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1. [bookmark: _Toc18404533][bookmark: _Toc18403966][bookmark: _Toc18413600]Introduction
In this contribution we discuss DRX enhancements for XR. 
2. DRX use case in XR 
XR encompasses a variety of traffic profiles and the XR traffic is characterised by periodicity with jitter, as shown in the following figure 1:
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Figure 1: periodic traffic pattern with a jitter
For the periodic traffic with jitter, if legacy dynamic scheduling is used (e.g. UE monitors the PDCCH all the time), the PDCCH resource and UE power will be wasted during the traffic idle period, but UE power saving is critical for XR service experience.
Observation 1: Legacy dynamic scheduling is not efficient for periodic XR traffic with jitter.
If legacy CG and/or SPS is used to improve the resource scheduling efficiency for periodic traffic with jitter, e.g. to save the PDCCH resource consumption and UE power consumption, there are the following issues:
· If the CG and/or SPS is configured before the traffic arrival time(e.g. the CG and/or SPS is configured based on the burst arrive time(T2), but the traffic arrive at T3(jitter with delay), the CG and/or SPS resource can not be used, and will be wasteful;
· If the CG and/or SPS is configured based on the latest time that the traffic may arrive(e.g. at T3), and the traffic arrives earlier with jitter(e.g. T1), the traffic will be delayed.
Observation 2: Legacy CG and/or SPS is not suitable for periodic traffic with jitter.
To improve the scheduling efficiency for periodic XR traffic with jitter, C-DRX can be used. E.g. UE only monitors the PDCCH during the burst arrive time duration(e.g. burst arrive time with jitter), and stop to monitor the PDCCH during the traffic idle period, as shown in the following figure 2.
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Figure 2: C-DRX is used to match the periodic traffic with jitter
Observation 3: C-DRX can be used to improve the scheduling efficiency for periodic XR traffic with jitter.
3. DRX enhancements for XR
Extension of DRX on duration
In case of periodic XR traffic, jitter can cause both early arrival and delayed arrival of DL data. However, early arrival of packets in general does not have an adverse impact on overall latency budget for XR traffic (i.e the network can simply buffer the early packet and send it at the next ON duration without impacting the power consumption at the UE). However, if the DRX on duration cannot capture the packets that are delayed due to jitter, then this will have significant impact on overall latency since the UE may go into DRX mode and the packet can only be received in the next DRX ON cycle. Periodic XR traffic, is generally characterised by having at least one packet during every DRX on duration, one option could be to extend the DRX on duration dynamically if the DL packet is delayed. With this option, if the DL packet arrives during the DRX ON duration time, then the UE Can terminate the DRX cycle and go back to sleep normally and if the packet is delayed then the DRX on duration can be extended by a specific duration. This is depicted in Figure 3 below. 
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[bookmark: _Ref109991128][bookmark: _Ref109991102]Figure 3: Dynamic extension of ON Duration to cater for delayed packet arrival due to jitter
Based on the above, the following proposal is made. 
Proposal 1: No specific solution is needed to solve the issue of early arrival of DL packet due to jitter
Proposal 2: Dynamic extension of DRX ON duration when there is no DL transmission during the expected DRX ON duration (because of the delayed downlink XR packet) is considered as solution for DL jitter
Multiple DRX cycles
In XR traffic, the video frame usually is performed based on fps unit, e.g. 60fps or 120fps, which cannot match the C-DRX periodicity with unit of ms(e.g. non-periodicity issue). In IIoT, multiple CGs/SPSs are introduced to deal with the non-periodicity issue without jitter. With similar consideration, multiple DRX cycles configuration to the same UE may be useful particularly in case of non-periodic XR traffic with jitter. For instance, three C-DRX with different C-DRX configurations (e.g. different start Time) can be configured to the UE. e.g. for 60fps service, the periodicity is 16.667ms, which can be transferred to three C-DRX configuration with integer periodicities(50ms) as follows:
	
