemes based on the agreed baseline of the SU-MIMO in RAN1#110 are listed as following:
· Baseline scheme 1(SU-MIMO): UE would be always on to monitor the PDCCH for dynamic scheduling XR-specific traffic, in which there is no power saving scheme applied. It is the upper bound of XR capacity performance for existing dynamic scheduling scheme but worst UE power saving performance.
· Baseline scheme 2(SU-MIMO): UE is configured the C-DRX cycle with the parameters (DRX cycle, on-duration, inactive timer) = (16, 12, 4), in which the capacity of this C-DRX configuration is near to that of UE always on.
From Table 1 and Table 2, the XR-PMW based on MU-MIMO transmission without and with the different power saving schemes are considered for improve both capacity performance and power saving performance. The parameters (XR-PMW cycle, window length) = (16, 12) for XR-PMW are adopted.
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]XR-PMW scheme 1(MU MIMO): the XR-PMW only that UE is configured with fixed PDCCH monitoring cycle and monitoring window disassociated with DRX. The fixed PDCCH monitoring cycle could be customized for the periodic traffic generation of XR service. The window size of PDCCH monitoring at each cycle could be dynamically adapted to the delay variation of packet arrival caused by network jitter. UE monitors only XR scheduled PDCCH during a preconfigured PDCCH monitoring window. 
· XR-PMW scheme 2(MU MIMO): The XR-PMW with go-to-sleep that UE monitors the PDCCH for the dynamic scheduling in the XR-PMW. When traffic transmission is completed, UE would be indicated to go to sleep until the next XR-PMW. 
· XR-PMW scheme 3(MU MIMO): The XR-PMW with PDCCH skipping and go-to-sleep that UE would be indicated to continuously skip the PDCCH monitoring at the beginning of the XR-PMW. UE skips monitoring the PDCCH at the Monitoring Occasion (MO) until the traffic packet arrives. When traffic transmission is completed, UE would be indicated to go to sleep until the next XR-PMW. 
Furthermore, the capacity and power saving performance of the C-DRX with the different configurations are also provided for the comparison, which include the configurations (DRX cycle, on-duration, inactive timer) = (16, 12, 4), (16, 8, 4) and (6, 4, 2). The configurations (16, 12, 4) and (16, 8, 4) of C-DRX are considered, which are with the similar DRX cycle as the frame refresh rate, e.g. 60FPS, of video stream in XR traffic and the different on-duration timers for adapting the jitter delay. And the configuration (6, 4, 2) with shorter DRX cycle is also taken into account for the power saving purpose. 
[bookmark: _Ref110327210][bookmark: _Ref110327197]Table 1: The evaluation result comparison between the XR-PMW with MU-MIMO
and the Baseline scheme 1 (UE always on with SU-MIMO) 
	Evaluation Schemes
	Capacity
	Power saving

	
	#satisfied UEs per cell
	% of satisfied UEs
	Capacity enhancement Gain
	Power Saving Gain (PSG)

	[bookmark: _Hlk110785489]DG scheduling and UE always on (SU-MIMO) (Baseline scheme 1)
	5.8
	96.7%
	0.0%
	-

	XR-PMW scheme 1:
XR-PMW (16,12)
	10.8
	90.00%
	86.2%
	7.62%

	XR-PMW scheme 2:
XR-PMW (16,12) with go-to-sleep
	10.8
	90.00%
	86.2%
	20.90%

	XR-PMW scheme 3:
XR-PMW (16,12)
with PDCCH skipping and go-to-sleep
	10.7
	89.17%
	84.5%
	26.68%



From the evaluation results in Table 1, the capacity gain and power saving gain are both observed for the XR-PMW scheme based on the MU-MIMO compared with Baseline scheme 1: the DG scheduling based on SU-MIMO with UE always on. The XR-PMW scheme with MU-MIMO scheduling can obtain 84.5%~86.2% capacity gain compared with the Baseline scheme 1, the obvious capacity gain mainly comes from the higher resource utilization rate of the MU-MIMO scheduling due to the coordination of monitoring window among UEs in the XR-PMW scheme. Furthermore, when the power saving schemes, such as PDCCH skipping and go-to-sleep, are adopted in the XR-PMW, 20.9%~26.68% power saving gain can be obtained for reducing the unnecessary PDCCH monitoring during the monitoring window of the XR-PMW. UE is indicated to sleep state once it completes the reception of the PDSCH of XR packet and reports all ACKs for PDSCH. The detailed power saving schemes can be find in [5].
[bookmark: _Ref110327217]Thus, we have the following observation:
Observation 1: The XR-PMW based on MU-MIMO with coordinated monitoring window among co-scheduled UEs could obtain the 84.5%~86.2% capacity gain than that of the UE always on for DG scheduling based on SU-MIMO and obtain 20.9%~26.68% PSG compared to that of the UE always on for DG scheduling.
Furthermore, taken the C-DRX with configuration (16, 12, 4) based on SU-MIMO as the baseline scheme 2, the evaluation results including the capacity performance and power saving gain for the PMW wo/w the certain power saving schemes are provided in Table 2, in which the XR-PMW is evaluated based on the MU-MIMO transmission. 
[bookmark: _Ref110355979]Table 2: The performance comparison between baseline scheme 2 (SU-MIMO) (C-DRX (16, 12, 4)) and 
XR-PMW with PDCCH skipping and go-to-sleep using MU-MIMO
	Evaluation Schemes
	Capacity
	Power saving

	
	#satisfied UEs per cell
	% of satisfied UEs
	Capacity enhancement Gain
	Power Saving Gain (PSG)

	[bookmark: OLE_LINK40][bookmark: OLE_LINK41]DG scheduling with C-DRX(16,12,4) (SU-MIMO)
 (Baseline scheme 2)
	3.7
	92.5%
	-
	-

	XR-PMW scheme 1:
XR-PMW with (16,12)
	10.8
	90.00%
	192%
	3.81%

	XR-PMW scheme 2:
XR-PMW with go-to-sleep
	10.8
	90.00%
	192%
	17.64%

	XR-PMW scheme 3:
XR-PMW
with PDCCH skipping and go-to-sleep
	10.7
	89.17%
	189%
	23.66%




