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1. Introduction
In RAN1 #110 meeting, the following agreements on R18 XR specific power saving enhancement were agreed [1]:
	Conclusion
Conclude that “SFN wraparound mismatch” is a RAN2 issue. It can be left to RAN2 to address. RAN1 does not further study it.

Agreement
RAN1 recommends identifying a solution for enhancement of CDRX to align with XR traffic periodicity

Conclusion
RAN1 does not assume instantaneous jitter value for a frame is predictable for Rel-18 XR SI power saving study before further input is provided by SA.

Conclusion 
All the proposed PDCCH monitoring adaptation/reduction schemes including those for jitter handling need to be compared against the Rel-17 PDCCH monitoring adaptation which is to be used as performance reference.

Conclusion 
UE transmission and reception alignment for Issue 3-1 is deprioritized for power saving in Rel-18 XR SI.

Conclusion
RAN1 does not assume dynamic switch of different XR video data rates or frame rates for Rel-18 XR power saving study before further input is provided by SA.

For future meetings
Companies are encouraged to account the enhancement of CDRX to align with XR traffic periodicity in their further evaluations for XR power saving enhancements.  

Conclusion: 
· Companies are requested to use the Excel sheet attached with TR 38.838 in RP-213652  for recording the simulation results that are provided in their contributions.



In this contribution, as per the above conclusions and agreement, we further discuss the potential techniques for XR specific power saving enhancement, followed by our evaluation results.
2. Clarification on the jitter assumption for R18 XR study
Currently how to provide jitter information to RAN is being discussed in SA2. If jitter statistics (e.g. range of jitter) can be provided by SA2, they will be useful to RAN for UE power savings, e.g. in configurating DRX on duration and start offset. 
The detailed value of jitter range could be based on SA4 input. In R17 XR study, the jitter model was discussed in RAN1 #104-e and #104bis-e meetings based on the trace and configuration files provided in the LS from SA4 #111e-meeting [2]. The jitter distribution for R17 XR study derived from P-trace files by SA4 (S4aV200634 [3]) is shown in Table 1. 
[bookmark: _Ref111125505]Table 1. Jitter distribution for R17 XR study derived from P-trace files by SA4 (S4aV200634)
	
	VR 2-1
	VR 2-3

	Mean (ms)
	0
	0

	STD (ms)
	2.77
	2.76

	Min (ms)
	-5.39
	-5.39

	Max (ms)
	5.08
	5.45

	Jitter range (ms)
	[-4.1, 4.3]
	[-4.1, 4.43]

	jitter range = [5%-tile in CDF, 95%-tile in CDF] ms


According to the analysis on the traces from SA4 [2], for R17 XR evaluation, the following jitter distribution has been agreed to model and we here quote the Table 5.1.1.2-1 in TR 38.838 [4]. 
Table 5.1.1.2-1: Statistical parameters for jitter (TR 38.838)
	Parameter
	unit
	Baseline value for evaluation
	Optional value for evaluation

	Mean
	ms
	0
	

	STD
	ms
	2
	

	Truncation range
	ms
	[-4, 4]
	[-5, 5]



In SA4, XR traffic characteristics are being further studied in the ongoing SI FS_XRTraffic and a LS [5] on Status Update on XR Traffic was sent to RAN1 in SA4#113-e meeting. 
And therefore, we notice that in the attached Permanent Document (S4-210614) from SA4 in the LS [5], the XR video traces and configurations files in SA4 study were updated. Since RAN1 already made agreement on adopting statistics model for the packet and jitter for XR evaluation by RAN1 #104-e, the updated of traces and configurations in the LS [5] was not taken into account for Rel-17 XR SI. In R18 XR SI, XR specific power saving and capacity improvement techniques to accommodate XR traffic characteristics including jitter will be studied. It is necessary to consider the realistic XR traffic characteristics based on SA4’s latest input to study XR-specific techniques. 
We did some analyses based on the traces and configurations files according to the latest permanent document of TR26.926 [5]. Figure 1 shows the timing of V-trace, S-trace and P-trace according to SA4’s input.


[bookmark: _Ref111125439]Figure 11. Example of timing of V-trace, S-trace and P-trace
· Point A: Time stamp of a frame in V-trace
· Point B: Time stamp of the first slice for the frame in S-trace
· Point C: Time stamp of the last slice for the frame in S-trace
· Point D: Time stamp of the first IP packet for the frame in P-trace
· Point E: Time stamp of the last IP packet for the frame in P-trace
Figure 2 shows the distribution of delay from the frame generation time to the time when its last IP packet arrives at the RAN side, i.e., Point E – A for each frame, and Table 2 shows the corresponding distribution of jitter. It can be observed that based on the latest trace files, the maximum jitter is approximately ranging from -18ms to +18ms depending on the configurations, as shown in Appendix C. Considering the range truncated by 5%-tile and 95%-tile in CDF, the stable jitter range is around [-8 ms, +8ms], which is larger than the jitter range (i.e. [-4ms, 4ms]) agreed in R17 XR SI.

[bookmark: _Ref111126712]Figure 2. The statistic by using the P-trace data from SA4
[bookmark: _Ref111126728]Table 24. Jitter distribution deriving from the latest P-trace files provided by SA4
	Parameter
	VR 2-1
	VR 2-2
	VR 2-3
	VR 2-4
	VR 2-5
	VR 2-6
	VR 2-7
	VR 2-8

	Mean (ms)
	0
	0
	0
	0
	0
	0
	0
	0

	STD (ms)
	4.96
	5.00
	4.85
	4.89
	5.31
	4.02
	5.19
	5.18

	Min (ms)
	-15.89
	-16.00
	-11.87
	-11.96
	-18.95
	-14.40
	-16.48
	-16.18

	Max (ms)
	+11.27
	+10.30
	+10.10
	+10.51
	+18.69
	+8.08
	+11.59
	+11.13

	Jitter range (ms)
	[-8.39, +7.89]
	[-8.42, +7.91]
	[-8.26, +7.69]
	[-8.30, +7.77]
	[-8.74, +8.42]
	[-7.05, +6.24]
	[-8.82, +8.19]
	[-8.79, +8.20]

