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A new Rel-18 Study Item for XR enhancements in NR has been approved in RAN#94. Three main topics are to be studied in RAN1 and RAN2: XR-awareness, XR-specific power saving, and XR-specific capacity improvements.
As clarified in [1] ,the study is to be based on Release 17 TR 38.838, on corresponding Release 17 work from SA4 (as per SP-210043) and on Release 18 work from SA2 (as per SP-211166). 
The objectives of the Study Item are as following: 
· XR-awareness (RAN2):
· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.
· Study how the above information aids XR-specific traffic handling.
· XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:
· C-DRX enhancement.
· PDCCH monitoring enhancement.
· XR-specific capacity improvements (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;

In this Tdoc, we discuss XR-specific Power saving enhancements. 

C-DRX Enhancement
Mismatch between the C-DRX and XR traffic periodicity
One of the main limitations of the Rel-15/Rel-16 C-DRX design is that the C-DRX cycles don’t align with the AR/VR frame rates. In the current C-DRX design, cycles are integer values (Long DRX cycles: [10, 20, 32, 40, 60, 64, …] ms, short DRX cycles: [2, 3, 4, 5, 6, 7, 8, 10, 14, 16] ms). However, and as agreed in Rel-17 XR RAN1 SI and the current Rel-18 RAN1 SI for the evaluation, the packet arrival rates to be evaluated for XR are {30, 60, 90, 120} fps, so the corresponding traffic periodicities of XR are non-integer values of {33.33, 16.67, 11.11, 8.33} ms. There is obviously a mismatch between the XR traffic arrival periodicities and the C-DRX cycles both long and short cycles. 

This misalignment causes a time drift between the arrival of the XR video frames and the start of the C-DRX cycles.   The accumulation of the time drift causes the expected arrival time of the XR traffic to fall outside the C-DRX On-Duration. 
The misalignment, if not corrected for, leads to larger latency for data scheduling and further reduces the XR/CG system capacity.
The issue has been raised and discussed in RAN1#109e and a list of possible solutions was listed for further study:
· Use of Periodic Pattern of consecutive C-DRX cycles [2]; it consists of using multiple C-DRX cycles in one single C-DRX configuration and the different cycles are applied in a semi-static pattern. For example, for a DL video using 60 fps Frame Rate, a pattern of {17, 17, 16} ms could be used. The total length of the pattern (e.g. L = 50 ms) and the number of cycles in the pattern (e.g. c = 3) can be determined by transforming the frame rate into an irreducible fraction, e.g. 
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This solution allows to fully align the C-DRX cycles and the XR traffic every c cycles. The remaining C-DRX cycles could be shifted forward or backward with respect to the traffic arrival and this can slightly compromise the latency or the power consumption. New C-DRX cycles should be defined to reduce the drift by using different cycles in the pattern. 
Hence, this solution requires  defining new C-DRX cycles like 9 ms, 11 ms, 17 ms, 33 ms, 34 ms. Also, additional signalling of the C-DRX pattern (length and cycles) is needed. 
· Periodically change the drx-startoffset [2]: it consists of adapting or changing the drx-startoffset periodically. As the drift becomes large after few cycles and the XR traffic arrival time risk to fall outside the DRX On-Duration, drx-startoffset adjustment can be done by the UE by using for example a counter, e.g. correct the offset every 3 cycles.
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This solution allows to fully align the C-DRX cycles and the XR traffic periodically. The network configures the adjustement period depending on the length of the On-Duration. Short On-Durations require more frequent offset correction. Longer On-Durations require less frequent offset correction.
· Dynamically change the drx-startoffset [2]: it is similar to the previous solution but it is done dynamically via L1 signalling. The advantage compared to the previous solution is that the network has flexibility and control and can do the adjustment whenever it is needed.
· Single C-DRX configuration with multiple On-Durations [3]: it consists of a single C-DRX configuration with multiple C-DRX On-Durations. Basically, there can be more than one C-DRX On-Duration within one DRX cycle so as to match every few frames arrival
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· Multiple active C-DRX configurations [3]: it consists of configuring multiple C- DRX configurations (e.g. nominator of the XR frame rate irreducible fraction) with the same periodicity (e.g. denominator of the XR frame rate irreducible fraction) but with staggered start offsets. 
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This solution requires more RRC signalling as multiple C-DRX configurations are needed to be configured to the UE. Also, synchronization between the different C-DRX configurations is critical and should be accurately maintained. 

