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1. Introduction
In RAN1 #110e-bis meeting, the following agreements on R18 XR specific power saving enhancement were agreed [1]:
	Agreement
For enhancement of CDRX to align with XR traffic periodicity (i.e., Issue 1-1)
· Prioritize semi-static solutions
· FFS: Whether dynamic solutions will be also needed

R1-2210338	Moderator Summary#2 on XR specific power saving techniques	Moderator (Qualcomm Incorporated)

Conclusion
“Retransmission-less CG for UL pose transmission (Item 3.3-5)” is a RAN2 issue, leave the discussion to RAN2, RAN1 does not further investigate the issue.
· Note: how to capture evaluation results and findings will be separately discussed
 
Conclusion
RAN1 does not further study jitter handling by LP-WUS (Item 2.2-4) in Rel-18 XR SI
· Note: how to capture evaluation results and findings will be separately discussed
 
Conclusion
In addition to the values for jitter in Table 5.1-2 in TR 38.838, the following statistical parameters for jitter can also be optionally evaluated in Rel-18 XR SI.
· Note: This optional assumption is not applicable to the evaluation of 90 FPS and above
	Parameter
	unit
	Optional value for evaluation

	Mean
	ms
	0

	STD
	ms
	5

	Truncation range
	ms
	[-8, 8]



Conclusion
RAN1 deprioritizes DCP indicated SSSG switching (Item 3.3-4)
· Note: how to capture evaluation results and findings will be separately discussed



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. C-DRX enhancement for non-integer traffic periodicity
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. Whether the core network can provide with the range and frequency of the drift of the centre point of XR traffic arrival to RAN for dynamic adjustment purpose is unknown. To make matters worse, adopting DCI-based approach to solve the non-integer periodicity issue will give rise to more control signalling overhead. 
Observation 1: DCI-based approach as solution to non-integer periodicity issue will introduce more control signalling overhead and spec impact, compared to semi-static based solution. 
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. Hence, the study on DCI-based CDRX adjustment should be deprioritized for R18 XR.
Proposal 1: Recommend semi-static based DRX enhancements to accommodate the non-integer XR traffic periodicity for R18 XR WI. 
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 1, 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 1, 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 1 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 1. Three DRX configuration approaches to solve the mismatch issue
Observation 2: The following semi-static solutions to align DRX cycle with XR traffic periodicity is assumed.
· 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.
Proposal 2: Capture the following simulation results of semi-static C-DRX enhancement for non-integer periodicity scheme in TR 38.835.
Table 1. Results for FR1, MU-MIMO, Indoor Hotspot, DL video (30 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB)
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs

	Always On
	-
	-
	-
	5
	10
	100%
	-

	R15/16 DRX
	16
	14
	4
	5
	10
	100%
	3.67%

	
	10
	8
	4
	5
	10
	100%
	5.72%

	
	4
	3
	1
	5
	10
	100%
	4.63%

	
	16
	8
	4
	5
	10
	11.67%
	19.71%

	
	10
	5
	2
	5
	10
	78.33%
	15.41%

	
	10
	4
	2
	5
	10
	52.22%
	22.17%

	Enhanced DRX 
	16.67
	8
	4
	5
	10
	100%
	13.05%

	Always On
	-
	-
	-
	10
	10
	92.50%
	-

	R15/16 DRX
	16
	14
	4
	10
	10
	91.81%
	3.46%

	
	10
	8
	4
	10
	10
	91.25%
	5.10%

	
	4
	3
	1
	10
	10
	91.68%
	4.03%

	
	16
	8
	4
	10
	10
	2.78%
	18.21%

	
	10
	5
	2
	10
	10
	45.00%
	13.10%

	
	10
	4
	2
	10
	10
	22.50%
	18.70%

	Enhanced DRX 
	16.67
	8
	4
	10
	10
	91.94%
	10.08%


3. Jitter handling solutions
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) The impact with different jitter ranges to power and capacity performance
c) Low power-wake up signal (LP-WUS) based jitter handling
d) Other potential jitter handling schemes
1. 
2. 
3. 
3.1 R17 PDCCH monitoring adaptation
[bookmark: _Hlk101864346]Leveraging R17 search space set group (SSSG) switching indication, as depicted in Figure 2, 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 2. Jitter handling method based on R17 PDCCH monitoring adaptation
Observation 3: R17 PDCCH monitoring adaptation can reduce unnecessary power consumption caused by jitter.
3.1.1 Performance Evaluation with different jitter ranges
According to R17/18 XR evaluation assumption for jitter range, we further evaluate the impact of different jitter ranges to power and capacity performance. 
Table 2. Results for FR1, MU-MIMO, Indoor Hotspot, DL video (30 fps, 30 Mbps, 10 ms PDB)
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Notes