	jitter range = [5%-tile in CDF, 95%-tile in CDF] ms



It can be seen that the jitter range derived based on the latest P-trace files is different from that used for R17 XR study derived from P-trace files by SA4 (S4aV200634 [3]). By further checking the trace and configuration files, it seems that there are different parameters in the configurations, which may result in the differences between the latest P-trace and the previous ones. 
We note that the traces from SA4 are generated based on typical configurations. Hence, it is reasonable to consider the XR traffic characteristics based on the latest P-trace files. 
As analysed above, jitter model in accordance with the latest SA4’s inputs in TR 26.926 [5] needs to be considered for R18 XR study, e.g., [-8ms, +8ms]. We performed evaluation on the power saving schemes using both the R17 jitter the larger jitter range assumptions, as shown in the section 4. It is observed that there is negligible capacity loss with larger jitter range, and there could be different power saving gains with different jitter ranges. Details of evaluation can be found in section 4.
Observation 1: With larger jitter range, there is negligible capacity loss.
Proposal 1: For R18 XR study, jitter model in accordance with the SA4’s inputs in TR 26.926 should be considered, e.g. jitter range of [-8ms, +8ms]. 
3. C-DRX enhancement for non-integer traffic periodicity
1. 
2. 
3. 
In the last e-meeting, a solution for enhancement of CDRX to align with XR traffic periodicity was agreed to be identified. Due to the regularity of XR traffic pattern, it is feasible enough to align DRX cycle with the non-integer traffic periodicity via semi-static approach. It should be noted that the higher layer signalling based DRX enhancements need to be studied in conjunction with RAN2. However, DCI-based CDRX adjustment seems to have no additional benefit for solving non-integer traffic periodicity. To make matters worse, adopting DCI-based approach to solve the non-integer periodicity issue will give rise to more control signalling overhead. 
Observation 2: DCI-based approach as solution to non-integer periodicity issue will introduce more control signalling overhead and spec impact. 
Additionally, in the previous meeting discussion, many companies held the view that the biggest benefit to study DCI-based CDRX adjustment is to solve both non-integer traffic periodicity issue and jitter issue. But, in accordance with the conclusion agreed in the last meeting, RAN1 does not assume instantaneous jitter value for a frame is predictable for Rel-18 XR SI power saving study before further input is provided by SA. That is, DCI-based DRX adjustment is unavailable for jitter handling for the reason of unpredictable jitter. Having said that, the study on DCI-based CDRX adjustment should be deprioritized for R18 XR.
Proposal 2: Support semi-static based DRX enhancements to accommodate the non-integer XR traffic periodicity.
3.1 Semi-static alignment between C-DRX and XR traffic periodicity
According to the XR traffic frame rate, we can convert the unit of FPS into the unit of millisecond. Taking the typical 60FPS as an example, by simplifying the numerator and denominator to interprime, there appears an integer value which is multiple of traffic periodicity, i.e., 50ms. During the 50ms, three traffic bursts (e.g., frame) will arrive.
 for 60FPS
As shown in Approach 1 of Figure 3, a DRX cycle set/pattern can be configured by the network. Within a DRX cycle set, there can be multiple DRX cycles with same or different periodicities. For example, there are three DRX cycles and the length of them are {16ms, 17ms, 17ms}, respectively. This DRX pattern can be repeated throughout the time domain. Besides, in Approach 2 of Figure 3, multiple DRX configurations can be another way to solve the mismatch issue. The length of DRX cycle for all the DRX configurations are the same and equal to an integer value, e.g. 50ms. And the difference between the multiple DRX configurations is only the values of drx-startoffset, which aims to match the three frames’ arrival time within per integer DRX cycle. In addition, another potential approach shown in Approach 3 of Figure 3 is to configure three DRX ondurations per integer DRX cycle to match every three frames’ arrival. Actually, both these approaches can solve the mismatch issue and achieve the same power saving effect, but different spec modification workload may cause. In our view, RAN2 should be in charge of the specific spec design for this part.

 
Figure 3. Three DRX configuration approaches to solve the mismatch issue
Observation 3: The following potential semi-static solutions to align DRX cycle with XR traffic periodicity can be considered.
· Approach 1: Configure DRX cycle set/pattern and each DRX cycle set contains multiple DRX cycles e.g., {16ms, 17ms, 17ms}. And apply the DRX cycle set cyclically in the time domain.
· Approach 2: Multiple DRX configurations with different drx-StartOffset values.
· Approach 3: Single DRX configuration and one DRX cycle can contain multiple DRX ondurations.
4. C-DRX and PDCCH monitoring enhancement for jitter handling
According to the conclusions in the RAN1#110 meeting, RAN1 does not assume instantaneous jitter value for a frame is predictable for Rel-18 XR SI power saving study before further input is provided by SA. Hence, the potential jitter handling can only depend on the statistics jitter information.
In this section, based on the assumption of statistics jitter information, the following jitter handling schemes are discussed.
a) Existing R17 PDCCH monitoring adaptation
b) Low power-wake up signal (LP-WUS) based jitter handling
c) Other potential jitter handling schemes
4. 
4.1 R17 PDCCH monitoring adaptation
[bookmark: _Hlk101864346]Leveraging R17 search space set group (SSSG) switching indication, as depicted in Figure 4, to handling jitter, UE can be switched to the default SSSG with sparse PDCCH monitoring periodicity via the expiration of searchSpaceSwitchTimer-r17 or explicitly SSSG switching indication. Once UE detect a scheduling PDCCH (which implicitly indicate the arrival of the traffic burst), UE can automatically switch to dense SSSG for data transmission. After that, a PDCCH skipping indication can be indicated to UE at a proper time. In this sense, the existing R17 SSSG switching indication can  reduce the unnecessary power consumption caused by jitter. 


Figure 4. Jitter handling method based on R17 PDCCH monitoring adaptation
Observation 4: R17 PDCCH monitoring adaptation can reduce unnecessary power consumption caused by jitter.
4.2 LP-WUS based jitter handling
[bookmark: _Hlk109814134]In order to totally reduce the unnecessary power consumption caused by jitter, replacing PDCCH monitoring with LP-WUS detection before data arrival can be studied, so that the UE will be on-demand waked up only when LP-WUS is detected. 
As shown in Figure 5 (b), after aligning C-DRX cycle to XR traffic periodicity, to further reduce the unnecessary PDCCH monitoring during the jitter range (covered by DRX onduration), LP-WUS monitoring occasions (MOs) need to be configured within DRX active time. And UE will firstly detect LP-WUS on the LP-WUS MOs from the beginning of the DRX onduration. When XR traffics arrive at the network side, LP-WUS will be sent to wake up the UE. After detecting the LP-WUS, the UE just start to monitor PDCCH. Compared to the existing R17 search space set group (SSSG) switching depicted in Figure 5 (a), by replacing the PDCCH monitoring on the sparse SSSG with LP-WUS detection, UE will have the opportunity to maintain longer sleep therefore achieve power savings.

