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In this contribution, we discuss how to enhance DRX operations to handle non-integer traffic periodicity. More specifically, we describe and compare two solutions for handling non-integer traffic periodicity. 
Discussions 
Issue of handling non-integer XR traffic periodicity in DRX operations
Today, video frame refresh rate is typically set to 24, 30, 50, 60, or 120 frames per second (fps), corresponding to a frame periodicity of 41.667, 33.333, 20, 16.667, or 8.333 msec, respectively. Except for the 20 msec frame periodicity, none of the other frame periodicities is an integer multiple of 1 msec or 1 microsecond.
Due to the periodical nature of XR traffic, XR UEs can be configured to perform DRX operations in order to reduce power consumption during the quiet periods between data bursts. 
The existing standardized long DRX cycles that are relevant to XR video traffic include 10, 20, 32, and 40 msec and the existing standardized short DRX cycles that are relevant to XR video traffic include 5, 6, 7, 8, 10, 14, 16, 20, 30, 32, and 35 msec, while the other existing values are too long (or too short) to be relevant [1]. These standardized DRX cycle values don’t match very well with most of the typical video frame periodicities, except that the 20 msec cycle matches very well with the 20 msec frame periodicity. When the configured DRX cycle value doesn’t perfectly match with the traffic periodicity, the transmission queuing delay for the video data keeps increasing for each subsequent frame until it approaches a limit capped by the configured DRX cycle value and snaps back to a small value. After that, the transmission queuing delay keeps increasing for each subsequent frame again until it approaches the limit and snaps back again, and the same pattern goes on and on. The transmission queuing delay caused by the mismatch takes valuable time away from the delay budget available for the scheduling and the actual transmission over the Uu link, thereby reducing scheduling flexibility and spectrum efficiency. And the constantly changing queuing delay makes the scheduling. Although one can shorten the DRX cycle to cap the transmission queuing delay to a smaller value, the UE power saving efficiency will suffer. Using RRC or Layer 1/2 signaling (such as DCI or MAC CE) to dynamically adjust the starting time of the next DRX cycle is not desirable either because of the frequent signaling overhead.
Two solutions, referred to as the rounding based solution and the leap-cycle based solution, are more practical for handling non-integer periodicity in DRX operations. We describe them and compare them in the subsequent sections.
Rounding based solution
In the rounding based solution, the gNB configures a nominal DRX cycle duration to be precisely equal to the traffic periodicity, no matter the traffic periodicity is an integer periodicity or a non-integer periodicity. Then, for each DRX cycle, the gNB and the UE respectively performs the following:
Step 1. Computes the nominal starting time of Next DRX cycle as the sum of the nominal DRX cycle duration and the stored nominal starting time of Current DRX cycle and then updates the stored nominal starting time of Current DRX cycle to be equal to the computed sum, which is to be used for computing the nominal starting time of Next DRX cycle for the subsequent DRX cycle.
Step 2. Rounds the computed nominal starting time of Next DRX cycle to the closest time unit with a round function. The time unit can be specified or pre-configured as, e.g., one slot or OFDM symbol. The rounding function can also be replaced by a ceiling function or a floor function.
Step 3. Uses the rounded starting time as the actual starting time of the next DRX cycle and acts accordingly.
Leap-cycle based solution 
In the leap-cycle based solution, the gNB configures the following:
a) A regular DRX cycle duration (T_regular) to be equal to a standardized DRX cycle value that closely matches with but not necessarily equal to the traffic periodicity (T_traffic),
b) A number N, where every time when N number of regular DRX cycles are complete, a leap DRX cycle is to be inserted thereafter, and
c) A leap DRX cycle duration (T_leap) to be equal to another standardized DRX cycle value,
where (N x T_regular + T_leap) = (N+1) x T_traffic. 
Therefore, T_regular is shorter than T_traffic when T_leap is longer than T_traffic and T_regular is longer than T_traffic when T_leap is shorter than T_traffic.