· Re-use the 38.321 existing formula with some modification to determine the C-DRX start time. Multiple options in re-using the existing formula: 
· Use the modulo operation on rational numbers and use “floor” operation to both sides of the formula [5].
· Modify the formula to add an offset correction every specific number of cycles [4]. 

All these schemes can be further studied and evaluated to select a simple solution, with good performance, minimum implementation effort and with backward compatibility. 

We prefer to keep the legacy approach by re-using the 38.321 equation with some modification. The equation should remain backward compatible for example by allowing the network to set some parameters to zero or skip the configuration of some parameters to fall-back to the legacy equation. This gives better flexibility at the network side and minimize the implementation changes at both the UE and the network sides. Also, this allows to adopt a single a solution for all sort of traffics.  
In the MAC specification [TS 38.321], the formulas to start On-Duration timer are:
· For long DRX cycle: [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset, where SFN is the current System Frame Number, and the subframe number is the current subframe number.
· For short DRX cycle: [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle).
We propose two possible solutions to update the above formulas:

· Solution 1: 
In this solution, we adjust the drift every fixed number of C-DRX cycles and we adjust with a fixed offset. For example, for a Frame Rate =  (33.33 ms periodicity) and drx-Cycle = 32, we will adjust every 3 cycles with an offset equal to 4. 

We propose to introduce three new parameters: 
· drx-CyclesAdjust: number of cycles to apply a correction shift
· drx-CyclesOffset: the value of the offset to apply every drx-CyclesAdjust cycles
· drx-CorrectionCounter: A counter to apply the offset
And apply the following algorithm:
1. Increment the counter: 
drx-CorrectionCounter = 0; 
if (([(SFN × 10) + subframe number] modulo [(drx-CorrectionCounter + 1) × drx-CyclesAdjust × drx-Cycle] = drx-CorrectionCounter × drx-CyclesOffset ) && [(SFN × 10) + subframe number - drx-StartOffset > 0 ]  )
drx-CorrectionCounter = drx-CorrectionCounter + 1; 

2. Start of On-Duration:
[(SFN × 10) + subframe number] modulo (drx-Cycle) = (drx-StartOffset + [drx-CorrectionCounter × drx-CyclesOffset]) modulo (drx-Cycle), where SFN is the current System Frame Number, and the subframe number is the current subframe number.

The formulas are evaluated in Appendix case-1 and case-2. 
Introducing a drx-Cycle = 33 can further reduce the residual error as shown in in Appendix case-3. 

gNB can use the frame rate irreducible fraction to determine drx-CyclesAdjust and drx-CyclesOffset. 
e.g. if Frame Rate =  and drx-Cycle = 32:
· 
· drx-CyclesAdjust = 3 
· drx-CyclesOffset = 100 - drx-CyclesAdjust × drx-Cycle = 4
The advantage of Solution 1 is that it allows to correct the drift by adding a fixed offset every fixed number of cycles. The solution is simple, predictable and requires only an RRC signalling to the UE of two extra parameters drx-CyclesAdjust and drx-CyclesOffset. 

· Solution 2: 
 In solution 2, we take the C-DRX On-Duration time into consideration. Basically, if the traffic arrival time is within the On-Duration there is no need to correct the drift between the XR traffic arrival and the C-DRX cycles. The formula can be written as: 
[(SFN × 10) + subframe number] modulo (drx-Cycle) = (drx-StartOffset + floor(m × d)) modulo (drx-Cycle)

The m is increased by 1 every n drx-Cycles and d = n × (xr_periodicity - drx-Cycle). The n can be given by gNB or can be the smallest integer number that fulfils n×(xr_periodicity - drx-Cycle)≥ On-Duration.  

The formula is evaluated in Appendix case-4.

The advantage of this solution is that we correct the drift only when needed and there is no need to correct as long as the expected arrival time is still within the On-Duration.