 
Figure 5. Jitter handling method based on LP-WUS
· Performance evaluation for LP-WUS scheme
As mentioned above, we further perform the system level evaluations for R17 PDCCH monitoring adaptation and LP-WUS schemes based on the assumption detailly provided in Appendix B. Besides, more detailed configurations for each schemes and the full simulation results can be founded in Appendix A.
For the application of LP-WUS in RRC connected mode, the design target of power consumption for LP-WUS monitoring should be no larger than half of that for PDCCH monitoring, i.e. the power consumption during the LP-WUS monitoring state should be 50 power units/slot or less. The specific design for LP-WUS and receiver structure can be discussed further, including using main receiver or separate receiver for LP-WUS monitoring. Taking the implementation of LP-WUS detection by separate receiver as an example, the power consumption of LP-WUS receiver can be in the micro Watt magnitude according to the investigation of LP-WUS receiver based on IEEE standard 802.11ba [6]. Due to the ultra-lightweight power of LP-WUS receiver, the power consumption of main receiver accounts for most of the total power consumption during LP-WUS monitoring. From latency perspective, due to the stringent PDB of XR traffic, the main receiver should not be completely powered off. Instead, it needs to be kept in micro or light sleep state during LP-WUS monitoring, so the total relative power for LP-WUS monitoring will be accordingly close to the relative power of micro or light sleep state i.e., 20 or 45 with no or less wake-up latency. 

Figure 6. Power saving gain for R17 PDCCH monitoring adaption and LP-WUS schemes

Figure 7. System capacity for R17 PDCCH monitoring adaption and LP-WUS schemes
As shown in Figure 6, compared to always-On scheme, with configuring the enhanced DRX for non-integer traffic periodicity, R17 PDCCH monitoring adaptation scheme can obtain 10.98% ~ 19.28% power saving gain, while LP-WUS monitoring schemes with main radio enters micro sleep during LP-WUS monitoring can achieve 25% power saving gains. 
Comparing with R17 PDCCH monitoring adaptation scheme, the LP-WUS monitoring schemes can additionally reduce {6%~14%} UE power consumption with no capacity loss as shown in Figure 7. This is because R17 PDCCH monitoring adaptation scheme is unable to totally avoid the unnecessary PDCCH monitoring due to the usage of sparse SSSG before data arrival.
It can be observed that the larger jitter range, the more unnecessary power consumption will be caused by R17 PDCCH monitoring adaptation scheme. The reason for that is the larger the jitter range is equivalent to the greater uncertainty of XR traffic arrival time, thus UE has to do more unnecessary PDCCH monitoring instead of saving power. On the contrary, for LP-WUS/WUR scheme, the jitter range does no impact on the UE power consumption actually.
Observation 5: Due to the usage of sparse SSSG before data arrival, there are still some unnecessary PDCCH monitoring that cannot be completely avoided by R17 PDCCH monitoring adaptation.
Observation 6: The power saving gain by R17 PDCCH monitoring adaptation will decrease with the increase of jitter range. 
Observation 7: Compared to R17 PDCCH monitoring adaptation scheme, LP-WUS based jitter handling scheme can provide up to 14% additional power saving gain with no capacity loss.
Proposal 3: Capture LP-WUS as one candidate solution for jitter handling solutions in TR 38.835.
4.3 Others jitter handling schemes
As per the feature lead summary given based on the discussion of last meeting [7], there are another two potential jitter handling schemes, two-stage CDRX scheme proposed by [8] and additional On-Duration scheme proposed by [9]. In the following, we perform the evaluations for these two schemes and compared them with the existing R17 PDCCH monitoring adaptation scheme respectively. The simulation assumptions are provided in Appendix B.
· Performance evaluation for Two-stage CDRX scheme
[bookmark: _Hlk115076714]Table 3 provides the performance comparison of the two-stage CDRX proposed by [8] and R17 PDCCH monitoring adaptation scheme. Compared to the existing R17 PDCCH monitoring adaptation, two-stage CDRX scheme will result in 1.84% ~ 5.48% additional UE power consumption due to the lack of flexible PDCCH monitoring adaptation. Besides, two-stage CDRX also obtains a little worse capacity than R17 PDCCH monitoring adaptation in high load case. 
	Power saving scheme
	DRX configuration
(Cycle_ODT_IAT) ms
	avg # UEs/ cell = N1
	C1=floor
(Capacity)
	% of satisfied UEs when #UEs/cell = N1
	Power saving gain (%)
	Notes

	AlwaysOn
	-
	5
	10
	100%
	-
	

	R17 PDCCH monitoring adaptation
	16.67_10_4
	5
	10
	100%
	23.36%
	Note1

	
	16.67_10_4
	5
	10
	100%
	25.39%
	Note2

	Two-stage CDRX
	Outer CDRX:
16.67_10_4
Inner CDRX:
4_2_4
	5
	10
	100%
	21.52%
	Note3

	AlwaysOn
	-
	10
	10
	92.50%
	-
	

	R17 PDCCH monitoring adaptation
	16.67_10_4
	10
	10
	92.22%
	19.28%
	Note1

	
	16.67_10_4
	10
	10
	88.52%
	21.84%
	Note2

	Two-stage CDRX
	Outer CDRX:
16.67_10_4
Inner CDRX:
4_2_4
	10
	10
	86.89%
	16.36%
	Note3

	Note1: doing PDCCH monitoring every 2 slots in sparse SSSG before data arrive
Note2: doing PDCCH monitoring every 4 slots in sparse SSSG before data arrive
Note3: 4ms CDRX cycle and 2ms ODT for inner CDRX


Table 3. Evaluation results in FR1 DL Indoor Hotspot with 30Mbps traffic model

Observation 8: Compared to the existing R17 PDCCH monitoring adaptation scheme, two-stage CDRX scheme has slightly worse performance results in terms of power saving gain and capacity.
· [bookmark: _Hlk114995303][bookmark: OLE_LINK1]Performance evaluation for additional On-Duration scheme
Table 4 provide the performance comparison between the additional On-Duration scheme proposed by [9] and R17 PDCCH monitoring adaptation scheme. Compared to the existing R17 PDCCH monitoring adaptation, additional On-Duration scheme will cause 4.6% additional UE power consumption due to the lack of flexible PDCCH monitoring adaptation. Besides, the additional On-Duration scheme also obtains a little worse capacity than R17 PDCCH monitoring adaptation in high load case. 