We observe that the evaluation results of XR-PMW schemes in Table 2 are with the obvious capacity performance gain than the Baseline scheme 2: DG scheduling with C-DRX (16, 12, 4) based on the SU-MIMO transmission. The capacity gain of XR-PMW schemes can be achieved up to 189%~192%, while the 17.63%~23.66% power saving gain can be obtained. For the Baseline scheme 2, the UEs would spend more time to wait for the transmission the XR packets when the SU-MIMO scheduling is used, which mainly impact the capacity performance. When MU-MIMO is adopted during the monitoring window of XR-PMW, the efficient resource utilization rate would reduce the waiting delay to improve the XR capacity performance. Otherwise, in order to reduce the unnecessary PDCCH monitoring, UE could perform PDCCH skipping with certain duration until the packet arrival at the gNB in each cycle. UE is indicated to sleep state once it completes the reception of the PDSCH of XR packet and reports all ACKs for PDSCH. The details of power saving schemes, i.e. PDCCH skipping enhancement and go-to-sleep scheme, can be found in the [5].
Thus, we have the following observation:
Observation 2: The XR-PMW based on MU-MIMO with coordinate monitoring window of co-scheduled UEs with go-to-sleep and XR-PMW based on MU-MIMO with PDCCH skipping and go-to-sleep can obtain 189%~192% capacity gain and 17.64% and 23.66% PSG than the C-DRX with (16, 12, 4) using SU-MIMO, respectively.
Therefore, the XR-specific PDCCH monitoring window using MU-MIMO could obtain the obvious capacity gain and power saving gain than both the DG scheduling with UE always on and C-DRX (16, 12, 4) using SU-MIMO, but not to impact the power saving of other traffic with robust traffic arrival.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Proposal 2: The DL XR-dedicated PDCCH Monitoring Window (XR-PMW) can obtain 84.5%~192% capacity gain and 17.64%~26.68% power saving gain, whose capacity gain is obtained via applying the following potential technologies:
· The XR-PMW is a pre-scheduling scheme with semi-static configuration of PDCCH monitoring at both DRX ON and OFF by XR-specific search space. 
· The XR-PMW scheme can ensure that XR specific traffic transmission is not impact that of the other traffic.
· The XR-PMW scheme can improve the capacity performance for reducing the delay caused by the misalignment between the C-DRX and XR packet generation.
· The XR-PMW scheme can improve the capacity performance for dynamically adapting the jitter based on the enough length of monitoring window and the certain power saving schemes to reduce the unnecessary PDCCH monitoring.
Proposal 3: The DL XR-PMW should be captured in TR and should be considered as the potential dynamic scheduling enhancement scheme for its obvious capacity gain and power saving gain.
In additional, gNB could collect the measurement results of the average transmission delay and jitter for the XR packets arriving at gNB of each UE. The measurement results could be used for adjusting the monitoring window size of the XR-PMW to achieve the UE power saving and to improve the performance of UE coordination in MU-MIMO scheduling. When the delay measurement result is not fit for the monitoring window size of XR-PMW, gNB would indicate UE to adapt the monitoring window or re-configure the parameters of XR-PMW. For instance, gNB measures the average transmission delay and jitter in a fixed duration e.g., every 200 ms and collects the measurement results via the sliding window method. When the measured delay is lower than the monitoring window size of XR-PMW, gNB could indicate UE to adjust the monitoring window or re-configure the parameters of XR-PMW in order to reduce unnecessary PDCCH monitoring. If the measured delay jitter is excessive over the monitoring window size, gNB needs to reconfigure the UE with longer PDCCH monitoring window size to prevent excessive delay in scheduling of late arrival packet and degrade the system capacity. Thus, the measurement results of the average transmission delay and jitter could be used in XR-PMW scheme to improve the power saving performance.
Proposal 4: The measurement of the average transmission delay and jitter should be standardized to optimize the configure PDCCH monitoring window size of XR-PMW scheme and to improve system capacity and the power saving performance.

The XR-dedicated PDCCH monitoring window for UL
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]The XR-dedicated PDCCH monitoring window that the dynamic grant enhancement with XR-specific pre-scheduling, can also be used for XR packet transmission in UL, especially for UL scene and video with less jitter. 
· Considering the XR awareness, the XR traffic associated information, such as packet periodicity and/or statistic packet size will be informed by the core network to the gNB [10]. The cycle of the XR-dedicated PDCCH monitoring window can be set to be the same as the periodicity of XR application generated from source codec, e.g. 16.67ms for 60 FPS. 
· For the XR-PMW scheme, UE monitoring the XR-specific dynamic grant is disassociated with C-DRX. UE is configured the XR-specific search space and/or XR specific RNTI, e.g., XR-RNTI, for the PDCCH monitoring outside and within Active Time of C-DRX. During the Active Time of C-DRX, UE monitor the dynamic scheduling DCI for XR based on the XR-specific search space for several slots of window length. Since the XR specific RNTI, e.g., XR-RNTI, is out of control of C-DRX, UE can also monitor the PDCCH for the XR packet reception outside the active time of C-DRX. 
· In the XR-PMW scheme for UL, the pre-scheduling is to use the XR awareness information of UL XR traffic periodicity for reducing the delay caused by the scheduling request (SR). For the UL transmission based on legacy dynamic grant, SR is sent at the configured SR resource at each XR packet arrival to UE. The SR resource is configured periodically for UE to request the dynamic resource allocation of UL transmission based on robust traffic arrival. Since SR resources are the overhead of UL radio resource, the periodicity of SR resource would not be too short. The additional delay caused by SR transmitted at the configured SR resource would be introduced for UL dynamic scheduling, which can degrade the system capacity of UL XR transmission. During the monitoring window, UE is configured to monitor PDCCH associated with the XR-specific search space at each cycle, which is with the same periodicity as the XR packet generation. UE would not need to send the SR and receive the dynamic grant at the XR-specific search space, which can reduce the XR transmission delay caused by the legacy SR. 
· In the XR-PMW scheme for UL, the BSR is also enhanced to have XR-specific triggering mechanism of BSR report to minimize the scheduling delay. The XR-specific BSR report triggering mechanism is that the BSR report will be trigger at the 1st PUSCH of each XR packet at each cycle to inform gNB the remaining packet size to be transmitted after the 1st PUSCH transmission of the XR traffic. When gNB receive the BSR, gNB would schedule UE the UL PUSCH transmission until the completion of XR packet delivery in this cycle. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]In this section, we evaluate the capacity performance of the XR-PMW for UL and take the legacy UL dynamic scheduling as the baseline scheme. The evaluation results are provided in Table 3. The SR delay is considered in the UL dynamic scheduling scheme based on 5ms periodicity of SR resource. For the UL XR-PMW scheme, the pre-scheduling dynamic grant based on the XR awareness is considered and XR specific PDCCH monitoring is aligned with the periodicity of XR packet generation. The enhanced BSR in the XR-PMW that UE sends the BSR report at the 1st PUSCH of each XR packet periodicity is taken into account. According to the evaluation results in Table 3, we can find that the UL XR-PMW scheme with the pre-scheduling dynamic grant and the enhanced BSR can obtain 33.3% capacity gain for reducing the SR/BSR delay.

[bookmark: _Ref115201239]Table 3: The evaluation result comparison between XR-PMW for UL 
and UL dynamic scheduling with SR/BSR delay (5ms)
	
	Capacity

	
	#satisfied UEs per cell /
% of satisfied UEs
	Capacity gain

	[bookmark: _Hlk117513414]DG scheduling with 5ms SR/BSR delay and UE always on (baseline)
	5.4 / 90.0%
	-

