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1 [bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Introduction
In [1], the third objective is to study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…), which focus on the following mechanisms:
· SPS and CG enhancements;
· Dynamic scheduling/grant enhancements.
This paper introduces our views on XR-specific capacity improvements.
[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]2	Discussion
2.1	Traffic profile
In Rel-17 Study Item “Study on XR Evaluations for NR”, many of the XR and CG use cases are studied and characterised by quasi-periodic traffic (with possible jitter) with high data rate in DL (i.e., video stream) 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), the results are captured in TR 38.838 [2] and summarized in Table 1.
Table 1: XR Traffic model [2]
	Traffic Direction
	DL
	UL

	Application
	Cloud Gaming
	AR/VR
	AR
	Pose/Control

	Data rate (R) (Mbps)
	8
	30
	30
	45
	10
	0.2

	Packet size distribution
	Truncated Gaussian
	Fixed

	Packet size (Min, Ave, Max) (Bytes)
	(8334, 16667, 25001)
	(31250, 62500, 93750)
	(46875, 93750, 140625)
	(10417, 20834, 31251)
	100

	FPS (1/Periodicty)
	60
	250

	Jitter value distribution
	Truncated Gaussian
	Fixed

	Jitter value (Min, Ave, Max) (ms)
	(-4, 0, 4)
	0

	Packet delay budget (PDB) (ms)
	15
	10
	30
	10

	Min. required data rate (Mbps)
	8.89
	33.33
	50
	75
	5.56
	0.08

	Reliability requirement (%)
	99


Observation 1: Both XR DL and UL traffic have high data rate and strict latency requirement
2.2	Scheduling mechanisms
There are two types of scheduling for downlink. One is called 'Dynamic Scheduling' and the other one is SPS (Semi Persistent Scheduling). Dynamic scheduling is the mechanism in which each and every PDSCH is scheduled by DCI. SPS is the mechanism in which the PDSCH transmission is scheduled by RRC message, not always by PDCCH, which can save some control overhead and is more suitable for periodic traffic. However, compared to the XR packet size and jitter problem, the gain to save control overhead when using SPS is negligible.
For NR Dynamic DL Scheduling as shown in Figure 1. For example, PDCCH is transmittd on slot 1 and indicate that PDSCH will be transmitted on slot 3, and then the HARQ feedback is sent on slot 8. This mechanism provides gNB lots of flexibility (k0, k1) to schedule DL packet transmission and the feedback, gNB can adjust k0 and k1 based on PDB of XR packets, therefore, no further enhancement for Dynamic DL Scheduling is needed. Typically, PDCCH and PDSCH is in the same slot, that means k0 is 0, no additional delay in scheduling DL dynamically, SPS doesn't offer any latency benefit. K1 is the same for both SPS and dynamic scheduling, so there are no latency benefits offered by SPS as well.
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Figure 1: Dynamic DL Scheduling
Observation 2: Existing NR DL scheduling mechanism are sufficient to support DL XR services.
There are also two types of scheduling for uplink. One is called 'Dynamic Scheduling' and the other one is CG (Configured Grant). Dynamic scheduling is the mechanism in which each and every PUSCH is scheduled by DCI. CG is the mechanism in which the PUSCH transmission is scheduled by RRC message.
For NR Dynamic UL Scheduling as shown in Figure 2. If there is no UL resource for data transmission, UE needs to send SR first to request for UL resource. Usually, the first UL grant after UE’s SR has a small PUSCH size as the gNB doesn’t know how much data is in the UE’s buffer. The gNB can only know the UE’s buffer status after the UE sends BSR to the gNB. In addition, there are additional scheduling delays (k2) between the UE receiving the UL grant from the gNB and the UL transmission. From above analysis, we see three points that can be further optimized for UL AR services:
· SR delay due to long SR periodicity
· Additional grant delay due to unknown UE’s buffer status from gNB side, gNB needs to first schedule a small PUSCH size to know how much buffer data UE has.
· Scheduling delay after UE receives UL grant from gNB
Observation 3: NR dynamic UL scheduling has room for latency improvement.
Proposal 1: RAN2 to study enhanced SR design for dynamic UL scheduling latency reduction.