Proposal 1: Define new C-DRX cycles for the XR traffic.
· FFS: 9 ms, 11 ms, 17 ms, 33 ms, 34 ms.
· FFS: rounding XR traffic periodicities up and down to nearest integers ( if it is not already supported)
Proposal 2: Re-use the 38.321 equation with some modification for the start of On-Duration timer . 
Proposal 3: Adopt one of the two porposed formulas for the start of On-Duration timer:
· Solution 1: 
1. Increment the counter: 
drx-CorrectionCounter = 0; 
if (( [(SFN × 10) + subframe number] modulo [(drx-CorrectionCounter + 1) × drx-CyclesAdjust × drx-Cycle] = drx-CorrectionCounter × drx-CyclesOffset ) && [(SFN × 10) + subframe number - drx-StartOffset > 0 ]  )
drx-CorrectionCounter = drx-CorrectionCounter + 1; 

2. Start of On-Duration:
[(SFN × 10) + subframe number] modulo (drx-Cycle) = (drx-StartOffset + [drx-CorrectionCounter × drx-CyclesOffset]) modulo (drx-Cycle), where SFN is the current System Frame Number, and the subframe number is the current subframe number.
· Solution 2: 
1. Increment the counter: 
m is increased by 1 every n drx-Cycles 

2. Start of On-Duration:
 [(SFN × 10) + subframe number] modulo (drx-Cycle) = (drx-StartOffset + floor(m ×d)) modulo (drx-Cycle))
C-DRX Enhancement to handle the jitter 
XR and Media traffic arrives at the 5G-RAN with a jitter. The main source of the jitter is the video encoder during the video encoding process which takes different durations in encoding video frames depending on the frames types, content and sizes. Hence, the traffic arrival is no longer periodic but quasi-periodic with a random jitter.
The jitter causes extra delay to the XR traffic if the data arrives before the DRX On-Duration start time or extra power consumption if the data arrives after the DRX On-Duration start time.
RAN1 in the Rel-17 SI, has modelled the XR traffic using a statistical approach. The jitter was modelled as a truncated gaussian distribution with 2 ms standard deviation and +/-4 ms range
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A list of possible solutions was listed in RAN1#109e for further study:
· Dynamically advance or delay the DRX starting time based on UE experienced jitter [6]. In this proposal, the gNB does jitter estimation and then whether it signals the jitter statistics/estimation to the UE or it can signal a command to advance or delay the DRX On-Duration. Similar solution was proposed to resolve the misalignment between DRX On-Duration and XR traffic occasion by dynamically adjusting the DRX start offset. This solution has the advantage of addressing both the jitter issue and the misalignment issue with one single solution. It requires however the gNB to do the jitter estimation and correct for it. 
· The use of wake-up signals (WUS) and designing low power WUS to reduce the power consumption for the jitter handling. A gap from the WUS is used to determine the DRX starting time, the WUS payload could also be used to determine the gap. The main concern with the use of WUS is that it still requires the UE to monitor (and decode if payload) the WUS, hence comes with extra power consumption and undermines the purpose of using the C-DRX. 
· Two stages C-DRX configuration; one coarse C-DRX cycle which is aligned with the XR traffic periodicity and a second finer C-DRX cycle within the On-Duration of the coarse cycle [4]. The advantage is to introduce further micro-sleeps in the On-Duration of the coarse cycle, hence reducing the power consumption while still using larger On-Duration to capture the traffic jitter. The drawback is the latency penalty as traffic arriving during the micro-sleeps still needs to wait for the On-Durations of the fine C-DRX cycle. The design can be further improved by adopting non-uniform On-Durations pattern for the fine C-DRX cycle by having larger On-Durations when the jitter probability is higher and smaller On-Durations when the jitter probability is lower.
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Proposal 4: Adopt the two stages C-DRX configurations to handle the jitter. 

Proposal 5: If coarse and fine C-DRX cycles are used for the jitter, adopt non-uniform On-Durations pattern for the fine C-DRX cycle to match the jitter distribution. 