	XR-PMW (16.67, 8) for UL with the BSR enhancement
	7.2 / 90.0%
	33.3%



Proposal 5: The UL XR-PMW scheme can obtain 33.3% capacity gain compared with legacy UL dynamic scheduling, whose capacity gain is obtained by applied following potential technologies:
· The XR-specific search space and/or XR specific RNTI, e.g., XR-RNTI, is configured for the XR-specific dynamic grant disassociated with C-DRX to reduce the necessary transmission waiting delay caused by C-DRX for improving the capacity of XR-specific traffic.
· [bookmark: OLE_LINK18][bookmark: OLE_LINK23]The pre-scheduling based dynamic grant based on the XR awareness information can reduce the XR transmission delay caused by the legacy SR for improving the capacity of XR-specific traffic.
· The enhanced BSR that UE sends the BSR report at the 1st PUSCH of each XR packet periodicity can minimize the scheduling delay for improving the capacity of XR-specific traffic.
Proposal 6: The UL XR-PMW scheme and its capacity performance should be captured in TR and be considered as the potential dynamic scheduling enhancement technology for improving the capacity performance of XR specific traffic.
The XR-specific playoutDelayForMediaStartup for the gNB scheduling awareness 
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_LINK13][bookmark: OLE_LINK14]The specification of SA4 Rel-17 TS 26.247 [6] emphasizes that the playoutDelayForMediaStartup and appLayerBufferLevel are two important QoE metrics for operator to evaluate the quality of its service offer, where the playoutDelayForMediaStartup is the waiting time that the user experiences for media start-up. The other QoE metric appLayerBufferLevel is buffer level, which indicates the playout duration for which media data of all active media components is available starting from the current playout time [9]. A UE capable of application layer measurement reporting in RRC_CONNECTED may initiate the procedure when configured with application layer measurement, i.e. when appLayerMeasConfig and SRB4 have been configured by the network. The QoE metrics can be included in the RAN visible application layer measurement report in TS38.331 [7], i.e. MeasurementReportAppLayer and appLayerBufferLevel, and reported to gNB. 
 
	TS 38.331, Section 5.7.16[7]
Upon initiating the procedure, the UE shall:
1>	for each measConfigAppLayerId:
<omit the text>
2>	if RAN visible application layer measurement report has been received from upper layers:
3>	for each appLayerBufferLevel value in the received RAN visible application layer measurement report:
4>	set the appLayerBufferLevel values in the appLayerBufferLevelList to the buffer level values received from the upper layer in the order with the first appLayerBufferLevel value set to the newest received buffer level value, the second appLayerBufferLevel value set to the second newest received buffer level value, and so on until all the buffer level values received from the upper layer have been assigned or the maximum number of values have been set according to appLayerBufferLevel, if configured;
3>	set the playoutDelayForMediaStartup to the received value in the RAN visible application layer measurement report, if any;
3>	for each PDU session ID value indicated in the received RAN visible application layer measurement report, if any:
4>	set the PDU-SessionID field in the pdu-SessionIdList to the indicated PDU session ID value;
<omit the text>



Based on the existing specification, the playoutDelayForMediaStartup and appLayerBufferLevel from the UE to the gNB can be used for capacity enhancement. Especially, the XR-specific playoutDelayForMediaStartup and appLayerBufferLevel need to be enhanced to incorporate the information of XR-awareness for improving XR capacity, which is shown in Figure 2. The detailed procedure is provided as following.
· [bookmark: _Hlk118282378]The XR-specific playoutDelayForMediaStartup scheme is for UE to feedback the XR-application awareness information including XR-application type, XR-specific playoutDelayForMediaStartup and appLayerBufferLevel at application layer to the gNB, which can be used to enhance the scheduling XR specific traffic in gNB. The rate adaptation of XR application agreed in SA2 is to reduce the buffer required for low-latency, low loss, scalable XR traffic in [10]. The XR-specific playoutDelayForMediaStartup and appLayerBufferLevel are part of resolution in the SA2 study of XR awareness and congestion control. 
· [bookmark: OLE_LINK36][bookmark: OLE_LINK37]The feedback of XR-specific playoutDelayForMediaStartup and appLayerBufferLevel from UE would give the gNB scheduler additional delay budget in scheduling the XR data transmission, which would increase the link adaptation gain. For example, when the reported appLayerBufferLevel is 3 frames, it implies that the playout time of the XR media data is about 50ms for 60FPS available after the scheduled XR arrival time. This implies that gNB scheduler has the extended PDB for scheduling the XR packet on PDSCH. The more time for scheduling XR packet transmission in the XR-specific playoutDelayForMediaStartup scheme could increase the link adaptation gain and improve the system capacity performance.
· [bookmark: OLE_LINK24][bookmark: OLE_LINK29]The XR-specific playoutDelayForMediaStartup and appLayerBufferLevel in the application layer at UE are used to defend the delay jitter and out-of-sequence XR packet arrival. The XR-specific playoutDelayForMediaStartup and appLayerBufferLevel at UE could ensure the in-sequence and time interval alignment of XR video frames when it plays out to the user. Especially for the larger jitter range, [-8, 8] ms as proposed in SA4 and over, the out-of-order XR packets arrival can be re-arranged and scheduled in order transmission to the UE with the extended delay budget. Thus, the XR-specific playoutDelayForMediaStartup scheme could improve the capacity of XR specific traffic for solving the packet out-of-order arrival problem.
· Based on the XR-specific playoutDelayForMediaStartup scheme, UE PDCCH monitoring time for dynamic scheduling would cross over multiple XR packet generations over the extended delay budget period. The alignment of C-DRX cycle to the XR packet generation cycle would be ineffective since the scheduling interval of XR packets could cross the enhanced DRX cycle. In order to reduce the PDCCH monitoring in achieving the UE power saving, the power saving schemes including PDCCH skipping and Go-to-sleep indication can be used for UE saving consumption. Since the gNB scheduler considers the XR-specific playoutDelayForMediaStartup and appLayerBufferLevel reported from UE to extend the scheduling delay, gNB could optimize the link adaptation for each UE to improve the overall XR system capacity. . UE would be indicated the PDCCH skipping interval by the gNB to reduce the PDCCH monitoring occasion for the XR specific traffic transmission during the period of extended delay budget to improve the UE power saving as well as the link adaptation optimization through the CSI feedback. The L1 procedure needs to be enhanced with XR-specific PDCCH monitoring control with the extended PDB by incorporating the UE power saving techniques when the UE reports the buffer in the XR-specific playoutDelayForMediaStartup. 
· [bookmark: OLE_LINK38][bookmark: OLE_LINK39]When the C-DRX or XR-PMW is configured, the PDCCH monitoring control by C-DRX or XR-PMW should not only consider aligning the PDCCH monitoring cycle to the XR package generation cycle but also the additional PDCCH monitoring period from the extended PDB. Since the extended packet delay budget would cross over multiple XR packet generation, the PDCCH monitoring cycle controlled by C-DRX or XR-PMW does not need to be fully aligned with the XR packet generation cycle. The PDCCH monitoring duration controlled by DRX ON or XR-PMW window could target the network delay jitter. The active time of the C-DRX or XR-PMW for PDCCH monitoring control should be adaptively adjusted to satisfy the extending delay budget via the semi-static configured timer or dynamic signalling. 
· The XR-specific playoutDelayForMediaStartup scheme based delay aware scheduler is considered for improving the capacity performance of XR specific traffic. Different UE might have different length of playout delay for XR starting up or buffer level based on the UE implementation. gNB could prioritize the UE scheduling based on the extended delay budge from the reported playout delay size and buffer level, in which a group UEs in the same priority queue are with the same length of playout delay. 
· The measurement of the average transmission delay and jitter for the XR packets arriving at gNB are collected for rate adaptation and marking of explicit congestion notification at the gNB to reduce the required buffer of XR packets at the UE [11]. The XR study in SA2 had concluded to use explicit congestion notification (ECN) marking for the purpose of Low Latency, Low Loss and Scalable Throughput services for uplink or and downlink QoS Flows at the gNB. The measurement of the average delay and delay jitter at the gNB could be used as the reference measures for the congestion estimation of network transport. The average scheduling delay with the UE extended delay budget of XR service provided by playout delay size would be incorporated in the proportional fair algorithm for XR packet scheduling as the additional component of network congestion estimation. The average transmission delay and jitter would be used for XR rate adaptation at the XR application layer to smooth out by the delay awareness in gNB scheduler to schedule XR packet within the extended delay budget. The gNB could also feed back the measurements of the average transmission delay and jitter to the UE via the RRC signalling, which can help UE setting the adapt the playout delay or buffer level in order to efficiently handle the XR packets, such as to warn the UE of the proper playout buffer level. 
[bookmark: _Hlk118361792]Proposal 7: The XR-specific playoutDelayForMediaStartup scheme can significantly improve the capacity performance of XR-specific traffic, based on the extended delay budge and realign the XR packet in-order delivery on scheduled PDSCH transmission for out-of-order packet arrival from the reported playout delay size and buffer level.
[bookmark: _GoBack]Proposal 8: The XR-specific playoutDelayForMediaStartup scheme would be with the impact not only to RAN2 but also to RAN1 including the following aspects:
· During the extended delay budget, the UE PDCCH monitoring period also extended. In order to reduce the PDCCH monitoring, the power saving schemes such as PDCCH skipping and Go-to-sleep indication can be used to reduce UE power consumption. 
· The active time of the C-DRX or XR-PMW should be adaptively adjusted to satisfy the extending delay budget via the semi-static configured timer or dynamic signalling, if the C-DRX or XR-PMW is configured for the control of PDCCH monitoring for XR-specific traffic arrival.
· The XR-specific playoutDelayForMediaStartup scheme based delay aware scheduler can improve the system capacity performance of XR specific traffic.
· The gNB measurement of the average transmission delay and delay jitter is used to estimate the congestion information for explicit congestion notification (ECN) marking for rate adaptation of XR traffic in reducing the UE buffer requirement and to improve the XR capacity performance. The UE can be indicated of the measurement results of average delay and delay jitter and rate adaptation in adjusting the playout buffer level via the RRC signalling.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]In the evaluation, the size of XR-specific playoutDelayForMediaStartup and appLayerBufferLevel is fed back from the UE to the gNB. The gNB takes the max{the length of the XR-specific playoutDelayForMediaStartup and appLayerBufferLevel, the PDB} 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 delay and buffer level can schedule UE with packet within the extended delay budget to get better link adaptation gain.