Figure 2: Dynamic UL Scheduling
UL configured grant (CG) can partially solve some problems seen with dynamic UL scheduling mechanism, for example: long SR delay problem and scheduling delay. However, there is still some room for improvement to meet UL AR service requirements. For example: current CG period is not perfectly match with UL AR services. We use FPS = 60 (period = 16.67ms) under FDD and TDD (pattern: DDDSU) scenarios as example:
Table 2: Additional delay due to CG period mismatch with UL AR period
	CG period (ms)
	xDD
	SCS (kHz)
	Additional average delay due to period mismatch (ms)

	16
	FDD
	30
	7.9999

	16
	TDD
	30
	8.5522

	16
	TDD
	120
	8.2551

	16.67
	FDD
	30
	0

	16.67
	TDD
	30
	0

	16.67
	TDD
	120
	0


From Table 2 above, we can observe that periodicity mismatch problem leads to additional delay for UL data transmission.
Proposal 2: RAN2 to study the alignment of UL CG with typical XR frame rates
For fixed packet size and no jitter traffic such as pose/control traffic, CG can perfectly handle them. However, for UL AR traffic, packet size variations and jitter pose big challenges to the use of CG mechanism. We require enhancements to the CG mechanism to address these challenges.
For jitter, the solution can be the hybrid use of dynamic scheduling and CG mechanism. The solution is to use dynamic grant scheduling for early traffic arrival and configured grant scheduling for late traffic arrival. Dynamic grant scheduling suffers from extra latency due to the extra signaling overhead and the longer SR procedure. However, this can be tolerated by packets that arrive early. Configured grant resources could be allocated for packets that arrive late. When coupled together, the CG resources could be released if a DG is received, allowing these CG resources to be re-used by the gNB to schedule other UEs. An example of how this hybrid DG/CG mechanism would work is outlined below:
If jitter < α 
     Send SR 
     If DG received, then use it and release CG resources
Else
   Use CG 
End
Where α could be for example equal to zero. Hence, packets arriving with negative jitter will use DG scheduling and packets arriving with positive jitter will rely on CG scheduling.
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Figure 3: Hybrid dynamic scheduling and CG mechanism for UL AR
Proposal 3: RAN2 to study the use of a hybrid DG/CG scheme to address UL AR traffic jitter.
For UL AR variable packet size problem, the solution can be that gNB first introduce a set of CG resources corresponding to traffic arrival. In the first CG resource, include an indication of number of CG resources that will be used. Then, gNB can re-schedule the remaining unused CG resources for other UEs.
[image: ]
Figure 4: Enhanced CG mechanism for UL AR variable packet size problem
Proposal 4: RAN2 to study ways to dynamically adapt the size of CG resources to address varying UL AR packet sizes.
2.3	Measurements Gaps (MG)
In 5G NR system, measurement gaps are configured to allow UE to do inter-frequency neighbour cell measurement and the corresponding RF tuning for RRM purposes (e.g. mobility, load balancing, CA set-up). MG is a feature specific to mobile network, which is different from WiFi. In measurement gap, NW cannot schedule UE to transmit/receive data. Possible measurement gap length (MGL) and Measurement gap repetition period (MGRP) values in 5G NR are listed in Figure 5 below. 
	Gap Patterns: 
· MGL: more values to accommodate
· Different SMTC durations (1,2,3,4,5 ms)
· Different RF switch time for FR1 (0.5ms) and FR2 (0.25ms)

Note: GP stands for Gap pattern
	[image: ]


Figure 5. Possible measurement gap length (MGL) and Measurement gap repetition period (MGRP) values in 5G NR
Taking gap pattern (GP) 0 in Figure 6 below as an example (MGL=6ms, MGRP=40ms), it means that scheduling is excluded for 6ms duration every 40 ms.