Table 4. Evaluation results in FR1 DL Indoor Hotspot with 30Mbps traffic model
	Power saving scheme
	DRX configuration
(Cycle_ODT_IAT) ms
	avg # UEs/ cell = N1
	C1=floor
(Capacity)
	% of satisfied UEs when #UEs/cell = N1
	Power saving gain (%)
	Notes

	AlwaysOn
	-
	5
	10
	100%
	-
	

	R17 PDCCH monitoring adaptation
	16.67_10_4
	5
	10
	100%
	23.36%
	Note1

	Additional On-Duration 
	16.67_4_4
	5
	10
	100%
	18.73%
	Note2

	AlwaysOn
	-
	10
	10
	92.50%
	-
	

	R17 PDCCH monitoring adaptation
	16.67_10_4
	10
	10
	92.22%
	19.28%
	Note1

	Additional On-Duration (4ms)
	16.67_4_4
	10
	10
	91.49%
	14.68%
	Note2

	Note1: doing PDCCH monitoring every 2 slots in sparse SSSG before data arrive
Note2: Additional onduration length is 4ms



Observation 9: Compared to the existing R17 PDCCH monitoring adaptation scheme, additional On-Duration scheme has slightly worse performance results in terms of power saving gain and capacity.
5. PDCCH skipping and interaction with HARQ retransmission
[bookmark: _Hlk115422663]In R17 power saving WI, due to limited time, PDCCH skipping interaction with HARQ retransmission was not supported. And as per the last meeting’s agreements for R17 power saving, if the network indicates a PDCCH skipping, the UE performs PDCCH skipping immediately regardless of whether drx-ReTransmissionTimer is started. That is, the UE does not resume PDCCH monitoring for retransmission during the whole skipping duration. Obeying this principle, for power saving purpose, one implementation as depicted in Option 1 of Figure 8 is that the network indicates PDCCH skipping in the DCI that schedules the initial PDSCH transmission of the last DL packet of an XR traffic burst, thus the UE will immediately skip PDCCH until the start of the next DRX onduration. By this way, if there is any NACK feedback due to decoding failure, the network cannot schedule the corresponding retransmission until the PDCCH skipping ends at the UE side. This will obviously cause come capacity impact because the failed packet without retransmission opportunities will likely be discarded due to exceeded PDB. To satisfy the capacity requirement, as shown in Option 2 of Figure 8, another implementation is that the network indicates PDCCH skipping after all the HARQ-ACK processes of transmissions have been completed. Since the PDCCH skipping indication can only be transmitted by scheduling DCI, the network has to schedule a ‘dummy PDSCH’ with the expectation of NACK from the UE. Although the capacity could be guaranteed by this way, plenty of unnecessary PDCCH monitoring will be caused accordingly as well. 
Observation 10: The existing R17 PDCCH skipping indication will cause either capacity loss or unnecessary PDCCH monitoring.


Figure 812. Potential network implementation of PDCCH skipping indication using Rel-17 specification


Figure 9. Example of PDCCH skipping and interaction with HARQ retransmission
In order to achieve a better trade-off between power saving and capacity by adopting PDCCH skipping, it is necessary to tackle HARQ retransmission occurring in PDCCH skipping duration.
Two potential solutions for the interaction between PDCCH skipping and HARQ retransmission are provided in the following:
· Solution 1: As depicted in Figure 9, if there is any NACK feedback during the skipping duration, UE is required to resume the PDCCH monitoring for corresponding retransmission within the drx-retransmissiontimer. 
· Solution 1-1: On top of solution 1, the network can dynamically enable or disable the HARQ interaction for the indicated PDCCH skipping, according to the remaining PDB, the importance of the transmission or the probability of decoding failure (e.g. link quality).
· Performance evaluation for PDCCH skipping and interaction with HARQ retransmission
The system level simulation results of enhanced PDCCH skipping andwith HARQ interaction with HARQ retransmission scheme and two implementations of existing R17 PDCCH skipping scheme are presented in Figure 10. Compared with the two implementations of , Figure 11 and Figure 12. For existing R17 PDCCH skipping scheme, upOption 1, the network cannot schedule the corresponding retransmission after initial PDSCH transmission of the last DL packet of an XR traffic burst. Therefore a conservative MCS has to 13% additional power saving gain or expectedbe allocated to minimize the initial BLER and guarantee the successful transmission of data. 
As shown in the following, the system capacity increase can be obtained by the with 1% and 10% initial BLER are evaluated. And the results of X =95 and X=99 are presented, respectively, where a UE will be declared as the satisfied UE if no less than X% of packets are successfully delivered within a given air interface PDB. In this evaluation, the enhanced PDCCH skipping with HARQ interaction with PDCCH skipping. Hence, it is verifiedmodelled as solution 1 mentioned above. (i.e. if there is any NACK feedback during the skipping duration, UE is required to resume the PDCCH monitoring for corresponding retransmission within the drx-retransmissiontimer.) 
It can be seen that much better trade-offfrom power saving perspective, existing R17 PDCCH skipping provides significant power saving gain, and similar power saving gain can be obtained by enhanced PDCCH skipping with HARQ interaction scheme, while the “dummy PDSCH” option as provided by existing PDCCH skipping performs worst due to unnecessary additional PDCCH monitoring. 
From XR capacity perspective, it can be seen that
· For 10% initial BLER case, the “dummy PDSCH” option provided by existing PDCCH skipping and enhanced PDCCH skipping with HARQ interaction achieve capacity performance close to the “AlwaysOn” scheme, while the capacity of existing PDCCH skipping with option 1 is poor, due to the significant impact for retransmissions
· For 1% initial BLER case, the “dummy PDSCH” option provided by existing PDCCH skipping and enhanced PDCCH skipping with HARQ interaction still show capacity performance close to the “AlwaysOn” scheme. The capacity performance of existing PDCCH skipping with option 1 is recovered, due to less retransmission events than 10% initial BLER case, when X=95. 
Compared with the two implementations of existing R17 PDCCH skipping scheme, the enhanced PDCCH skipping with HARQ interaction provides a good balance between power saving and capacity can be achieved by it. 

[image: ]
Figure 10. Power saving gain of VR/AR 30Mbps in InH scenario
[image: ]
Figure 11. System capacity of VR/AR 30Mbps in InH scenario