	Always On
	-
	-
	-
	5
	10
	100%
	-
	Note1

	
	-
	-
	-
	5
	10
	100%
	-
	Note2

	
	-
	-
	-
	5
	10
	100%
	-
	Note3

	
	-
	-
	-
	5
	10
	100%
	-
	Note4

	R17 PDCCH monitoring adaptation
	16.67
	8
	4
	5
	10
	100%
	23.36%
	Note1,5,6

	
	16.67
	12
	4
	5
	10
	100%
	18.73%
	Note2,5,6

	
	16.67
	16
	4
	5
	10
	100%
	15.79%
	Note3,5,6

	
	16.67
	16
	4
	5
	10
	100%
	13.91%
	Note4,5,6

	Always On
	-
	-
	-
	10
	10
	92.50%
	-
	Note1

	
	-
	-
	-
	10
	10
	92.33%
	-
	Note2

	
	-
	-
	-
	10
	10
	91.83%
	-
	Note3

	
	-
	-
	-
	10
	10
	90.94%
	-
	Note4

	R17 PDCCH monitoring adaptation
	16.67
	8
	4
	10
	10
	92.22%
	19.28%
	Note1,5,6

	
	16.67
	12
	4
	10
	10
	92.16%
	14.96%
	Note2,5,6

	
	16.67
	16
	4
	10
	10
	91.05%
	12.26%
	Note3,5,6

	
	16.67
	16
	4
	10
	10
	90.61%
	11.17%
	Note4,5,6

	Note1: jitter range = [-4, +4]ms, STD=2ms
Note2: jitter range = [-6, +6]ms, STD=2ms
Note3: jitter range = [-8, +8]ms, STD=5ms
Note4: jitter range = [-10, +10]ms, STD=5ms
Note5: PDCCH skipping is indicated in the DCI that schedules a dummy PDSCH after all the HARQ-ACK processes of transmissions have been completed
Note6: applying R17 sparse SSSG with PDCCH monitoring every 2 slots when DRX Onduration starts and switch to dense SSSG with PDCCH monitoring every 1 slot after detecting DCI scheduling XR traffic burst



Based on the results provided in Table 2, it can be found that power saving gain by using R17 PDCCH monitoring adaptation scheme compared with AlwaysOn will decrease with the increase of jitter range. Besides, for high load case, with the increase of jitter range, both power saving gain and capacity will reduce due to more unnecessary PDCCH monitoring within the jitter range and more uncertain packet arrival times.
Observation 4: Compared to AlwaysOn baseline, R17 PDCCH monitoring adaptation scheme can provide up to about 11%~23% power saving gain with no capacity loss, with different jitter ranges.
Observation 5: With Rel-17 PDCCH monitoring adaptation schemes, the capacity performance slightly degrades with the increase of jitter range in high cell load cases (i.e. 10 users/cell).
Observation 6: With Rel-17 PDCCH monitoring adaptation schemes, the UE power saving gain decreases with the increase of jitter range.
Proposal 3: Capture the above simulation results and observations of evaluation with different jitter ranges in TR 38.835.
1. 
1.1 
3.2 LP-WUS based jitter handling
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 3 (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 3 (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 3. Jitter handling method based on LP-WUS
As mentioned above, we further perform the system level evaluations for R17 PDCCH monitoring adaptation. Besides, more detailed configurations for each scheme can be founded in the notes of Table 3.
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 [2]. 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. 
· Text proposal for LP-WUS based jitter handling scheme
=====================Start of Text proposal of TR 38.835=============================
5.2		Power Saving Techniques
5.2.1	Physical Layer Enhancements
5.2.1.X	Lower Power Wake-up Signal Based Jitter Handling
…Omitted part…
Low power wake-up signal (LP-WUS) based jitter handling scheme for XR has been studied by companies. In the LP-WUS based jitter handling scheme, UE main radio performs PDCCH monitoring when wake-up information is detected from LP-WUS by the LP-WUR (low-power wake-up radio). During the LP-WUS monitoring by LP-WUR, the main radio of UE can either stay in micro sleep or light sleep, corresponding to no or 3ms main radio wake-up latency when wake-up information is detected by the LP--WUR. The LP-WUS monitoring can be performed during the DRX on duration of the main radio. 
The simulation results of LP-WUS based jitter handling scheme are provided in Table 3. And more detailed assumptions can be founded in the notes of Table 3.
Table 3. Results for FR1, MU-MIMO, Indoor Hotspot, DL video (30 fps, 30 Mbps, 10 ms PDB)
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Notes