	PDCCH monitoring start time
	Periodicity

	C-DRX Configuration
	0ms
	50ms

	C-DRX Configuration
	17ms
	50ms

	C-DRX Configuration
	34ms
	50ms


Proposal 3: To handle the non-integer periodic XR traffic, the network can configure more than one DRX cycles and change the DRX cycle with non-integer periodicity to multiple DRX cycles with integer periodicity. 
Finer granularity for DRX cycle
The DRX cycles currently supported do not have a very fine granularity. For instance, XR frame rates typically include 30/60/120 frames per second, and this has a nominal periodicity of 33.33/16.66/8.33 ms. However, the nearest periodicities for DRX cycle to match these periodicities are 32/20/10 ms. As can be seen, there is a large discrepancy between the nominal XR traffic periodicities and the DRX cycle lengths that could be configured for the UE. To better match the actual periodicities for XR traffic, other DRX cycle lengths should be considered. As an example, the following values could be considered as a starting point {33, 34, 16, 17, 8, 9} ms. 
Proposal 4: Finer granularity for DRX periodicity should be considered to better match the typical XR traffic periodicities. As a starting point the following additional values are proposed {33, 34, 16, 17, 8, 9} ms - (other values e.g. with granularity of 1ms can also be considered). 
Uniform non-integer CDRX cycle
Although multiple C-DRX can be configured to deal with the non-Integer C-DRX periodicity issue with special periodicity values, e.g. 60fps, 120fps etc, it can not deal with all the non-Integer C-DRX periodicities, e.g. to deal with 90fps, at least nine C-DRX should be configured to transfer it to C-DRX configuration with integer periodicity(100ms); and to deal with 99fps issue, at least 99 C-DRX should be configured to transfer it to C-DRX configuration with integer periodicity(1000ms), it is impossible to configure so much C-DRX per UE. To deal with all the non-integer C-DRX cycle issue, non-integer C-DRX cycle should be configured to UE, which is used to determine the start of on-duration timer directly based on a pre-defined formula, e.g. based on a FLOOR() calculation to determine the nearest suitable time.    
Proposal 5: non-integer C-DRX cycle can be configured to UE to accurately cater for all kinds of traffic non-integer periodicity. 
DRX Period mismatch at SFN wrap-around
Even if the DRX cycle is perfectly matched with the periodicity of the XR traffic in DL, there can be a mismatch between the DL periodicity and the DRX ON duration cycle because of the SFN wrap around. This issue results in the DL DRX cycle going out of sync with the arrival time of the XR traffic as result of the SFN wrap around. This is illustrated in the Figure 4 below. 
[image: ]
Figure 4: Mismatch between DL traffic arrival and DRX cycle after SFN wrap around

Proposal 6: The CDRX on duration start occasion should be redefined to solve the issue with the mismatch between periodic DL XR traffic arrival and the DRX ON duration periods after SFN wrap around. 
CN assistance information
For the C-DRX configuration, gNB should know the start occasion of the first C-DRX on-Duration time, the length of the C-DRX on-Duration time, and the periodicity of the C-DRX, which depends on the XR traffic, e.g. the PDU Set start time, the jitter of PDU Set start time, and the periodicity of PDU Set. Thus, CN should provide the following QoS assistance information to RAN for C-DRX configuration.
Proposal 7: CN should provide the following QoS assistance information to RAN for C-DRX configuration: PDU Set start time, the jitter of PDU Set start time, and the periodicity of PDU Set.  
4. Conclusion
The following observations and proposals are made: 
Observation 1: Legacy dynamic scheduling is not efficient for periodic XR traffic with jitter.
Observation 2: CG and/or SPS is not suitable for periodic traffic with jitter.
Observation 3: C-DRX can be used to improve the scheduling efficiency for periodic XR traffic with jitter.
Proposal 1: No specific solution is needed to solve the issue of early arrival of DL packet due to jitter
Proposal 2: Dynamic extension of DRX ON duration when there is no DL transmission during the expected DRX ON duration (because of the delayed downlink XR packet) is considered as solution for DL jitter
Proposal 3: To handle the non-integer periodic XR traffic, the network can configure more than one DRX cycles and change the DRX cycle with non-integer periodicity to multiple DRX cycles with integer periodicity. 
Proposal 4: Finer granularity for DRX periodicity should be considered to better match the typical XR traffic periodicities. As a starting point the following additional values are proposed {33, 34, 16, 17, 8, 9} ms - (other values e.g. with granularity of 1ms can also be considered). 
Proposal 5: non-integer C-DRX cycle can be configured to UE to accurately cater for all kinds of traffic non-integer periodicity. 
Proposal 6: The CDRX on duration start occasion should be redefined to solve the issue with the mismatch between periodic DL XR traffic arrival and the DRX ON duration periods after SFN wrap around. 
Proposal 7: CN should provide the following QoS assistance information to RAN for C-DRX configuration: PDU Set start time, the jitter of PDU Set start time, and the periodicity of PDU Set.
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