[image: ]
[bookmark: _Ref101460673]Figure 2: The gNB scheduling awareness XR-specific playoutDelayForMediaStartup from UE
In this section, we evaluate the DL capacity performance of the XR-specific playoutDelayForMediaStartup scheme compared with the C-DRX with (16, 12, 4) for the VR/AR traffic based on MU-MIMO and SU-MIMO, which are provided in Table 4 and Table 5, respectively. The DL capacity performance based on SU-MIMO of the XR-specific playoutDelayForMediaStartup scheme compared with that of DG scheduling with UE always on is provided in Table 6. For the XR-specific playoutDelayForMediaStartup scheme, the 2 frames to 4 frames playout delay are both reported to the gNB scheduler for relaxing the packet delay requirements and the C-DRX with (16, 8, 4) is configured for this scheme. In order to reduce the UE power consumption, some power saving schemes, such as PDCCH skipping and Go-to-sleep, are also considered in the XR-specific playoutDelayForMediaStartup scheme. The details of power saving schemes, i.e. PDCCH skipping enhancement and go-to-sleep scheme, can be found in the [5]. The evaluation results of the XR-specific playoutDelayForMediaStartup scheme with the power saving schemes are provided in Table 7 compared with the baseline scheme that DG scheduling with UE always on. The simple descriptions of the power saving schemes are listed as follows.
· XR-specific playoutDelayForMediaStartup scheme with go-to-sleep: UE is configured with C-DRX (16, 8, 4). UE transforms to sleep state once the all PDSCH of frame is received successfully and all ACKs for PDSCH are reported. The 3 frames playout delay is used for relaxing the packet delay requirements in the scheduler.
· XR-specific playoutDelayForMediaStartup scheme with PDCCH skipping and go-to-sleep: UE is configured with C-DRX (16, 8, 4). UE performs PDCCH skipping when On Duration starts until UE starts receiving PDSCH. UE transforms to sleep state once the all PDSCH of frame is received successfully and all ACKs for PDSCH are reported. The 3 frames playout delay is obtained by the gNB scheduler for relaxing the packet delay requirements.
[bookmark: _Ref110618845][bookmark: _Ref110618769][bookmark: OLE_LINK30][bookmark: OLE_LINK33]Table 4: The evaluation results of the gNB scheduling awareness schemes 
with XR-specific playoutDelayForMediaStartup 
where the baseline is DG scheduling with C-DRX (16,12,4) for the MU-MIMO
	Evaluation Schemes
	Capacity

	
	#satisfied UEs per cell
	% of satisfied UEs
	Capacity performance gain

	DG scheduling with C-DRX(16,12,4) (Baseline)
	10.9
	90.97%
	-

	[bookmark: OLE_LINK10][bookmark: OLE_LINK17]XR-specific playoutDelayForMediaStartup scheme 
(2 frames playout delay)
	16
	95%
	46.8%

	[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK7]XR-specific playoutDelayForMediaStartup scheme 
(3 frames playout delay)
	20
	92%
	83.5%

	XR-specific playoutDelayForMediaStartup scheme 
(4 frames playout delay)
	20
	91%
	83.5%


[bookmark: _Ref115204316][bookmark: _Ref110857945][bookmark: _Ref110857939]
[bookmark: _Ref117858663][bookmark: _Ref115205149]Table 5. The evaluation results of the gNB scheduling awareness schemes 
with XR-specific playoutDelayForMediaStartup 
where the baseline is DG scheduling with C-DRX(16,12,4) for the SU-MIMO
	Evaluation Schemes
	Capacity

	
	#satisfied UEs per cell
	% of satisfied UEs
	Capacity performance gain

	DG scheduling with C-DRX(16,12,4) (Baseline)
	3.7
	92.5%
	0.0%

	XR-specific playoutDelayForMediaStartup scheme 
(3 frames playout delay)
	7.3
	91.3%
	97.3%

	XR-specific playoutDelayForMediaStartup scheme 
(4 frames playout delay)
	11.8
	98.3%
	219%



[bookmark: _Ref117858801]Table 6: The evaluation results of the gNB scheduling awareness schemes 
with XR-specific playoutDelayForMediaStartup 
where the baseline is DG scheduling with UE always on for the SU-MIMO
	Evaluation Schemes
	Capacity

	
	#satisfied UEs per cell
	% of satisfied UEs
	Capacity performance gain

	DG scheduling with UE always on (Baseline)
	5.8
	96.7%
	-

	XR-specific playoutDelayForMediaStartup scheme 
(3 frames playout delay)
	7.3
	91.3%
	25.86%

	XR-specific playoutDelayForMediaStartup scheme 
(4 frames playout delay)
	11.8
	98.3%
	103.45%

	XR-specific playoutDelayForMediaStartup scheme 
(mixed playout delay {3, 4})
	11.3
	94.4%
	94.83%