· Adjustment of the C-DRX On-Duration based on the traffic arrival. The adjustment could be an extension, e.g. PDCCH monitoring in an extra time duration after the end of the On-Duration if the data is not received in the On-Duration [10]. The adjustment could also be an early termination, e.g. stopping the On-Duration at the first data arrival and then relying on the Inactivity Timer [9]. 
· Implicit SSSG switching conditioned on data reception: the UE can switch implicitly within the DRX On-Duration from sparse PDCCH monitoring to dense PDCCH monitoring after the data arrival [3][8].
C-DRX Enhancement for multiple XR traffic flows
XR traffic is composed of multiple data flows, like video, audio, pose/control information, haptic, etc. These flows have different traffic characteristics (periodicities, offsets, packet sizes, etc.) and different QoS requirements. 
The adoption of multiple simultaneously active C-DRX configurations to support the multi-flow XR traffic has been discussed in RAN1#109e [11]. The main motivation is to reduce the UE power consumption by having a dedicated and optimized C-DRX configuration per XR traffic flow. For example, different C-DRX configurations could be configured for video, audio, haptic flows. Even further, different C-DRX configurations could be used for I-frames vs. P-frames. 
Dynamic Adaptation of C-DRX Configuration
The adoption of dynamic adaptation of the C-DRX configuration parameters (On-Duration, Inactivity Timer, Start Offset) has been mentioned in RAN1#109e [11].
Although this technique can help address the jitter and the periodicity alignment issues, it requires the network to have a priori knowledge about the jitter of the traffic burst arriving in the next C-DRX occasion. This requires the network to have instantaneous information from the XR server /video codec about the jitter or the network to do jitter prediction.

PDCCH Monitoring Enhancements
In RAN1#109e [2], the following agreement has been reached for PDCCH enhancement: 

Agreement
For power saving study of Rel-18 XR SI, PDCCH monitoring enhancements to evaluate in this study item are to be selected from the following
· Low priority Issue 2-1: Alignment between PDCCH monitoring and XR traffic to resolve the mismatch between PDCCH monitoring periodicity and XR traffic periodicity. 
· Note: some companies think Rel-17 PDCCH monitoring adaptation can solve issue 2-1 or achieve similar intended outcome
· Note: Solutions proposed for Issue 2-1 and those proposed for Issue 1-1 are motivated by the same issue, namely non-integer XR traffic periodicity. It is to be studied how they compare in in terms of power saving gain and capacity, (a) solutions proposed for Issue 1-1; (b) solutions proposed for Issue 2-1.
· Low priority Issue 2-2: XR-dedicated PDCCH monitoring window to supplement CDRX for multi-flow traffic. 
· Note: some companies think Rel-17 PDCCH monitoring adaptation can solve issue 2-2 or achieve similar intended outcome
· Note: Solutions proposed for Issue 2-2 and those proposed for Issue 1-3 are motivated by the same issue, namely multiple XR traffic flows. It is to be studied how they compare in in terms of power saving gain and capacity, (a) solutions proposed for Issue 1-3; (b) solutions proposed for Issue 2-2.
· High priority Issue 2-3: Enhancements to Rel-17 PDCCH monitoring adaptation. 
· Note: Discussion on some enhancements may depend on the outcome of Rel-17 PDCCH monitoring adaptation maintenance
· Note: The study on enhancement to R17 PDCCH monitoring adaptation should focus on the techniques that are used for addressing XR-specific issues, e.g., jitter
Note 1: Other considerations are not precluded
Note 2: Companies are encouraged to clarify or provide more details of the proposed solutions, for addressing concerns from the group. 
Enhancements to Rel-17 PDCCH monitoring adaptation is agreed to be treated as a high priority topic. Rel-17 PDCCH skipping and SSSG switching both require enhancements to better support XR traffic. 