[image: ]
Figure 6: An example for measurement gap configuration

This scheduling restriction is critical for efficiently serving XR traffic on NR. We run a system level simulation (SLS) to evaluate the impact of measurement gap as shown in Figure 7 below.
[bookmark: _Hlk101345735]
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[bookmark: _Ref101358358][bookmark: OLE_LINK97]Figure 7: Capacity – max user number with (90% User @ “99% frame Tx done < 10ms”)

As it can be seen from Figure 7, 
· the XR DL Capacity falls from 10 (no MG) to less than 2 (MGRP=80,MGL=6) and less than 1 (MGRP=40,MGL=6), if all UEs are configured with MG
· [bookmark: _Hlk110528449]the XR DL Capacity falls from 10 (no MG) to 6 (MGRP=80,MGL=6) and less than 2 (MGRP=40,MGL=6), if only the 20% cell-edge UEs are configured with MG
· The capacity loss is much more than 20%

Observation 4: In 5G NR system, measurement gaps (MG) are configured to allow UE to do inter-frequency neighbour cell measurement and the corresponding RF tuning for RRM purposes (e.g. mobility, load balancing, CA set-up). MG is a feature specific to mobile network, which is different from WiFi. In measurement gap, NW cannot schedule UE to transmit/receive data.
· System level simulation in Figure 7 shows that 
· XR DL Capacity falls from 10 (no MG) to less than 2 (MGRP=80, MGL=6) and less than 1 (MGRP=40, MGL=6), if all UEs are configured with MG
· XR DL Capacity falls from 10 (no MG) to 6 (MGRP=80, MGL=6) and less than 2 (MGRP=40, MGL=6), if only the 20% cell-edge UEs are configured with MG
· The capacity loss is much more than 20%

Therefore, it should be exploited to enhance measurement gap for XR with orchestrated gNB/UE coordination, say more dynamic MG activation/deactivation or period change, as current spec only allows RRC reconfiguration to change the MG settings or enable/disable MG.

[bookmark: OLE_LINK104]Observation 5: It should be exploited to enhance measurement gap for XR with orchestrated gNB/UE coordination, say more dynamic MG activation/deactivation or MG setting (including duration and period) change
· current spec only allows RRC reconfiguration to change the MG settings or enable/disable MG.

Proposal 5: Support a more dynamic DCI/MAC-CE based MG activation/deactivation or MG setting (including duration and period) change for XR capacity enhancement. 

At the same time, from NW side, the Rel-16/Rel-17 defined RRM relaxation criteria, and the link condition can be used to determine how to do the MG activation/deactivation.

[bookmark: OLE_LINK94][bookmark: OLE_LINK96]Observation 6: From NW side, the Rel-16/Rel-17 defined RRM relaxation criteria
· lowMobilityEvaluation or not-at-cell-edge criteria defined in 5G NR Rel-16
· stationary or not-at-cell-edge criteria defined in 5G NR Rel-17
and the link condition can be used to determine how to do the MG activation/deactivation.

[bookmark: OLE_LINK98][bookmark: OLE_LINK99]To demonstrate the achievable capacity gain of Proposal 1, we performed further SLS simulation by assuming NW can dynamically change the MG period using some link condition criteria, and we have the following results in Figure 4:

[image: ]
Figure 8: Capacity – max user number with (90% User @ “99% frame Tx done < 10ms”) with MG enhancement (Case 1 & Case 2)

[bookmark: OLE_LINK101]where case1 and case2 are described below and mobility simulation is based on 30km/h UE speed and FR1 with 200m ISD:
· [bookmark: OLE_LINK102]Case 1: The MG period is adapted to be 2 times when PCell RSRP is 2dB better than the best neighbor cell and 4 times when PCell RSRP is 4dB better than the best neighbour cell
· [bookmark: OLE_LINK93]Performance impact (handover fail rate): 2.08%  2.81%
· [bookmark: OLE_LINK103]Case 2: The MG period is adapted to be 4 times when PCell RSRP is 2dB better than the best neighbor cell and 8 times when PCell RSRP is 4dB better than the best neighbour cell
· Performance impact (handover fail rate): 2.08%  4.37%