[bookmark: _Hlk111020308]From the evaluation results in Table 4 and Table 5, the XR-specific playoutDelayForMediaStartup scheme could improve the link adaptation gain by gNB scheduler for the XR-specific traffic transmission based on the additional information of playoutDelayForMediaStartup, which can result in the capacity performance enhancement. The XR-specific playoutDelayForMediaStartup using MU-MIMO can obtain the obvious capacity performance gain from 46.8% to 83.5% for the 2 frames to 4 frames playout delay compared with the C-DRX with (16, 12, 4). The XR-specific playoutDelayForMediaStartup using SU-MIMO can obtain the obvious capacity performance gain 97.3% and 219% for the 3 frames and 4 frames playout delay compared with the C-DRX with (16, 12, 4), respectively. 
From the evaluation results in Table 6 and Table 7, the XR-specific playoutDelayForMediaStartup using SU-MIMO can obtain the obvious capacity performance gain 25.86% and 103.45% for the 3 frames and 4 frames playout delay compared with the DG scheduling with UE always on, respectively. When the UE feeds back the different playoutDelayForMediaStartup, e.g. 3 frames or 4 frames, it can obtain 94.83% capacity gain compared with the DG scheduling with UE always on. The XR-specific playoutDelayForMediaStartup using MU-MIMO can obtain the obvious capacity performance gain 67% for the 3 frames playout delay compared with the DG scheduling with UE always on. Due to the XR-specific playoutDelayForMediaStartup reported from UE, the additional delay budget is added in the scheduling the XR packets, which can effectively increase the link adaptation gain and reduce the impact by delay jitter and transmission delay. For the MU-MIMO, when up to the 4 frames playout delay is reported, the maximum capacity gain is obtained. For the SU-MIMO, the longer playout delay is reported, the more capacity gain is obtained. Thus, the gNB scheduling with awareness of the UE feedback of QoE metrics, such as Rel-17 playoutDelayForMediaStartup, should be considered to improve the capacity performance of XR-specific traffic, such as the gNB scheduling awareness UE playout buffer. 
Thus, we have the following observation:
Observation 3: The XR-specific playoutDelayForMediaStartup scheme could obtain the obvious capacity performance gain from 46.8% to 83.7% for the 2 frames to 4 frames playout delay based on MU-MIMO, while 25.86% to 103.45% capacity gain for 3 frames to 4 frames playout delay based on SU-MIMO, compared with DG scheduling always on.

[bookmark: _Ref111136339]Table 7: The evaluation results of the gNB scheduling awareness schemes 
with XR-specific playoutDelayForMediaStartup
where the baseline is DG scheduling with UE always on (MU-MIMO)
	Evaluation Schemes
	Capacity
	Power saving

	
	#satisfied UEs per cell
	% of satisfied UEs
	Capacity performance gain
	PSG

	DG scheduling with UE always on (Baseline)
	11.5
	95.83%
	-
	-

	XR-specific playoutDelayForMediaStartup scheme with go-to-sleep
(3 frames playout delay)
	20
	94.17%
	67%
	26.43%*

	XR-specific playoutDelayForMediaStartup scheme with PDCCH skipping and go-to-sleep
(3 frames playout delay)
	20
	93.3%
	67%
	28.51%*

	*Note: The power saving gain is based on the same capacity as that of the baseline scheme (DG scheduling with UE always on).



We also observe from the evaluation results in Table 7 that the XR-specific playoutDelayForMediaStartup scheme with 3 frames playout delay report could obtain 67% capacity performance gain than the baseline scheme that DG scheduling with UE always on, while the 26.43%~ 28.51% power saving gain is obtained for the power saving schemes applied. When the power saving schemes such as go-to-sleep and PDCCH skipping are applied, the additional delay might be introduced. Since the XR-specific playoutDelayForMediaStartup can allow UE to easily receive packet with more relaxed packet delay requirements, which can provide additional packet delay budget, the UE has more time to sleep if the rest of delay budget is enough. Thus, the capacity would not be impacted by the power saving schemes and obtain the obvious power saving gain than the DG scheduling scheme with UE always on.
Thus, we have the following observation:
Observation 4: The XR-specific playoutDelayForMediaStartup scheme under the 3 frames playout delay can obtain 67% capacity performance gain and the 26.43%~ 28.51% power saving gain compared with UE always on.
Based on the description and the evaluation results, we have the following proposal.
Proposal 9: The XR-specific playoutDelayForMediaStartup scheme can obtain 67% and 103% capacity gain compared to the DG scheduling with UE always on for MU-MIMO and SU-MIMO scheduling, respectively. The XR-specific playoutDelayForMediaStartup scheme should be captured in TR and taken into account as the potential dynamic scheduling enhancement technology for its significant performance gain during the XR SI. 
Proposal 10: The L1 procedure of PDCCH monitoring control in the period of the extended delay budget for XR scheduling should be specified along with the PDCCH monitoring reduction techniques and the UE report of the XR-specific playoutDelayForMediaStartup. 

The SPS&CG enhancement
The CG+DG in a CG period
[bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK42][bookmark: OLE_LINK43]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.
For the CG enhancement in our contribution, 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, which is named “CG+DG”. In the CG+DG scheme, the detailed procedure is provided as following:
· In the CG configuration, the CG PUSCH resource can be allocated based on average packet size or minimum packet size of XR service. The PDCCH monitoring window for the dynamic grant is pre-configured and associated with the CG occasion in each cycle. In order for the same XR packet reception, the packets transmitted in CG and DG could be paired in the XR-specific CG configuration.
· The enhanced BSR that the BSR report will be triggered at the configured CG PUSCH at each cycle to indicate to the gNB the remaining packet size. , to achieve the UL XR transmission within the delay budget. tThe 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. 
· [bookmark: OLE_LINK8][bookmark: OLE_LINK9]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. If the BSR is reported by UE with the status “empty”, UE would not monitor the PDCCH in the subsequent slots of the PDCCH monitoring window for XR packet transmission.
· Furthermore, if the XR packets are completely transmitted during the monitoring window, the UE can be indicated to go to sleep. If the XR packets arrive during the monitoring window, the UE can be indicated to skip the PDCCH monitoring until the packets arrive.

[image: ]
Figure 3: CG with additional resource allocation

We evaluate the capacity performance gain of the CG +DG scheme that the PDCCH monitoring window for dynamic grant combined with the CG occasion in each CG cycle to provide additional resource requirement in a CG periodicity in Table 8. The capacity performance of the UL DG scheduling with UE always on is considered as the baseline. The SR delay is considered in the UL DG scheme based on 5ms periodicity of SR resource. For the single CG configuration with the 16ms periodicity is also evaluated and the detailed evaluation assumptions are provided in Annex 2.
[bookmark: _Ref111205097]Table 8: The evaluation results of the CG+DG compared with 
DG scheduling with 5ms SR/BSR delay and UE always on 
	 Evaluation Schemes
	Capacity