The gNB and the UE each maintains a counter for tracking the number of consecutive regular DRX cycles completed, and when reaching the number N, resets the counter and inserts a leap DRX cycle as the next DRX cycle. After the inserted leap DRX cycle is completed, the next N DRX cycles are regular DRX cycles, then followed by another leap DRX cycle, and so on and so forth.
Comparison
Both the rounding based solution and the leap-cycle based solution can be used for handling non-integer traffic periodicity for DRX enhancements. Furthermore, both solutions can also be used for handling non-integer traffic periodicity for SPS or CG enhancements, as the periodicity mismatch issue also exists for SPS and CG.
Compared to the leap-cycle based solution, the rounding based solution produces more uniform durations among all DRX (or SPS/CG) cycles. In a situation where multiple XR UEs are served by the same cell and inter-UE staggering is configured, with the leap-cycle based solution, once a while, the starting time of the next DRX cycle ( or the next SPS-O/CG-O) of a UE is determined based on its leap DRX (or SPS/CG) cycle duration while the starting time of the next DRX cycle (or the next SPS-O/CG-O) of the other UEs are determined based on their regular DRX (or SPS/CG) cycle durations, which could result in certain overlapping of the next DRX-On periods (or SPS-Os/CG-Os) between this UE and one or more of the other UEs. In the same situation, with the rounding based solution, the jitters introduced by the rounding to the actual DRX-On periods (or SPS-O or CG-O) are capped at plus and minus half of the rounding time unit (such as one slot or OFDM symbol), hence are much smaller than the jitters in data arrival time and therefore can be easily handled by a small time gap, which can be arranged between the staggered high-volume data bursts of the different UEs and is primarily for avoiding inter-UE collision due to the jitters in data arrival time. 
Therefore, the rounding based solution is more friendly to inter-UE staggering and hence has a slight advantage over the leap-cycle based solution.
[bookmark: _Ref129681832]Proposal 1: RAN2 study the rounding based solution and the leap-cycle based solution, as described, for handling non-integer XR traffic periodicity in DRX operations.
Proposal 2: RAN2 consider incorporating the text proposed in the Annex into draft TR 38.835.
Conclusions
The followings are proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: RAN2 study the rounding based solution and the leap-cycle based solution, as described, for handling non-integer XR traffic periodicity in DRX operations.
Proposal 2: RAN2 consider incorporating the text proposed in the Annex into draft TR 38.835.
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5.2.2.x	DRX enhancements for handling non-integer XR traffic periodicity
5.2.2.x.1	Issue of handling non-integer XR traffic periodicity in DRX operations
Today, video frame refresh rate is typically set to 24, 30, 50, 60, or 120 frames per second (fps), corresponding to a frame periodicity of 41.667, 33.333, 20, 16.667, or 8.333 msec, respectively. Except for the 20 msec frame periodicity, none of the other frame periodicities is an integer multiple of 1 msec or 1 microsecond.
Due to the periodical nature of XR traffic, XR UEs can be configured to perform DRX operations in order to reduce power consumption during the quiet periods between data bursts. 
The existing standardized long DRX cycles that are relevant to XR video traffic include 10, 20, 32, and 40 msec and the existing standardized short DRX cycles that are relevant to XR video traffic include 5, 6, 7, 8, 10, 14, 16, 20, 30, 32, and 35 msec, while the other existing values are too long (or too short) to be relevant [1]. These standardized DRX cycle values don’t match very well with most of the typical video frame periodicities, except that the 20 msec cycle matches very well with the 20 msec frame periodicity. When the configured DRX cycle value doesn’t perfectly match with the traffic periodicity, the transmission queuing delay for the video data keeps increasing for each subsequent frame until it approaches a limit capped by the configured DRX cycle value and snaps back to a small value. After that, the transmission queuing delay keeps increasing for each subsequent frame again until it approaches the limit and snaps back again, and the same pattern goes on and on. The transmission queuing delay caused by the mismatch takes valuable time away from the delay budget available for the scheduling and the actual transmission over the Uu link, thereby reducing scheduling flexibility and spectrum efficiency. And the constantly changing queuing delay makes the scheduling. Although one can shorten the DRX cycle to cap the transmission queuing delay to a smaller value, the UE power saving efficiency will suffer. Using RRC or Layer 1/2 signaling (such as DCI or MAC CE) to dynamically adjust the starting time of the next DRX cycle is not desirable either because of the frequent signaling overhead.