Observation 7: Assuming NW can dynamically change the MG period using some link condition criteria (Case 1 and Case 2 described below), SLS results (mobility simulation is based on 30km/h UE speed and FR1 with 200m ISD) in Figure 8 show that 
· [bookmark: OLE_LINK100]The XR capacity increases from 2 to 6 under Case 1
· The XR capacity increases from 2 to 8 under Case 2
where
· Case 1: The MG period is adapted to be 2 times when PCell RSRP is 2dB better than the best neighbor cell and 4 times when PCell RSRP is 4dB better than the best neighbour cell
· Performance impact (handover fail rate): 2.08%  2.81%
· Case 2: The MG period is adapted to be 4 times when PCell RSRP is 2dB better than the best neighbor cell and 8 times when PCell RSRP is 4dB better than the best neighbour cell
· Performance impact (handover fail rate): 2.08%  4.37%
3	Conclusion
We have the following observations and proposals:
Observation 1: Both XR DL and UL traffic have high data rate and strict latency requirement
Observation 2: Existing NR DL scheduling mechanism are sufficient to support DL XR services.
Observation 3: NR dynamic UL scheduling has room for latency improvement.
Observation 4: In 5G NR system, measurement gaps (MG) are configured to allow UE to do inter-frequency neighbour cell measurement and the corresponding RF tuning for RRM purposes (e.g. mobility, load balancing, CA set-up). MG is a feature specific to mobile network, which is different from WiFi. In measurement gap, NW cannot schedule UE to transmit/receive data.
· System level simulation in Figure 7 shows that
· XR DL Capacity falls from 10 (no MG) to less than 2 (MGRP=80, MGL=6) and less than 1 (MGRP=40, MGL=6), if all UEs are configured with MG
· XR DL Capacity falls from 10 (no MG) to 6 (MGRP=80, MGL=6) and less than 2 (MGRP=40, MGL=6), if only the 20% cell-edge UEs are configured with MG
· The capacity loss is much more than 20%
Observation 5: It should be exploited to enhance measurement gap for XR with orchestrated gNB/UE coordination, say more dynamic MG activation/deactivation or MG setting (including duration and period) change
· current spec only allows RRC reconfiguration to change the MG settings or enable/disable MG.
Observation 6: From NW side, the Rel-16/Rel-17 defined RRM relaxation criteria
· lowMobilityEvaluation or not-at-cell-edge criteria defined in 5G NR Rel-16
· stationary or not-at-cell-edge criteria defined in 5G NR Rel-17
and the link condition can be used to determine how to do the MG activation/deactivation.
Observation 7: Assuming NW can dynamically change the MG period using some link condition criteria (Case 1 and Case 2 described below), SLS results (mobility simulation is based on 30km/h UE speed and FR1 with 200m ISD) in Figure 8 show that
· The XR capacity increases from 2 to 6 under Case 1
· The XR capacity increases from 2 to 8 under Case 2
where
· Case 1: The MG period is adapted to be 2 times when PCell RSRP is 2dB better than the best neighbor cell and 4 times when PCell RSRP is 4dB better than the best neighbour cell
· Performance impact (handover fail rate): 2.08% -> 2.81%
· Case 2: The MG period is adapted to be 4 times when PCell RSRP is 2dB better than the best neighbor cell and 8 times when PCell RSRP is 4dB better than the best neighbour cell
· Performance impact (handover fail rate): 2.08% -> 4.37%
Proposal 1: RAN2 to study enhanced SR design for dynamic UL scheduling latency reduction.
Proposal 2: RAN2 to study the alignment of UL CG with typical XR frame rates
Proposal 3: RAN2 to study the use of a hybrid DG/CG scheme to address UL AR traffic jitter.
Proposal 4: RAN2 to study ways to dynamically adapt the size of CG resources to address varying UL AR packet sizes.
Proposal 5: Support a more dynamic DCI/MAC-CE based MG activation/deactivation or MG setting (including duration and period) change for XR capacity enhancement.
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