	
	#satisfied UEs per cell
	% of satisfied UEs
	Capacity performance gain

	DG scheduling with 5ms SR/BSR delay and UE always on (baseline)
	5.4 
	90.0%
	-

	Single CG configuration
	0
	0.0%
	-

	CG + DG
	7.3
	90.7%
	35.2 %



The evaluation results listed in Table 8 show that the capacity of the scheme that DG scheduling with UE always on is 5.4 UEs per cell, which is as the baseline of UL capacity for XR traffic. When the single CG configuration is activated, it hardly provides UE the XR-specific service, since the pre-configured resource allocation does not adapt the varied XR-specific packet size. Since the UL XR packet arrival from the XR application to MAC/physical layer without the network delay jitter, the XR packet can arrives at the CG occasion periodically. The capacity degradation of CG transmission for XR is mainly due to the fixed reserved resource not adaptable for the XR packet size. In order to avoid the resource conflict for the UEs, the reserved resource would not be as large as possible, which is smaller than the XR packets. When the XR packet transmission is not completely, it would be transmitted at the next CG occasion, which results in the additional delay for the UL packets transmission. The capacity performance of the CG+DG scheme is with the 35.2% capacity performance gain compared with the baseline that the DG scheduling with 5ms SR/BSR delay and UE always on. The capacity gain of CG+DG scheme is mainly obtained from the dynamic resource allocation in each CG cycle and reducing the unnecessary transmission waiting time. 
Thus, we have the following observation:
Observation 5: The capacity performance of the CG+DG that the PDCCH monitoring window for dynamic grant combined with the CG PUSCH occasion in a CG period can obtain 35.2% capacity performance gain compared with UL legacy dynamic grant with 5ms SR/BSR delay.
Based on the description and the evaluation results, we have the following proposal.
Proposal 11: The CG+DG scheme can obtain 35.2% capacity performance gain for dynamic resource allocation in a CG period compared with UL legacy dynamic grant. The CG+DG scheme should be captured in TR and considered as the potential enhanced scheme for obviously improving the capacity performance of XR traffic.

As the agreements in RAN1#110bis-e meeting, the enhanced CG candidate techniques as following were agreed.
	Agreement
To study whether/how the enhanced CG candidate techniques are necessary and beneficial for improving XR capacity, focus at least on the following techniques:
· Dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE
· Increase CG PUSCH transmission occasions in a duration 



According to the technique in the above bullets, it was proposed that the capacity gain of the enhanced CG was obtained from adjusting the CG occasions in a CG period to adapt the XR specific packet size. However, there are several problems not to be neglected as following:
· The gNB could not predict the XR packet size, which has the statistic characteristic. When the gNB reserves more UL resource allocation deterministically to make sure the UL packet transmission, the fraction of the resource would waste among the UEs. This would not improve the system capacity performance of XR service.
· Even if the dynamic indication of the unused CG PUSCH occasion would be used for releasing the unused resource. There would still be non-neglected problems as follows:
· The signaling overhead in additional UL resource would reduce the resource allocation for data transmission, which is not benefit for improving the capacity performance.
· [bookmark: OLE_LINK44][bookmark: OLE_LINK45]The application delay of the dynamic indication of unused CG PUSCH would impact the capacity performance according to the evaluation results in [8]. 
· The channel state information is not predicted for subsequent XR packets transmission, the exact resource allocation would not be adaptively indicated by the dynamic indication.
· However, the CG+DG in our contribution could solve the above problems based on the enhanced BSR technique. 
· For the CG+DG scheme, when the CG resource is not enough to transmit the UL packets, the enhanced BSR would inform gNB to dynamically allocate the additional resource for UL transmission. Otherwise, UE would not require additional resource for UL transmission and not to monitor the PDCCH for dynamic grant scheduling. 
· As the evaluation results, the capacity gain of CG+DG is 35.2% compared with the legacy UL dynamic scheduling with 5ms SR/BSR delay, while the capacity gain of eCG with 2.5ms delay in [8] is up to 19.6% compared with DG grant. 

Proposal 12: Since the CG+DG could obtain the capacity performance better than the enhanced CG scheme that CG configuration with recycling the unused resource, the CG+DG should be considered as the potential technique for improving the capacity performance of XR traffic.
The dynamic PDSCH resource allocation along with SPS (SPS+DG)
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-15/1DRX 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 4. 
Thus, the SPS PDSCH and DRX could be configured together for UE with XR service and other application with robust traffic arrival.
[image: ]
[bookmark: _Ref118390277]Figure 4: 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 introduce the PDCCH monitoring window 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 SPSresource, as shown in Figure 4. 
For the SPS enhancement, there are two alternatives for introducing the additional dynamic grant for resource allocation in addition to the reserved SPS resource for PDSCH for the XR packet transmission as follows, 
· Alt 1: The additional resource allocation is indicated by L1 signalling and/or MAC layer information for dynamically allocating the resource of remaining XR-specific traffic if any.
· Alt 2: The pre-configured monitoring window of dynamic scheduling is bundled with the SPS PDSCH occasion for improving the resource of remaining XR-specific traffic.
For Alt 1, the need of the additional resource allocation can be indicated by L1 signalling and/or MAC layer information. The additional XR resource indicated by L1 signalling in the Alt 1 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 terminating the PDCCH monitoring can be carried in the MAC layer information at the last PDSCH at each SPS PDSCH occasion. 
For the Alt 2, the pre-configured monitoring window of PDCCH monitoring is bundled with the SPS PDSCH occasion for the XR packet reception at every XR packet cycle. If the XR packet arrives at the SPS occasion, UE can receive the XR packet similar to that of Alt 1. gNB could indicate UE to terminate the PDCCH monitoring in the monitoring window after the XR packet transmission completed. If the XR packet does not arrive at the time of the reserved SPS resource for PDSCH, UE can continuously monitor the PDCCH with dynamic grant in the pre-configured monitoring window until the XR packet arrives. Alt 2 allows the gNB to reserve small size of radio resource for SPS and the subsequent dynamic grant for the remaining XR packet. This would minimize the overhead of SPS reserve resource when the XR packet arrives after the reserved resource.
The two alternatives of SPS enhancement can both support the variation of XR packets and network delay jitter based on the SPS configuration. When multiple SPS configurations are configured with the multiple occasions for the jitter, the Alt1 of SPS enhancement can further indicate the additional resource by the dynamic grant to adapt the packet size variation. When the reserved SPS resource is limited, the Alt2 of SPS enhancement could be chosen for the dynamically scheduling the XR packets with the varied arrival time and packet size.
Additionally, the PDCCH skipping indication or go-to-sleep indication could also be used for the power saving purpose, whose details can be found in [5]. These SPS enhancements 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, we have the following observation:
Observation 6: The two alternatives of SPS enhancement as following can both improve the capacity of XR traffic based on the SPS configuration:
· Alt 1: The additional resource allocation is indicated by L1 signalling and/or MAC layer information for improving the capacity of XR-specific traffic.
· Alt 2: The pre-configured monitoring window is bundled with the SPS PDSCH occasion for improving the capacity of XR-specific traffic.

However, from the flexibility perspective, the Alt 2 of SPS enhancement that the pre-configured PDCCH monitoring window bundled with the SPS reserved resource occasion has the advantage of minimizing the overhead and flexible in improving the resources for the variable XR-packet sizes and interarrival time caused by network delay jitter.