	Always On
	-
	-
	-
	5
	10
	100%
	-
	Note1

	
	-
	-
	-
	5
	10
	100%
	-
	Note2

	
	-
	-
	-
	5
	10
	100%
	-
	Note3

	
	-
	-
	-
	5
	10
	100%
	-
	Note4

	R17 PDCCH monitoring adaptation
	16.67
	8
	4
	5
	10
	100%
	23.36%
	Note1,5,6

	
	16.67
	12
	4
	5
	10
	100%
	18.73%
	Note2,5,6

	
	16.67
	16
	4
	5
	10
	100%
	15.79%
	Note3,5,6

	
	16.67
	16
	4
	5
	10
	100%
	13.91%
	Note4,5,6

	LP-WUS scheme
	16.67
	8
	4
	5
	10
	100%
	29.71%
	Note1,5,7

	
	16.67
	12
	4
	5
	10
	100%
	28.26%
	Note2,5,7

	
	16.67
	16
	4
	5
	10
	100%
	29.36%
	Note3,5,7

	
	16.67
	16
	4
	5
	10
	100%
	29.28%
	Note4,5,7

	
	16.67
	8
	4
	5
	10
	89.44%
	34.10%
	Note1,5,8

	
	16.67
	12
	4
	5
	10
	87.22%
	34.83%
	Note2,5,8

	
	16.67
	12
	4
	5
	10
	87.60%
	37.87%
	Note3,5,8

	
	16.67
	8
	4
	5
	10
	99.44%
	34.10%
	Note1,5,8,9

	
	16.67
	12
	4
	5
	10
	99.44%
	34.83%
	Note2,5,8,9

	
	16.67
	12
	4
	5
	10
	99.33%
	37.87%
	Note3,5,8,9

	Always On
	-
	-
	-
	10
	10
	92.50%
	-
	Note1

	
	-
	-
	-
	10
	10
	92.33%
	-
	Note2

	
	-
	-
	-
	10
	10
	91.83%
	-
	Note3

	
	-
	-
	-
	10
	10
	90.94%
	-
	Note4

	R17 PDCCH monitoring adaptation
	16.67
	8
	4
	10
	10
	92.22%
	19.28%
	Note1,5,6

	
	16.67
	12
	4
	10
	10
	92.16%
	14.96%
	Note2,5,6

	
	16.67
	16
	4
	10
	10
	91.05%
	12.26%
	Note3,5,6

	
	16.67
	16
	4
	10
	10
	91.01%
	11.17%
	Note4,5,6

	LP-WUS scheme
	16.67
	8
	4
	10
	10
	92.22%
	25.10%
	Note1,5,7

	
	16.67
	12
	4
	10
	10
	92.20%
	24.08%
	Note2,5,7

	
	16.67
	16
	4
	10
	10
	91.08%
	24.68%
	Note3,5,7

	
	16.67
	16
	4
	10
	10
	91.11%
	25.90%
	Note4,5,7

	
	16.67
	8
	4
	10
	10
	54.17%
	29.22%
	Note1,5,8

	
	16.67
	12
	4
	10
	10
	53.61%
	30.26%
	Note2,5,8

	
	16.67
	12
	4
	10
	10
	54.86%
	33.18%
	Note3,5,8

	
	16.67
	8
	4
	10
	10
	82.78%
	29.22%
	Note1,5,8,9

	
	16.67
	12
	4
	10
	10
	82.25%
	30.26%
	Note2,5,8,9

	
	16.67
	12
	4
	10
	10
	82.51%
	33.18%
	Note3,5,8,9

	Note1: jitter range = [-4, +4]ms, STD=2ms
Note2: jitter range = [-6, +6]ms, STD=2ms
Note3: jitter range = [-8, +8]ms, STD=5ms
Note4: jitter range = [-10, +10]ms, STD=5ms
Note5: PDCCH skipping is indicated in the DCI that schedules a dummy PDSCH after all the HARQ-ACK processes of transmissions have been completed
Note6: applying R17 sparse SSSG with PDCCH monitoring every 2 slots when DRX Onduration starts and switch to dense SSSG with PDCCH monitoring every 1 slot after detecting DCI scheduling XR traffic burst 
Note7: the total relative power (including the power of both LP-WUR and main radio) for LP-WUS monitoring is 45 units with no wake-up latency
Note8: the total relative power (including the power of both LP-WUR and main radio) for LP-WUS monitoring is 20 units with 3ms wake-up latency