Regarding the Rel-17 PDCCH skipping, the following enhancements need to be studied: 
· The use of non-scheduling DCI format to trigger the PDCCH skipping. For example, when the video frame/slice is transmitted the gNB can use the non-scheduling DCI to signal PDCCH skipping. Since the UE should be indicated to skip PDCCH after the end of the burst transmission, this is to address the need to consider the retransmission of the last packet of a burst as the DCI scheduling the last packet can’t trigger the PDCCH skipping in case a retransmission is needed. The retransmission can’t wait for the next SPS/CG cycle as the associated PDB will expire.  Hence, the UE should be indicated to skip PDCCH after finishing the burst transmission. 
· Define new skipping durations. The new durations should cover the xr_periodicity +/- jitter_range with good resolution. For example, for a frame rate of 60 fps and jitter = +/-4ms, the durations should have good resolutions in the interval [16.67 -8ms, 16.67+ 8 ms] = [8.67 ms, 24.67 ms]. In Rel-17, a maximum of 2 bits could be allocated to signal the skipping duration, the UE can monitor per slot, or skip 10 slots or skip 20 slots. For XR traffic, more bits should be allocated to signal the skipping duration. Also, the associated durations should be RRC configured by the gNB to accommodate different XR traffic periodicities and different jitters. A coarse skipping duration and a fine skipping duration could be defined to reduce the signalling overhead.
· PDCCH skipping should operate efficiently when the UE is configured with C-DRX for XR and when the UE is not configured with C-DRX for XR. Both configurations should be studied separately and PDCCH skipping should operate efficiently for both configurations.  

Proposal 6: Support the use of non-scheduling DCI format to trigger the PDCCH skipping.
Proposal 7: Define new configurable PDCCH skipping durations in the range xr_periodicity +/- jitter_range.
Proposal 8: PDCCH skipping should operate efficiently when the UE is configured or not with C-DRX

Regarding the SSSG switching, the following enhancements need to be studied: 

· As proposed for PDCCH skipping, to define new skipping durations, it is also required to check the SSSG switching timer searchSpaceSwitchTimer-r17 and whether new timers are required for the XR traffic.
· SSSG switching should also operate efficiently when the UE is configured or not with C-DRX for XR.

Proposal 9:  Define new configurable SSSG switching timers in the range xr_periodicity +/- jitter_range.

Other Enhancements
To address any other enhancements in RAN1 apart from the PDCCH and C-DRX enhancements, the following agreement has been reached in RAN1#109e [2]: 

Agreement
For Rel-18 XR power saving enhancements, RAN1 further discusses by RAN1 #110 whether the issues below are to be addressed, and if so, which solutions should be selected for evaluation in this study item. These issues are low priority.
· Issue 3-1: Misaligned UE transmission and reception. 
· Issue 3-2: Power saving by XR-aware scheduling.
· Note 1b: XR SI objective has XR-awareness in RAN listed as a specific topic of RAN2 study
· Issue 3-3: Unnecessary data transmission in allocated resources. 
Note 1: Rel-18 XR SI objective only has CDRX enhancements and PDCCH monitoring enhancements explicitly listed as focus of RAN1 study
Note 2: Other considerations are not precluded

Regarding Issue 3-1 of the misalignment between UE transmission and reception, the objective of this proposal is to reduce the UE power consumption by aligning the UL and DL traffic hence reducing the UE wake-up time. In Rel-17 XR SI [13], and as a baseline assumption, the DL video traffic was assumed to have a periodicity of 16.67 ms (60Hz) and the UL pose/control traffic was assumed to have a 4 ms periodicity and the UL AR traffic to have 16.67 ms (60Hz) periodicity. 
16.67 ms is not an integer multiple of 4 ms, hence it is not possible to align the UL pose/control information with the DL traffic unless we change the UL pose/control information periodicity or the video traffic periodicity which is out of the RAN1 scope.
Also, with the +/-4 ms jitter for the video traffic, aligning the UL and the DL periodicities won’t bring much gain as uncertainty on the traffic arrival time still remains.
This issue should be deprioritized in Rel-18 XR SI. 

Proposal 10: Issue 3-1 of the misalignment between UE transmission and reception should be deprioritized in Rel-18 XR SI.  

Regarding Issue 3-2, the XR awareness topic is led and discussed primarily in RAN2 and any work on this topic could be overlapping with RAN2 work. However, there could be some RAN1 impact and some capacity evaluations may be needed in the future. RAN1 can become involved following any future request from RAN2. 

Proposal 11: Issue 3-2 of power saving by XR-aware scheduling should be studied in RAN2 and deprioritized in RAN1.  