[image: ]
Figure 5: SPS with additional resource allocation

We evaluate the capacity performance and the power saving gain of the SPS enhancement that the PDCCH monitoring window introduced after the SPS occasion. Two baseline schemes including DG scheduling with C-DRX and with UE always on are both considered in the Table 9 and Table 10, respectively. Furthermore, the PDCCH skipping and Go-to-sleep are both considered in the SPS enhancement for the power saving purpose. For the scheme that the single SPS configuration, the 16ms periodicity is considered and the detailed evaluation assumptions are provided in Annex 2.
[bookmark: _Ref118391182]Table 9: The evaluation results of the SPS enhancement
where the baseline is DG scheduling with C-DRX(16,12,4)
	Evaluation Schemes
	Capacity
	Power saving

	
	#satisfied UEs per cell
	% of satisfied UEs
	Capacity performance gain
	PSG

	DG scheduling with C-DRX(16,12,4) (Baseline)
	10.9
	90.97%
	-
	-

	Multiple SPS configurations
	0 
	0%
	-
	-

	SPS enhancement
	10.8 
	90%
	-0.9%
	9.9%

	SPS enhancement with Go-To-Sleep
	10.6 
	88.3%
	-2.7%
	38.1%



We can see from the evaluation results, when the multiple SPS configurations are activated and with the distributed offsets, that it hardly provides UE the XR-specific service, since the fixed PDSCH reception occasions and pre-configured resource allocation does not adapt the varied XR-specific packets arrival time and packet size. The additional transmission delay is introduced for limited reserving SPS resource, when the XR packets are not completely transmitted at a SPS occasion and it needs more SPS PDSCH to be transmitted. Besides, the capacity loss is also the result of the misalignment delay between the XR packet arrival time and the next SPS occasion(s), when the XR packet does not arrive at the occasion of reserved SPS resource. From Table 9, the SPS enhancement that introducing dynamic PDSCH allocation introduced in a SPS PDSCH periodicity can obtain the capacity performance of 10.8 UEs per cell and 9.9%~38.1% power saving gain compared to that of DG scheduling with C-DRX(16,12,4). The SPS enhancement with dynamic scheduling of remaining XR packets in a XR packet cycle can resolve the problems of the SPS configuration especially for the fixed resource size per SPS periodicity. When the XR packet is transmitted at the SPS occasion and there are still remaining packets in the gNB buffer, gNB can indicate UE to monitor the dynamic scheduling DCI during the pre-configured monitoring window. The remaining packets can be transmitted in the SPS periodicity and don’t need to wait for the next SPS occasion(s). And the monitoring window can be pre-configured based on the jitter of packet arrival time. 
Thus, we have the following observation:
Observation 7: The SPS enhancement scheme can obtain the capacity performance of 10.8 UEs per cell and 9.9%~38.1% power saving gain compared to that of DG scheduling with C-DRX(16,12,4), additionally the multiple SPS configurations hardly provide UE the XR-specific service.

[bookmark: _Ref118391191]Table 10: The evaluation results of the SPS enhancement
where the baseline is DG scheduling with UE always on
	Evaluation Schemes
	Capacity
	Power saving

	
	#satisfied UEs per cell 
	% of satisfied UEs
	Capacity performance gain
	PSG

	DG scheduling with UE always on
	11.5
	95.83%
	-
	-

	SPS enhancement
	10.8 
	90%
	-6.1%
	12.6%

	SPS enhancement with Go-To-Sleep
	10.6 
	88.3%
	-7.8%
	39.9%



As the evaluation results listed in Table 10, the capacity of the baseline scheme that DG scheduling with UE always on is 11.5 UEs per cell, which is the upper bound of capacity of the XR traffic. The capacity performance of the SPS enhancement in our contribution is 10.6~10.8 UEs per cell, which is near to that of the baseline, whose capacity performance gap is 6.1%~7.8%. Based on the power saving schemes applied in the monitoring window, the SPS enhancement schemes can obtain the obvious power saving gain, i.e. 12.6%~39.9%, than that of baseline scheme. If the XR packets are completely transmitted during the monitoring window, the UE can be indicated to go to sleep. If the XR packets arrive during the monitoring window, the UE can be indicated to skip the PDCCH monitoring until the packets arrive.
Thus, we have the following observation:
Observation 8: The capacity performance of the SPS enhancement in our contribution is near to that of DG scheduling with UE always on and with the 6.1%~7.8% capacity performance gap, while it can obtain the obvious power saving gain, i.e. 12.6%~39.9%, than that of baseline scheme.

Based on the description and the evaluation results, we give the following proposal.
Proposal 13: The Alt 2 of SPS enhancement that the pre-configured PDCCH monitoring window bundled with the reserved SPS resource for PDSCH would be provide the resource to meet the QoS requirement of XR-specific traffic.

Conclusion
In this contribution, we discuss the capacity enhancement schemes and have the following observations and proposals.
Observation 1: The XR-PMW based on MU-MIMO with coordinated monitoring window among co-scheduled UEs could obtain the 84.5%~86.2% capacity gain than that of the UE always on for DG scheduling based on SU-MIMO and obtain 20.9%~26.68% PSG compared to that of the UE always on for DG scheduling.
Observation 2: The XR-PMW based on MU-MIMO with coordinate monitoring window of co-scheduled UEs with go-to-sleep and XR-PMW based on MU-MIMO with PDCCH skipping and go-to-sleep can obtain 189%~192% capacity gain and 17.64% and 23.66% PSG than the C-DRX with (16, 12, 4) using SU-MIMO, respectively.
Observation 3: The XR-specific playoutDelayForMediaStartup scheme could obtain the obvious capacity performance gain from 46.8% to 83.7% for the 2 frames to 4 frames playout delay based on MU-MIMO, while 25.86% to 103.45% capacity gain for 3 frames to 4 frames playout delay based on SU-MIMO, compared with DG scheduling always on.
Observation 4: The XR-specific playoutDelayForMediaStartup scheme under the 3 frames playout delay can obtain 67% capacity performance gain and the 26.43%~ 28.51% power saving gain compared with UE always on.
Observation 5: The capacity performance of the CG+DG that the PDCCH monitoring window for dynamic grant combined with the CG PUSCH occasion in a CG period can obtain 35.2% capacity performance gain compared with UL legacy dynamic grant with 5ms SR/BSR delay.
Observation 6: The two alternatives of SPS enhancement as following can both improve the capacity of XR traffic based on the SPS configuration:
· Alt 1: The additional resource allocation is indicated by L1 signalling and/or MAC layer information for improving the capacity of XR-specific traffic.
· Alt 2: The pre-configured monitoring window is bundled with the SPS PDSCH occasion for improving the capacity of XR-specific traffic.
Observation 7: The SPS enhancement scheme can obtain the capacity performance of 10.8 UEs per cell and 9.9%~38.1% power saving gain compared to that of DG scheduling with C-DRX(16,12,4), additionally the multiple SPS configurations hardly provide UE the XR-specific service.
Observation 8: The capacity performance of the SPS enhancement in our contribution is near to that of DG scheduling with UE always on and with the 6.1%~7.8% capacity performance gap, while it can obtain the obvious power saving gain, i.e. 12.6%~39.9%, than that of baseline scheme.

