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1. [bookmark: _Toc18403966][bookmark: _Toc18413600][bookmark: _Toc18404533]Introduction
During the study item it was agreed that Most XR frame rates (15, 30, 45, 60, 72, 90 and 120fps) correspond to periodicities which are not an integer (66.66, 33.33, 22.22, 16.66, 13.88, 11.11 and 8.33ms respectively). The corresponding support by DRX will be dealt with in a semi-static manner at least (e.g. via RRC signalling). In addition, RRC pre-configuration and switching of configurations of DRX can be considered for enhancements of XR power saving.
In RAN2#121bis meeting, the following agreements have been made:
	Options
?? Rational number for DRX cycle periodicity
?? DRX cycle adjustments
?? Multiple active DRX configurations
· RAN2 will not consider solution 3, i.e. multiple active DRX configurations as a solution to the non-integer periodicity for XR traffic, i.e. UE would have only one DRX configuration. 
· To address SFN wrap around, it is proposed to adopt option with a counter in DRX formula that increments at every SFN wrap around and an DRX reference SFN signalled by network. FFS if this is based on H-SFN, E-SFN or a generic counter.


In the RAN2#122 meeting, the following agreements has been made:
	· Define DRX cycle based on rational numbers. Inform RAN1/4 about this and ask them to indicate if this causes issues in their specifications.
· Not use broadcast signalling for counter and reference SFN in XR.


In this contribution, we will study how to match the DRX periodicity with non-integer XR periodicity, switching of DRX configurations, and give our proposals.
2. Discussion
2.1 DRX cycle based on rational numbers
Based on the agreement in RAN2#122 meeting, DRX cycle based on rational numbers will be defined to deal with the mismatch between DRX periodicity with non-integer XR periodicity. For this, the following popular XR frame rates should be considered as baseline. 
	XR frame rate
	Periodicity with rational number