[image: ]
Figure 12. System capacity of VR/AR 30Mbps in InH scenario
Observation 11: Compared with the existing R17 PDCCH skipping indication, the enhanced PDCCH skipping with HARQ retransmission interaction can obtain 13% additional provides good balance between power saving gain or expectedand system capacity increase.
Proposal 4: Support the PDCCH skipping with HARQ retransmission interaction by the following solutions:
· Solution 1: If there is any NACK feedback during the skipping duration, UE is required to resume the PDCCH monitoring for corresponding retransmission within the drx-retransmissiontimer. 
· Solution 1-1: On top of solution 1, the network can dynamically enable or disable the HARQ interaction for the indicated PDCCH skipping, according to the remaining PDB, the importance of the transmission or the probability of decoding failure (e.g. link quality).
In additional, by adopting the schemes of both PDCCH skipping interaction with HARQ retransmission and LP-WUS jitter handling, 40.08%~43.84% and 36.07%~38.47% total power saving gains can be obtained in low load and high load, respectively, and without capacity loss. The detailed results are presented in the Table I in Appendix A.
Observation 12: By adopting the schemes of both PDCCH skipping interaction with HARQ retransmission and LP-WUS jitter handling, 40.08%~43.84% and 36.07%~38.47% total power saving gains can be obtained in low load and high load, respectively, and without capacity loss.
6. Text proposal of TR 38.835
=========================Start of Text proposal of TR 38.835==============================
…Omitted part…
5.2	 Power Saving Techniques
5.2.1 Techniques for handling jitter
Potential PDCCH monitoring enhancement techniques for handling jitter in this study are summarized as follows,
· PDCCH monitoring adaptation enhancements based on Rel-17 PDCCH skipping and sparse/dense SSSG switching
The UE performs sparse PDCCH monitoring during the active time. Once a scheduling DCI is detected, the UE switches to dense PDCCH monitoring. In case indicated by gNB, e.g. by DCI scheduling the last packet of a burst, the UE will skip the PDCCH monitoring until the possible arrival time of the next burst.
· Low power wake-up signal (LP-WUS) triggered PDCCH monitoring
The UE performs LP-WUS detection during active time or outside active time, and triggers PDCCH monitoring once LP-WUS is received. The UE power consumption of LP-WUS monitoring is lower than that of PDCCH monitoring (e.g. 50% reduction) with limited wake-up latency.
5.2.2 Techniques for PDCCH skipping and interaction with HARQ retransmission
Potential enhancement techniques for PDCCH skipping and interaction with HARQ retransmission are summarized as follows,
· Solution 1: If there is any NACK feedback during the skipping duration, UE is required to resume the PDCCH monitoring for corresponding retransmission within the drx-retransmissiontimer. 
· Solution 1-1: On top of solution 1, the network can dynamically enable or disable the HARQ interaction for the indicated PDCCH skipping, according to the remaining PDB, the importance of the transmission or the probability of decoding failure (e.g. link quality).
[bookmark: _Toc101339997]Annex A:
Evaluation Methodology
Rel-17 evaluation methodology for XR power saving captured in [4] is used as the baseline evaluation methodology for UE power saving evaluation of Rel-18 XR.
…Omitted part…
=========================End of Text proposal of TR 38.835==============================
Proposal 5: Capture the above text proposal into R18 XR TR 38.835.
7. Conclusion
In this contribution, we provide our views on XR specific power saving enhancements with the following observations and proposals:
Observation 1: With larger jitter range, there is negligible capacity loss.
Observation 2: DCI-based approach as solution to non-integer periodicity issue will introduce more control signalling overhead and spec impact. 
Observation 3: The following potential semi-static solutions to align DRX cycle with XR traffic periodicity can be considered.
· Approach 1: Configure DRX cycle set/pattern and each DRX cycle set contains multiple DRX cycles e.g., {16ms, 17ms, 17ms}. And apply the DRX cycle set cyclically in the time domain.
· Approach 2: Multiple DRX configurations with different drx-StartOffset values.
· Approach 3: Single DRX configuration and one DRX cycle can contain multiple DRX ondurations.
Observation 4: R17 PDCCH monitoring adaptation can reduce unnecessary power consumption caused by jitter.
Observation 5: Due to the usage of sparse SSSG before data arrival, there are still some unnecessary PDCCH monitoring that cannot be completely avoided by R17 PDCCH monitoring adaptation.
Observation 6: The power saving gain by R17 PDCCH monitoring adaptation will decrease with the increase of jitter range. 
Observation 7: Compared to R17 PDCCH monitoring adaptation scheme, LP-WUS based jitter handling scheme can provide up to 14% additional power saving gain with no capacity loss.
Observation 8: Compared to the existing R17 PDCCH monitoring adaptation scheme, two-stage CDRX scheme has slightly worse performance results in terms of power saving gain and capacity.
Observation 9: Compared to the existing R17 PDCCH monitoring adaptation scheme, additional On-Duration scheme has slightly worse performance results in terms of power saving gain and capacity.
Observation 10: The existing R17 PDCCH skipping indication will cause either capacity loss or unnecessary PDCCH monitoring.
[bookmark: _GoBack]Observation 11: Compared with the existing R17 PDCCH skipping indication, the enhanced PDCCH skipping with HARQ retransmission interaction can obtain 13% additionalprovides good balance between power saving gain or expectedand system capacity increase.
Observation 12: By adopting the schemes of both PDCCH skipping interaction with HARQ retransmission and LP-WUS jitter handling, 40.08%~43.84% and 36.07%~38.47% total power saving gains can be obtained in low load and high load, respectively, and without capacity loss.
Proposal 1: For R18 XR study, jitter model in accordance with the SA4’s inputs in TR 26.926 should be considered, e.g. jitter range of [-8ms, +8ms]. 
Proposal 2: Support semi-static based DRX enhancements to accommodate the non-integer XR traffic periodicity.
Proposal 3: Capture LP-WUS as one candidate solution for jitter handling solutions in TR 38.835.
Proposal 4: Support the PDCCH skipping with HARQ retransmission interaction by the following solutions:
· Solution 1: If there is any NACK feedback during the skipping duration, UE is required to resume the PDCCH monitoring for corresponding retransmission within the drx-retransmissiontimer. 
· Solution 1-1: On top of solution 1, the network can dynamically enable or disable the HARQ interaction for the indicated PDCCH skipping, according to the remaining PDB, the importance of the transmission or the probability of decoding failure (e.g. link quality).
Proposal 5: Capture the above text proposal into R18 XR TR 38.835.
References
[1] [bookmark: _Hlk111207560][bookmark: _Hlk111207905]Chairman’s Notes of RAN1 #109-e v0.3.0, RAN1 #109-e, May 9 - 20, 2022.
[2] R1-2101765, LS to on XR-Traffic Models, SA4 #111e, Nov.11-20, 2020.
[3] S4aV200634, 	[FS_XRTraffic] Traces and Configurations for VR2, CG and AR2, Qualcomm Incorporated, Mediatek.
[4] 3GPP TR 38.838 V17.0.0 (2021-12), Study on XR (Extended Reality) Evaluations for NR (Release 17).
[5] R1-2104023, LS on Status Update on XR Traffic, RAN1 #104bis-e meeting, E-meeting, 12 – 20 April 2021.
[6] 802.11ba-2021 - IEEE Standard for Information Technology--Telecommunications and Information Exchange between Systems--Local and Metropolitan Area Networks-Specific Requirements--Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications - Amendment 3: Wake-Up Radio Operation.
[7] R1-2207833, Final Moderator Summary on XR power saving, Qualcomm Incorporated, RAN1 #110, 22 – 26 August 2022.
[8] R1-2205916, Discussion on power saving enhancements for XR, Ericsson, RAN1 #110, 22 – 26 August 2022.
[9] R1-2206328, Discussion on XR specific power saving techniques, OPPO, RAN1 #110, 22 – 26 August 2022.
Appendix A – Evaluation results for power saving schemes
Based on the power saving schemes analyzed above, we further provide our detailed simulation results in the form of table in this section. For the system-level simulation of the power saving mechanism, the power saving gain and the system capability should be jointly taken into consideration, and the detailed evaluation methodology and traffic model are defined in TR38.838 [4]. The DL single-stream video of VR/AR application with 60FPS, 30Mbps/45Mbps is evaluated for the FR1 indoor hotspot scenario. The overall simulation assumptions and traffic models used can be found in Appendix B. 
AlwaysOn (i.e., without adopting any power saving schemes) is assumed as the baseline scheme. Besides, the R15/16 DRX configuration (i.e., R15/16 DRX) is also evaluated for reference. Due to non-integer XR traffic periodicity, to guarantee system capacity performance, the extremely long length of drx-onDurationTimer should be configured. As we mentioned before, to align non-integer DRX cycle with traffic arrival, the enhanced DRX scheme is configured. After configuring the enhanced DRX, R17 PDCCH monitoring adaptation scheme and LP-WUS scheme are also evaluated for jitter handling, under different jitter range. In additional, PDCCH skipping and interaction with HARQ retransmission scheme which can further reduce unnecessary PDCCH monitoring is also simulated. The corresponding simulation results are listed in Table I.
R17 PDCCH monitoring adaptation scheme includes both PDCCH skipping indication and SSSG switching indication, and its key assumptions are listed below:
· Default/sparse SSSG: do PDCCH monitoring in every two slots;
· Dense SSSG: do PDCCH monitoring in every slot. 
· Two candidate PDCCH skipping durations: 4ms and 6ms. 
· Enhanced DRX (i.e., aligning DRX cycle with non-integer traffic periodicity) is also configured and the length of DRX onduration is equal to the jitter range.
· PDCCH skipping is indicated in the DCI scheduling the initial PDSCH transmission or scheduling a dummy PDSCH after all the HARQ-ACK processes of transmissions have been completed.
For LP-WUS monitoring scheme, the key assumptions are introduced below:
· The LP-WUS monitoring is performed within DRX onduration.
· The main receiver enters into the micro sleep when doing the LP-WUS monitoring.
· Based on the analysis in Section 4.3, in simulation, the total relative power for LP-WUS monitoring is assumed as 45 power units. 
· And the latency from receiving LP-WUS to be ready for PDCCH monitoring is set to 1 slot. 
· R17 PDCCH skipping indication is adopted. And three candidate PDCCH skipping durations are 2ms, 4ms and 6ms respectively.
· Enhanced DRX (i.e., aligning DRX cycle with non-integer traffic periodicity) is also configured and the length of DRX onduration is equal to the jitter range.
For PDCCH skipping and interaction with HARQ retransmission scheme, the key assumptions are introduced below:
· Based on R17 PDCCH skipping adaptation scheme.
· PDCCH skipping indication is carried by DCI that schedules the last initial HARQ transmission of the data in one traffic period or schedules HARQ retransmission.
· if there is any NACK feedback during the skipping duration, UE is required to resume the PDCCH monitoring for corresponding retransmission within the drx-retransmissiontimer.
[bookmark: _Hlk111208268][bookmark: _Hlk111134044]Table I. Power consumption results in FR1 DL Indoor Hotspot with 30Mbps traffic model
	Power saving scheme
	DRX configuration
(Cycle_ODT_IAT ms)