Regarding Issue 3-3, it is addressing the varying packet size in UL and the need to pad zero bits when the UL packet is much smaller than the semi-statically configured grant. This causes increased UE power consumption and increased resource inefficiency. 
We think this is a valid issue for UL AR traffic and should be addressed in RAN1. However, this issue impacts both power saving and system capacity. Hence, any solution should ensure good power saving gain without much impact on the system capacity.
To address this issue, the UE could be configured with multiple configured grant configurations with overlapping resources and the UE can choose which configured grant to use based on the UL packet payload. The UE can explicitly signal which configured grant configuration has been selected for the transmission before the CG transmission or alternatively the gNB can blindly decode which configured grant configuration has been selected.  

Proposal 12: Issue 3-3 of unnecessary data transmission in allocated resources can be studied in RAN1.  
Proposal 13: The unnecessary data transmission in allocated resources could be addressed with multiple configured grant configurations with overlapping resources and the UE can choose which configured grant to use based on the UL packet payload.

Conclusion
In this contribution, we have presented several potential enhancements for the XR service that could be studied and explored further to enable better XR power saving on 5G.
We made the following proposals: 

Proposal 1: Define new C-DRX cycles for the XR traffic.
· FFS: 9 ms, 11 ms, 17 ms, 33 ms, 34 ms.
· FFS: rounding XR traffic periodicities up and down to nearest integers ( if it is not already supported)
Proposal 2: Re-use the 38.321 equation with some modification for the start of On-Duration timer . 
Proposal 3: Adopt one of the two porposed formulas for the start of On-Duration timer:
· Solution 1: 
3. Increment the counter: 
drx-CorrectionCounter = 0; 
if (([(SFN × 10) + subframe number] modulo [(drx-CorrectionCounter + 1) × drx-CyclesAdjust × drx-Cycle] = drx-CorrectionCounter × drx-CyclesOffset ) && [(SFN × 10) + subframe number - drx-StartOffset > 0 ]  )
drx-CorrectionCounter = drx-CorrectionCounter + 1; 

4. Start of On-Duration:
[(SFN × 10) + subframe number] modulo (drx-Cycle) = (drx-StartOffset + [drx-CorrectionCounter × drx-CyclesOffset]) modulo (drx-Cycle), where SFN is the current System Frame Number, and the subframe number is the current subframe number.
· Solution 2: 
3. Increment the counter: 
m is increased by 1 every n drx-Cycles 

4. Start of On-Duration:
 [(SFN × 10) + subframe number] modulo (drx-Cycle) = (drx-StartOffset + floor(m ×d)) modulo (drx-Cycle))

Proposal 4: Adopt the two stages C-DRX configurations to handle the jitter. 
Proposal 5: If coarse and fine C-DRX cycles are used for the jitter, adopt non-uniform On-Durations pattern for the fine C-DRX cycle to match the jitter distribution. 
Proposal 6: Support the use of non-scheduling DCI format to trigger the PDCCH skipping.
Proposal 7: Define new configurable PDCCH skipping durations in the range xr_periodicity +/- jitter_range.
Proposal 8: PDCCH skipping should operate efficiently when the UE is configured or not with C-DRX
Proposal 9: Define new configurable SSSG switching timers in the range xr_periodicity +/- jitter_range.
Proposal 10: Issue 3-1 of the misalignment between UE transmission and reception should be deprioritized in Rel-18 XR SI.  
Proposal 11: Issue 3-2 of power saving by XR-aware scheduling should be studied in RAN2 and deprioritized in RAN1.  
Proposal 12: Issue 3-3 of unnecessary data transmission in allocated resources can be studied in RAN1.  
Proposal 13: The unnecessary data transmission in allocated resources could be addressed with multiple configured grant configurations with overlapping resources and the UE can choose which configured grant to use based on the UL packet payload
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· Solution 1:
· Case 1: 
· Frame Rate = 30 fps 
· drx-Cycle = 32
· drx-CyclesAdjust = 3 
· drx-CyclesOffset = 4
	Traffic Arrival
	start on-duration
from the proposed formula
	Residual Error