	15fps
	200/3ms

	30fps
	100/3ms

	45fps
	200/9ms

	60fps
	50/3ms

	72fps
	250/9ms

	90fps
	100/9ms

	120fps
	25/3ms


Proposal 1: The periodicity of [200/3 ms, 100/3 ms, 200/9 ms, 50/3 ms, 250/9 ms, 100/9 ms, 25/3 ms,...] are defined as the baseline for DRX cycle with rational numbers.
Whether more wide range of DRX cycles with rational numbers is defined can be further discussed. E.g. the DRX cycle with rational numbers can be defined by a structure as:
{   numerator        ENUMERATED {5,10,15,20,25,30,....1000}
    denominator     ENUMERATED {3,7,9,11,13,17,19...}
} 
And the DRX cycle can be a rational number of numerator/denominator, which can match any XR frame rate and/or IIoT non-integer periodicity(e.g. unit with Hz).
Proposal 2: RAN2 discuss whether a more universal DRX cycle with rational numbers are defined to match any XR frame rate and/or IIoT non-integer periodicity.
Based on the current formula for C-DRX onDuration start occasion calculation, modulo(X) operation is used, and the result of modulo(X) may be a decimal if the X is a rational number. But the C-DRX onDuration start occasion is identified with a subframe number which cannot be a decimal. Thus, when DRX cycle with rational number is used, the formula for C-DRX onDuration start occasion calculation should be modified, e.g floor(Y) operation is used to obtain the nearest subframe before the decimal. For example. if the C-DRX onDuration start occasion calculated is subframe corresponding to 16.667ms, then subframe corresponding to 16ms will be the C-DRX onDuration start occasion. For backward compatibility, only the UE supporting the DRX cycle with rational number, can be configured with these rational number DRX cycles.
Observation 1: The formula for C-DRX onDuration start occasion calculation needs be modified to support rational DRX cycle, and backward compatibility should be considered.
2.2 For C-DRX SFN wrap around issue
In RAN2#121bis meeting, it has been agreed that “To address SFN wrap around, it is proposed to adopt option with a counter in DRX formula that increments at every SFN wrap around and an DRX reference SFN signalled by network. FFS if this is based on H-SFN, E-SFN or a generic counter.” In RAN2#121bis meeting, it has been agreed that “Not use broadcast signalling for counter and reference SFN in XR.”, thus only a integer counter m will be introduced to deal with the C-DRX SFN wrap around issue. When a counter is introduced, if the DRX cycle is not a factor of 10240, it will be not backward compatible, only if the UE supports the new formula and the NW indicates to use the new formula, the new formula with a counter m can be used.
Observation 2: When a counter is introduced to deal with the C-DRX SFN wrap around issue, the formula will be not backward compatible, UE capability and NW indication is necessary to use the new formula. 
Since the rational number of [200/3, 100/3, 200/9, 50/3, 250/9, 100/9, 25/3ms,...] is not integer factor of 10240, the DRX cycle with rational number has also the SFN wraparound issue.
Observation 3: DRX cycle with rational number also has the SFN wraparound issue. 
Thus, a modified formula for C-DRX onDuration start occasion calculation should deal with both the SFN wraparound issue and DRX cycle with rational number, e.g. both counter m and floor() operation should be considered in the new formula. Once a new formula can deal with both the SFN wraparound issue and DRX cycle with rational number, it can also deal with the SFN wraparound issue or the DRX cycle with rational number. So, a unified formula is suggested to deal with both the SFN wraparound issue and DRX cycle with rational number.
Proposal 3: A unified formula is suggested to deal with both the SFN wraparound issue and DRX cycle with rational number(e.g. both counter m and floor() operation are considered in the new formula).
2.3 Handling of XR traffic which is quasi-periodic with jitter
Two USS are configured during the DRX on-duration occasion for the Jitter case
XR traffic is usually quasi-periodic service with large burst. To balance the UE power saving before the burst arriving and burst scheduling latency, configuring more than one USS to the same UE is beneficial. For instance, two different UE specific search spaces with different USS monitoring periodicities can be configured to the UE. The UE monitors the first USS for PDCCH/WUS before the arrival of the burst of traffic using a larger monitoring periodicity and upon detecting the burst arrival, the UE monitors the second USS using the second USS with a smaller monitoring periodicity. With this approach, the USS monitoring periodicity of the first USS can be kept large and can avoid high power consumption at the UE side. The second USS which is conditionally activated upon receiving the indication on the first USS can have a smaller USS monitoring periodicity to allow the network scheduler to schedule the data transmission in-time. 
Proposal 4: To handle the quasi-periodic XR traffic with jitter, the network can configure more than one USS, the first USS is activated at the DRX on-duration start occasion and the second USS is activated only upon receiving an indication on the first USS.
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.Considering the different jitter value for different service, the extended duration value can be configured by RRC signalling, and whether to extend the duration can be decided by gNB and UE(e.g. the duration is extended automatically if the DL packet is not received in the DRX on-duration)   This is depicted in Figure 1 below. 
[image: ]
[bookmark: _Ref109991128][bookmark: _Ref109991102]Figure 1: Dynamic extension of ON Duration to cater for delayed packet arrival due to jitter
Based on the above, the following proposal is made. 
Proposal 5: No specific solution is needed to solve the issue of early arrival of DL packet due to jitter
Proposal 6: For the dynamic extension of DRX ON duration(e.g. switching of configurations of DRX): an extended duration value is configured by RRC signalling, and the on duration is extended automatically when there is no DL transmission during the expected DRX ON duration.
3. Conclusion
[bookmark: _Toc18403976][bookmark: _Toc18413612][bookmark: _Toc18404543]Proposal 1: The periodicity of [200/3 ms, 100/3 ms, 200/9 ms, 50/3 ms, 250/9 ms, 100/9 ms, 25/ ms,…] are defined as the baseline for DRX cycle with rational numbers.
Proposal 2: RAN2 discuss whether a more universal DRX cycle with rational numbers are defined to match any XR frame rate and/or IIoT non-integer periodicity.
Observation 1: The formula for C-DRX onDuration start occasion calculation need be modified to support rational DRX cycle, and backward compatibility should be considered.
Observation 2: When a counter is introduced to deal with the C-DRX SFN wrap around issue, the formula will be not backward compatible, UE capability and NW indication is necessary to use the new formula. 
Observation 3: DRX cycle with rational number also has the SFN wraparound issue. 
Proposal 3: A unified formula is suggested to deal with both the SFN wraparound issue and DRX cycle with rational number (e.g. both counter m and floor() operation are considered in the new formula). 
Proposal 4: To handle the quasi-periodic XR traffic with jitter, the network can configure more than one USS, the first USS is activated at the DRX on-duration start occasion and the second USS is activated only upon receiving an indication on the first USS.
Proposal 5: No specific solution is needed to solve the issue of early arrival of DL packet due to jitter 
Proposal 6: For the dynamic extension of DRX ON duration (e.g. switching of configurations of DRX): an extended duration value is configured by RRC signalling, and the on duration is extended automatically when there is no DL transmission during the expected DRX ON duration.
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