	avg # UEs/ cell = N1
	C1=floor
(Capacity)
	% of satisfied UEs when #UEs/cell = N1
	Power saving gain (%)
	Notes

	AlwaysOn
	-
	5
	10
	100%
	-
	Note1

	R15/16 DRX 
	16_14_4
	5
	10
	100%
	3.67%
	Note1

	
	10_8_4
	5
	10
	100%
	5.72%
	Note1

	
	4_3_1
	5
	10
	100%
	4.63%
	Note1

	
	16_8_4
	5
	10
	11.67%
	19.71%
	Note1

	
	10_5_2
	5
	10
	78.33%
	15.41%
	Note1

	
	10_4_2
	5
	10
	52.22%
	22.17%
	[bookmark: OLE_LINK3]Note1

	Enhanced DRX 
	16.67_8_4
	5
	10
	100%
	13.05%
	Note1

	R17 PDCCH monitoring adaptation
	16.67_8_4
	5
	10
	100%
	23.36%
	Note1,8

	
	16.67_8_4
	5
	10
	100%
	18.73%
	Note2,8

	
	16.67_8_4
	5
	10
	100%
	14.64%
	Note3,8

	
	16.67_8_4
	5
	10
	100%
	11.44%
	Note4,8

	LP-WUS scheme
	16.67_8_4
	5
	10
	100%
	30.21%
	Note1,5,8,9

	
	16.67_8_4
	5
	10
	100%
	28.89%
	Note2,5,8,9

	
	16.67_8_4
	5
	10
	100%
	28.29%
	Note3,5,8,9

	
	16.67_8_4
	5
	10
	100%
	29.23%
	Note4,5,8,9

	
	16.67_8_4
	5
	10
	100%
	43.84%
	Note1,6,9

	
	16.67_8_4
	5
	10
	100%
	40.08%
	Note3,6,9

	InteractionEnhanced PDCCH skipping with HARQ retransmissioninteraction
	16.67_8_4
	5
	10
	100%
	37.13%
	Note1,7

	
	16.67_8_4
	5
	10
	100%
	26.98%
	Note3,7

	AlwaysOn
	-
	10
	10
	92.50%
	-
	Note1

	
	-
	10
	10
	97.45%
	-
	Note1,12

	
	-
	10
	10
	93.12%
	-
	Note1,11

	
	-
	10
	10
	97.45%
	-
	Note1,11,12

	R15/16 DRX
	16_14_4
	10
	10
	91.81%
	3.46%
	Note1

	
	10_8_4
	10
	10
	91.25%
	5.10%
	Note1

	
	4_3_1
	10
	10
	91.68%
	4.03%
	Note1

	
	16_8_4
	10
	10
	2.78%
	18.21%
	Note1

	
	10_5_2
	10
	10
	45.00%
	13.10%
	Note1

	
	10_4_2
	10
	10
	22.50%
	18.70%
	Note1

	Enhanced DRX
	16_8_4
	10
	10
	91.94%
	10.08%
	Note1

	R17 PDCCH monitoring adaptation
	16.67_8_4
	10
	10
	92.22%
	19.28%
	Note1,8

	
	16.67_8_4
	10
	10
	92.16%
	14.96%
	Note2,8

	
	16.67_8_4
	10
	10
	[bookmark: OLE_LINK2]91.01%
	10.98%
	Note3,8

	
	16.67_8_4
	10
	10
	91.01%
	8.94%
	Note4,8

	
	16.67_8_4
	10
	10
	97.45%
	19.28%
	Note1,8,12

	
	16.67_8_4
	10
	10
	92.78%
	19.48%
	Note1,8,11

	
	16.67_8_4
	10
	10
	97.45%
	19.48%
	Note1,8,11,12

	
	16.67_8_4
	10
	10
	1.11%
	35.21%
	Note1,10

	
	16.67_8_4
	10
	10
	2.22%
	35.21%
	Note1,10,12

	
	16.67_8_4
	10
	10
	2.08%
	32.77%
	Note1,10,11

	
	16.67_8_4
	10
	10
	94.91%
	32.77%
	Note1,10,11,12

	[bookmark: OLE_LINK4]LP-WUS scheme
	16.67_8_4
	10
	10
	92.22%
	25.10%
	Note1,5,8,9