	33.3333
	32
	1.33333

	66.6667
	64
	2.66667

	100
	100
	0

	133.333
	132
	1.33333

	166.667
	164
	2.66667

	200
	200
	0

	233.333
	232
	1.33333

	266.667
	264
	2.66667

	300
	300
	0

	333.333
	332
	1.33333

	366.667
	364
	2.66667

	400
	400
	0

	433.333
	432
	1.33333

	466.667
	464
	2.66667

	500
	500
	0

	533.333
	532
	1.33333

	566.667
	564
	2.66667

	600
	600
	0

	633.333
	632
	1.33333

	666.667
	664
	2.66667

	700
	700
	0

	733.333
	732
	1.33333

	766.667
	764
	2.66667

	800
	800
	0

	833.333
	832
	1.33333

	866.667
	864
	2.66667

	900
	900
	0

	933.333
	932
	1.33333

	966.667
	964
	2.66667

	1000
	1000
	0

	1033.33
	1032
	1.33333


· Case 2: 
· Frame Rate = 60 fps 
· drx-Cycle = 16
· drx-CyclesAdjust = 3 
· drx-CyclesOffset = 2
	Traffic Arrival
	start on-duration
from the proposed formula
	Residual Error

	16.6667
	16
	0.66667

	33.3333
	32
	1.33333

	50
	50
	0

	66.6667
	66
	0.66667

	83.3333
	82
	1.33333

	100
	100
	0

	116.667
	116
	0.66667

	133.333
	132
	1.33333

	150
	150
	0

	166.667
	166
	0.66667

	183.333
	182
	1.33333

	200
	200
	0

	216.667
	216
	0.66667

	233.333
	232
	1.33333

	250
	250
	0

	266.667
	266
	0.66667

	283.333
	282
	1.33333

	300
	300
	0

	316.667
	316
	0.66667

	333.333
	332
	1.33333

	350
	350
	0

	366.667
	366
	0.66667

	383.333
	382
	1.33333

	400
	400
	0

	416.667
	416
	0.66667

	433.333
	432
	1.33333

	450
	450
	0

	466.667
	466
	0.66667

	483.333
	482
	1.33333

	500
	500
	0

	516.667
	516
	0.66667




· Case 3: 
· Frame Rate = 30 fps 
· drx-Cycle = 33
· drx-CyclesAdjust = 3 
· drx-CyclesOffset = 4
	Traffic Arrival
	start on-duration
from the proposed formula
	Residual Error

	33.3333
	33
	0.33333

	66.6667
	66
	0.66667

	100
	100
	0

	133.333
	133
	0.33333

	166.667
	166
	0.66667

	200
	200
	0

	233.333
	233
	0.33333

	266.667
	266
	0.66667

	300
	300
	0

	333.333
	333
	0.33333

	366.667
	366
	0.66667

	400
	400
	0

	433.333
	433
	0.33333

	466.667
	466
	0.66667

	500
	500
	0

	533.333
	533
	0.33333

	566.667
	566
	0.66667

	600
	600
	0

	633.333
	633
	0.33333

	666.667
	666
	0.66667

	700
	700
	0

	733.333
	733
	0.33333

	766.667
	766
	0.66667

	800
	800
	0

	833.333
	833
	0.33333

	866.667
	866
	0.66667

	900
	900
	0

	933.333
	933
	0.33333

	966.667
	966
	0.66667

	1000
	1000
	0

	1033.33
	1033
	0.33333





· Solution 2:
· Case 4: 
· Frame Rate = 30 fps
· drx-Cycle = 32
· On-Duration = 11ms
	Traffic Arrival
	start on-duration
from the proposed formula
	Residual Error

	33.3333
	32
	1.33333333

	66.6667
	64
	2.66666667

	100
	96
	4

	133.333
	128
	5.33333333

	166.667
	160
	6.66666667

	200
	192
	8

	233.333
	224
	9.33333333

	266.667
	256
	10.6666667

	300
	300
	0

	333.333
	332
	1.33333333

	366.667
	364
	2.66666667

	400
	396
	4

	433.333
	428
	5.33333333

	466.667
	460
	6.66666667

	500
	492
	8

	533.333
	524
	9.33333333

	566.667
	556
	10.6666667

	600
	600
	0

	633.333
	632
	1.33333333

	666.667
	664
	2.66666667

	700
	696
	4

	733.333
	728
	5.33333333

	766.667
	760
	6.66666667

	800
	792
	8

	833.333
	824
	9.33333333

	866.667
	856
	10.6666667

	900
	900
	0

	933.333
	932
	1.33333333

	966.667
	964
	2.66666667

	1000
	996
	4

	1033.33
	1028
	5.33333333
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