Proposal 1：The dynamic scheduling enhancement for XR traffic should not impact the PDCCH monitoring and resource allocation of other traffic, such as robust traffic arrival of eMBB used by the UE in the same time in achieving UE power saving.
Proposal 2: The DL XR-dedicated PDCCH Monitoring Window (XR-PMW) can obtain 84.5%~192% capacity gain and 17.64%~26.68% power saving gain, whose capacity gain is obtained via applying the following potential technologies:
· The XR-PMW is a pre-scheduling scheme with semi-static configuration of PDCCH monitoring at both DRX ON and OFF by XR-specific search space. 
· The XR-PMW scheme can ensure that XR specific traffic transmission is not impact that of the other traffic.
· The XR-PMW scheme can improve the capacity performance for reducing the delay caused by the misalignment between the C-DRX and XR packet generation.
· The XR-PMW scheme can improve the capacity performance for dynamically adapting the jitter based on the enough length of monitoring window and the certain power saving schemes to reduce the unnecessary PDCCH monitoring.
Proposal 3: The DL XR-PMW should be captured in TR and should be considered as the potential dynamic scheduling enhancement scheme for its obvious capacity gain and power saving gain.
Proposal 4: The measurement of the average transmission delay and jitter should be standardized to optimize the configure PDCCH monitoring window size of XR-PMW scheme and to improve system capacity and the power saving performance.
Proposal 5: The UL XR-PMW scheme can obtain 33.3% capacity gain compared with legacy UL dynamic scheduling, whose capacity gain is obtained by applied following potential technologies:
· The XR-specific search space and/or XR specific RNTI, e.g., XR-RNTI, is configured for the XR-specific dynamic grant disassociated with C-DRX to reduce the necessary transmission waiting delay caused by C-DRX for improving the capacity of XR-specific traffic.
· The pre-scheduling based dynamic grant based on the XR awareness information can reduce the XR transmission delay caused by the legacy SR for improving the capacity of XR-specific traffic.
· The enhanced BSR that UE sends the BSR report at the 1st PUSCH of each XR packet periodicity can minimize the scheduling delay for improving the capacity of XR-specific traffic.
Proposal 6: The UL XR-PMW scheme and its capacity performance should be captured in TR and be considered as the potential dynamic scheduling enhancement technology for improving the capacity performance of XR specific traffic.
Proposal 7: The XR-specific playoutDelayForMediaStartup scheme can significantly improve the capacity performance of XR-specific traffic, based on the extended delay budge and realign the XR packet in-order delivery on scheduled PDSCH transmission for out-of-order packet arrival from the reported playout delay size and buffer level.
Proposal 8: The XR-specific playoutDelayForMediaStartup scheme would be with the impact not only to RAN2 but also to RAN1 including the following aspects:
· During the extended delay budget, the UE PDCCH monitoring period also extended. In order to reduce the PDCCH monitoring, the power saving schemes such as PDCCH skipping and Go-to-sleep indication can be used to reduce UE power consumption. 
· The active time of the C-DRX or XR-PMW should be adaptively adjusted to satisfy the extending delay budget via the semi-static configured timer or dynamic signalling, if the C-DRX or XR-PMW is configured for the control of PDCCH monitoring for XR-specific traffic arrival.
· The XR-specific playoutDelayForMediaStartup scheme based delay aware scheduler can improve the system capacity performance of XR specific traffic.
· The gNB measurement of the average transmission delay and delay jitter is used to estimate the congestion information for explicit congestion notification (ECN) marking for rate adaptation of XR traffic in reducing the UE buffer requirement and to improve the XR capacity performance. The UE can be indicated of the measurement results of average delay and delay jitter and rate adaptation in adjusting the playout buffer level via the RRC signalling.
Proposal 9: The XR-specific playoutDelayForMediaStartup scheme can obtain 67% and 103% capacity gain compared to the DG scheduling with UE always on for MU-MIMO and SU-MIMO scheduling, respectively. The XR-specific playoutDelayForMediaStartup scheme should be captured in TR and taken into account as the potential dynamic scheduling enhancement technology for its significant performance gain during the XR SI. 
Proposal 10: The L1 procedure of PDCCH monitoring control in the period of the extended delay budget for XR scheduling should be specified along with the PDCCH monitoring reduction techniques and the UE report of the XR-specific playoutDelayForMediaStartup. 
Proposal 11: The CG+DG scheme can obtain 35.2% capacity performance gain for dynamic resource allocation in a CG period compared with UL legacy dynamic grant. The CG+DG scheme should be captured in TR and considered as the potential enhanced scheme for obviously improving the capacity performance of XR traffic.
Proposal 12: Since the CG+DG could obtain the capacity performance better than the enhanced CG scheme that CG configuration with recycling the unused resource, the CG+DG should be considered as the potential technique for improving the capacity performance of XR traffic.
Proposal 13: The Alt 2 of SPS enhancement that the pre-configured PDCCH monitoring window bundled with the reserved SPS resource for PDSCH would be provide the resource to meet the QoS requirement of XR-specific traffic.
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Annex 
Annex 1. Traffic model
Traffic are generated from XR sever/device periodically and are transported to RAN with propagation delay and jitter. Each packet size is generated based on the Truncated Gaussian distribution. The jitter is considered as a variable followed Truncated Gaussian distribution. The detailed traffic parameters for XR evaluations are shown in Table 11. Note that these parameter values are those before the truncation. In SLS, the packet is obtained by capturing the sample from Gaussian distribution within a truncated range.
[bookmark: _Ref111054347][bookmark: _Ref111054294]Table 11: Traffic parameters for XR evaluation
	Gaussian Parameters
	DL AR
	UL AR

	Bit Rate
	---
	30Mbps
	10Mbps

	FPS
	---
	60fps
	60fps

	Packet size
	Mean packet size
	62500bytes
	20800bytes

	
	Std. packet size value
	6563bytes
	2184bytes

	
	Min packet size
	31250bytes
	10400bytes

	
	Max packet size
	93750bytes
	31200bytes

	Inter-arrival time
	Packet generated period
	16.7ms
	16.7ms

	
	Mean jitter value
	4
	--

	
	STD. jitter value
	2
	

	
	Max jitter value
	8
	

	
	Min jitter value
	0
	



Annex 2. Simulation assumptions
The simulation assumptions of Indoor Hotspot are shown in Table 12.
[bookmark: _Ref111054375]Table 12: Simulation parameters of Indoor Hotspot
	Scenario
	Indoor Hotspot

	Layout
	120m x 50m
ISD: 20m 
TRP numbers: 12

	Carrier frequency
	FR1:4GHz

	Bandwidth
	FR1:100MHz

	Subcarrier spacing
	FR1: 30 kHz

	BS height
	3m

	UE height
	hUT=1.5 m

	BS noise figure
	FR1: 5 dB

	UE noise figure
	FR1: 9 dB

	Receiver
	MMSE-IRC

	UE speed
	3 km/h

	Channel estimation
	Realistic

	MCS
	Up to 64QAM

	BS antenna pattern
	Ceiling-mount antenna radiation pattern, 5 dBi

	UE antenna pattern
	FR1: Omni-directional, 0 dBi,

	TX power 
	gNB: FR1: 24dBm/20MHz

	gNB antenna configuration 
	gNB:
· FR1:32TxRU, (M,N,P,Mg,Ng; Mp,Np)=(4,4,2,1,1;4,4), (dH, dV) = (0.5, 0.5)λ

	UE antenna configuration
	UE: 2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ

	TDD configuration
	DDDSU for DL 
DDDUU for UL

	MIMO transmission
	MU-MIMO for DL 
SU-MIMO for UL

	Scheduling 
	PF, Dynamic scheduled

	SPS Configuration
	Periodicity= 16ms
Mcs-Table ={qam64LowSE}
Pdsch-Aggregation Factor =1
SLIV=223
BWP size=273PRBs
Number of SPS configurations = 4
Note: 4 SPS configurations are considered with the different offset.

	CG Configuration
	Periodicity= 16ms
1 CG configuration is considered.
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