	
	16.67_8_4
	10
	10
	92.20%
	24.08%
	Note2,5,8,9

	
	16.67_8_4
	10
	10
	91.11%
	24.11%
	Note3,5,8,9

	
	16.67_8_4
	10
	10
	91.11%
	25.93%
	Note4,5,8,9

	
	16.67_8_4
	10
	10
	92.22%
	38.47%
	Note1,6,9

	
	16.67_8_4
	10
	10
	92.10%
	36.07%
	Note3,6,9

	InteractionEnhanced PDCCH skipping with HARQ retransmissioninteraction
	16.67_8_4
	10
	10
	92.22%
	32.18%
	Note1,7

	
	16.67_8_4
	10
	10
	92.20%
	22.93%
	Note3,7

	
	16.67_8_4
	10
	10
	97.45%
	32.18%
	Note1,7,12

	
	16.67_8_4
	10
	10
	92.78%
	32.49%
	Note1,7,11

	
	16.67_8_4
	10
	10
	97.45%
	32.49%
	Note1,7,11,12

	Note1: jitter range = [-4, +4]ms
Note2: jitter range = [-6, +6]ms
Note3: jitter range = [-8, +8]ms
Note4: jitter range = [-10, +10]ms
Note5: with R17 PDCCH skipping indication
Note6: with R17 PDCCH skipping indication and interaction with HARQ retransmission
Note7: based on SSSG switching (doing PDCCH monitoring every 2 slots in sparse SSSG before data arrive) and R17 PDCCH skipping 
Note 8: PDCCH skipping is indicated in the DCI that schedules a dummy PDSCH after all the HARQ-ACK processes of transmissions have been completed
Note 9: The total relative power for LP-WUS monitoring is 45
Note10: PDCCH skipping is indicated in the DCI scheduling the initial PDSCH transmission
Note11: initial BLER = 1%
Note12: X = 95



Appendix B – Simulation assumptions
[bookmark: _Ref1208685]Table II. Simulation assumption for FR1 Indoor Hotspot scenario
	Parameter
	value

	Scenarios
	Indoor Hotspot, 12 nodes in 50 m x 120 m

	Channel model
	InH

	Carrier frequency
	4GHz

	Bandwidth 
	100 MHz, 1.72% Guard Band

	Subcarrier spacing
	30 KHz

	Frame structure
	DDDSU (S: 10D:2G:2U)

	BS Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 32T: (4,4,2,1,1;4,4), (dH,dV) = (0.5, 0.5)λ

	UE Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,1/2,2,1,1;1,1/2), 
(dH, dV) = (0.5, N/A) λ

	BS antenna pattern
	Ceiling-mount pattern, 5 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi

	BS Power
	24 dBm per 20MHz

	UE max Power
	23 dBm

	UE Power
	Max Tx power: 23 dBm, (P0 = -80, alpha = 0.8)

	ISD
	20 m

	BS height
	3 m

	UE height
	1.5 m

	Noise Figure
	BS:5 dB, UE:9 dB

	Max MCS
	256QAM

	Device deployment
	100% indoor

	Down-tilt
	90 degrees

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	Target BLER
	10%

	UE speed
	3 km/h



Table III.  The DL video traffic models with 60 FPS adopted in R17 XR SI
	Traffic model
	VR/AR
	VR/AR

	Data rate (Mbps)
	30
	45

	Packet size distribution
	Truncated Gaussian distribution

	Mean packet size (Bytes)
	62500
	93750

	STD of packet sizes (Bytes)
	6562
	9844

	Maximum packet size (Bytes)
	93750
	140625

	Minimum packet size (Bytes)
	31250
	46875

	Packet arrival interval (ms)
	16.67
	16.67

	Packet delay budget (ms)
	10

	Jitter distribution
	Truncated Gaussian distribution

	Jitter Mean (ms)
	0

	Jitter STD (ms)
	2

	Jitter Range (ms)
	[-4, 4]



Appendix C –VR2: XR Split Rendering
The following is a quote from the latest SA4’s inputs in permanent document of TR26.926 [5]. 

	Configuration
	Basic Content Parameters

	VR2-1
	8 slices per eye buffer, 1 slice per frame is intra coded, 30Mbit/s capped VBR with window 200ms, buffer sent at same time, 1500 byte max packet size 

	VR2-2
	8 slices per eye buffer, 1 slice per frame is intra coded, 30Mbit/s capped VBR with window 200ms, buffer sent at same time, unlimited packet size 

	VR2-3
	8 slices per eye buffer, 1 slice per frame is intra coded, 30Mbit/s CBR with window 1 frame, buffer sent at same time, 1500 byte max packet size packets

	VR2-4
	8 slices per eye buffer, 1 slice per frame is intra coded, 30Mbit/s CBR with window 1 frame, buffer sent at same time, unlimited packet size 

	VR2-5
	1 slice per eye buffer, every 8th frame is intra coded, 30Mbit/s capped VBR with window 200ms, buffer sent at same time, 1500 byte max packet size 

	VR2-6
	8 slices per eye buffer, 1 slice per frame is intra coded, 30Mbit/s capped VBR with window 200ms, buffers sent interleaved, 1500 byte max packet size 

	[bookmark: _Hlk63853843]VR2-7
	8 slices per eye buffer, 1 slice per frame is intra coded, ++/*45Mbit/s capped VBR with window 200ms, buffer sent at same time, 1500 byte max packet size 

	VR2-8
	8 slices per eye buffer, 1 slice per frame is intra coded, 45Mbit/s capped VBR with window 200ms, buffer sent at same time, unlimited packet size 



Delay from the frame generation time to the time when its last IP packet arrives at the RAN side (E-A)