Two solutions, referred to as the rounding based solution and the leap-cycle based solution, are more practical for handling non-integer periodicity in DRX operations. We describe them and compare them in the subsequent sections.
5.2.2.x.2	Rounding based solution
In the rounding based solution, the gNB configures a nominal DRX cycle duration to be precisely equal to the traffic periodicity, no matter the traffic periodicity is an integer periodicity or a non-integer periodicity. Then, for each DRX cycle, the gNB and the UE respectively performs the following:
Step 1. Computes the nominal starting time of Next DRX cycle as the sum of the nominal DRX cycle duration and the stored nominal starting time of Current DRX cycle and then updates the stored nominal starting time of Current DRX cycle to be equal to the computed sum, which is to be used for computing the nominal starting time of Next DRX cycle for the subsequent DRX cycle.
Step 2. Rounds the computed nominal starting time of Next DRX cycle to the closest time unit with a round function. The time unit can be specified or pre-configured as, e.g., one slot or OFDM symbol. The rounding function can also be replaced by a ceiling function or a floor function.
Step 3. Uses the rounded starting time as the actual starting time of the next DRX cycle and acts accordingly.
5.2.2.x.3	Leap-cycle based solution 
In the leap-cycle based solution, the gNB configures the following:
a) A regular DRX cycle duration (T_regular) to be equal to a standardized DRX cycle value that closely matches with but not necessarily equal to the traffic periodicity (T_traffic),
b) A number N, where every time when N number of regular DRX cycles are complete, a leap DRX cycle is to be inserted thereafter, and
c) A leap DRX cycle duration (T_leap) to be equal to another standardized DRX cycle value,
where (N x T_regular + T_leap) = (N+1) x T_traffic. 
The gNB and the UE each maintains a counter for tracking the number of consecutive regular DRX cycles completed, and when reaching the number N, resets the counter and inserts a leap DRX cycle as the next DRX cycle. After the inserted leap DRX cycle is completed, the next N DRX cycles are regular DRX cycles, then followed by another leap DRX cycle, and so on and so forth.
5.2.2.x.4	Comparison
Both the rounding based solution and the leap-cycle based solution can be used for handling non-integer traffic periodicity for DRX enhancements. Furthermore, both solutions can also be used for handling non-integer traffic periodicity for SPS or CG enhancements, as the periodicity mismatch issue also exists for SPS and CG.
Compared to the leap-cycle based solution, the rounding based solution produces more uniform durations among all DRX (or SPS/CG) cycles. In a situation where multiple XR UEs are served by the same cell and inter-UE staggering is configured, with the leap-cycle based solution, once a while, the starting time of the next DRX cycle ( or the next SPS-O/CG-O) of a UE is determined based on its leap DRX (or SPS/CG) cycle duration while the starting time of the next DRX cycle (or the next SPS-O/CG-O) of the other UEs are determined based on their regular DRX (or SPS/CG) cycle durations, which could result in certain overlapping of the next DRX-On periods (or SPS-Os/CG-Os) between this UE and one or more of the other UEs. In the same situation, with the rounding based solution, the jitters introduced by the rounding to the actual DRX-On periods (or SPS-O or CG-O) are capped at plus and minus half of the rounding time unit (such as one slot or OFDM symbol), hence are much smaller than the jitters in data arrival time and therefore can be easily handled by a small time gap, which can be arranged between the staggered high-volume data bursts of the different UEs and is primarily for avoiding inter-UE collision due to the jitters in data arrival time. 
Therefore, the rounding based solution is more friendly to inter-UE staggering and hence has a slight advantage over the leap-cycle based solution.
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