VR2-1	16375	21754	22476	22995	23447	23873	24235	24572	24893	25198	25482	25739	25993	26234	26466	26685	26897	27084	27294	27473	27666	27844	28023	28192	28364	28516	28683	28839	29017	29170	29351	29519	29679	29845	30011	30170	30332	30487	30650	30804	30975	31132	31277	31440	31597	31741	31892	32033	32186	32329	32467	32601	32741	32872	33012	33163	33302	33434	33561	33698	33836	33972	34101	34227	34351	34480	34618	34745	34876	35013	35150	35308	35478	35661	35848	36045	36237	36437	36633	36848	37050	37259	37460	37679	37878	38071	38277	38480	38668	38867	39080	39289	39494	39705	39927	40148	40341	40564	40804	41077	43530	VR2-2	16029	21498	22170	22689	23159	23604	23965	24315	24634	24920	25210	25458	25692	25919	26139	26358	26567	26773	26980	27166	27346	27531	27711	27869	28044	28214	28383	28544	28725	28892	29061	29236	29412	29585	29765	29933	30107	30266	30436	30595	30747	30895	31047	31200	31351	31505	31654	31803	31948	32089	32233	32374	32511	32651	32786	32922	33054	33187	33322	33453	33581	33715	33833	33959	34090	34230	34362	34504	34642	34799	34962	35142	35322	35509	35719	35902	36092	36300	36499	36708	36906	37102	37294	37498	37698	37918	38114	38315	38519	38715	38919	39127	39335	39533	39728	39936	40149	40360	40598	40864	42328	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	VR2-3	20881	22398	23113	23666	24106	24493	24817	25152	25460	25782	26060	26321	26565	26821	27052	27268	27489	27684	27882	28067	28258	28432	28612	28778	28939	29095	29260	29420	29578	29736	29897	30058	30223	30389	30559	30710	30865	31024	31171	31334	31487	31635	31785	31933	32090	32246	32392	32541	32673	32811	32958	33096	33233	33385	33526	33659	33788	33914	34039	34170	34282	34422	34547	34677	34792	34914	35044	35177	35304	35434	35581	35736	35903	36067	36253	36439	36639	36837	37038	37245	37446	37647	37859	38068	38250	38450	38651	38850	39056	39255	39458	39650	39848	40045	40243	40443	40639	40836	41045	41325	42846	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	VR2-4	20428	22084	22685	23211	23684	24092	24452	24791	25098	25369	25649	25910	26163	26396	26616	26820	27041	27238	27439	27629	27822	28004	28171	28345	28506	28672	28825	28997	29175	29346	29508	29678	29845	30012	30176	30344	30504	30658	30807	30968	31127	31285	31448	31589	31742	31878	32024	32168	32308	32439	32575	32713	32850	32978	33116	33251	33383	33518	33657	33789	33919	34036	34165	34297	34420	34549	34675	34811	34943	35086	35237	35412	35579	35770	35960	36152	36339	36540	36737	36937	37149	37350	37549	37739	37947	38137	38334	38536	38741	38957	39155	39356	39557	39746	39959	40161	40361	40574	40809	41066	42893	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	VR2-5	15649	23121	24214	24923	25424	25856	26247	26572	26889	27191	27474	27730	27998	28237	28470	28684	28910	29125	29317	29524	29718	29914	30103	30285	30495	30674	30845	31032	31218	31393	31566	31731	31898	32070	32238	32403	32568	32727	32873	33034	33184	33337	33477	33623	33773	33931	34089	34232	34368	34514	34663	34807	34954	35099	35247	35388	35526	35670	35814	35970	36116	36279	36439	36598	36760	36917	37065	37240	37408	37569	37740	37912	38084	38262	38454	38649	38838	39025	39221	39421	39626	39831	40024	40236	40441	40639	40850	41062	41277	41501	41729	41960	42202	42457	42730	43020	43359	43743	44234	44978	53288	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	VR2-6	14209	18923	19951	20593	21145	21565	21941	22278	22566	22837	23099	23335	23555	23770	23966	24164	24354	24546	24726	24896	25060	25226	25387	25532	25678	25816	25960	26105	26236	26368	26498	26616	26744	26869	26994	27121	27245	27375	27499	27623	27745	27859	27972	28092	28211	28324	28438	28553	28665	28774	28883	28988	29098	29205	29306	29412	29511	29612	29719	29833	29941	30052	30170	30287	30413	30536	30656	30777	30896	31014	31136	31251	31373	31497	31614	31731	31849	31965	32078	32194	32314	32429	32545	32666	32798	32942	33108	33280	33462	33659	33853	34040	34242	34447	34654	34852	35063	35267	35480	35724	36687	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	VR2-7	15223	20251	21376	21959	22449	22882	23268	23621	23987	24316	24624	24902	25175	25413	25653	25884	26106	26309	26533	26730	26941	27138	27326	27522	27725	27892	28058	28240	28396	28557	28722	28887	29043	29210	29371	29532	29708	29875	30038	30198	30359	30528	30696	30840	31004	31158	31313	31480	31630	31793	31956	32101	32256	32404	32547	32697	32849	33002	33140	33279	33417	33560	33701	33829	33964	34105	34242	34388	34521	34675	34817	34967	35118	35295	35473	35648	35847	36033	36222	36434	36634	36844	37036	37248	37461	37665	37873	38101	38317	38540	38765	38984	39215	39431	39659	39897	40137	40388	40639	40960	43298	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	VR2-8	15310	20182	21202	21810	22271	22695	23067	23433	23755	24073	24371	24674	24952	25217	25461	25689	25916	26146	26347	26549	26743	26935	27118	27293	27462	27628	27801	27975	28150	28330	28502	28677	28842	29008	29182	29339	29515	29687	29855	30026	30176	30335	30482	30635	30797	30959	31113	31253	31415	31558	31708	31857	32004	32148	32284	32436	32572	32715	32853	32997	33142	33279	33413	33560	33700	33828	33967	34101	34250	34390	34553	34712	34877	35054	35235	35428	35628	35819	36014	36224	36419	36634	36840	37048	37254	37446	37676	37906	38125	38336	38559	38789	38999	39220	39448	39689	39930	40167	40425	40754	42615	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	Delay (μs)
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Power saving gain vs. AlwaysOn

Power saving gain vs. AlwaysOn	
R17 PDCCH monitoring adaptation	LP-WUS/WUR 
scheme	R17 PDCCH monitoring adaptation	LP-WUS/WUR 
scheme	R17 PDCCH monitoring adaptation	LP-WUS/WUR 
scheme	Jitter range: ±4ms	Jitter range: ±6ms	Jitter range: ±8ms	0.1928	0.251	0.14960000000000001	0.24079999999999999	0.10979999999999999	0.24110000000000001	


percentage of statisfied UE with 10UEs/cell (high load)


Power saving gain vs. AlwaysOn	
always-On	R17 PDCCH monitoring adaptation	LP-WUS/WUR
scheme	R17 PDCCH monitoring adaptation	LP-WUS/WUR
scheme	R17 PDCCH monitoring adaptation	LP-WUS/WUR
scheme	Jitter range: ±4ms	Jitter range: ±6ms	Jitter range: ±8ms	0.92500000000000004	0.92220000000000002	0.92220000000000002	0.92159999999999997	0.92200000000000004	0.91010000000000002	0.91110000000000002	


Power saving gain vs. AlwaysOn


Option 1: R17 PDCCH skipping  (by relaxing the BLER target)	Option 2: R17 PDCCH skipping (dummy PDSCH)	R17 PDCCH skipping   interaction with HARQ retransmission	0.25209999999999999	0.1928	0.32179999999999997	
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