Note9: UE satisfaction metric as 95% packet successful rate



Observations: 
· When the main radio of UE stays in micro sleep during LP-WUS monitoring, compared with R17 PDCCH monitoring adaptation scheme, LP-WUS based jitter handling scheme can provide up to 15% additional power saving gain with no capacity loss. 
· When the main radio of UE stays in light sleep during LP-WUS monitoring, compared with R17 PDCCH monitoring adaptation scheme, LP-WUS based jitter handling scheme can provide up to 22% additional power saving gain with acceptable capacity loss at least for low load case. 
· Power and capacity performances will not be impacted with the increase of jitter range by adopting LP-WUS based jitter handling solution. 
========================End of Text proposal of TR 38.835============================
Proposal 4: Capture the above text proposal of LP-WUS based jitter handling scheme in TR 38.835.
3.3 Others jitter handling solutions
As per the feature lead summary given based on the discussion of last meeting [3], there are another two potential jitter handling schemes, two-stage CDRX scheme proposed by [4] and additional On-Duration scheme proposed by [5]. 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.
3.3.1 Performance evaluation for Two-stage CDRX scheme
[bookmark: _Hlk115076714]Table 4 provides the performance comparison of the two-stage CDRX proposed by [4] 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% higher UE power consumption due to the lack of flexible PDCCH monitoring adaptation. Besides, two-stage CDRX also obtains slightly worse capacity than R17 PDCCH monitoring adaptation in high load case. 
Table 4. Results for FR1, MU-MIMO, Indoor Hotspot, DL video (30 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB)
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Notes

	Always On
	-
	-
	-
	5
	10
	100%
	-
	

	R17 PDCCH monitoring adaptation
	16.67
	8
	4
	5
	10
	100%
	23.36%
	Note1,2

	
	16.67
	8
	4
	5
	10
	100%
	25.39%
	Note1,3

	Two-stage CDRX
	Outer:16.67
	10
	4
	5
	10
	100%
	21.52%
	Note4

	
	Inner:4
	2
	4
	
	
	
	
	

	Always On
	-
	-
	-
	10
	10
	92.50%
	-
	

	R17 PDCCH monitoring adaptation
	16.67
	8
	4
	10
	10
	92.22%
	19.28%
	Note1,2

	
	16.67
	8
	4
	10
	10
	88.52%
	21.84%
	Note1,3

	Two-stage CDRX
	Outer:16.67
	10
	4
	10
	10
	86.89%
	16.36%
	Note4

	
	Inner:4
	2
	4
	
	
	
	
	

	Note1: PDCCH skipping is indicated in the DCI that schedules a dummy PDSCH after all the HARQ-ACK processes of transmissions have been completed
Note2: applying R17 sparse SSSG with PDCCH monitoring every 2 slots when DRX Onduration starts and switch to dense SSSG with PDCCH monitoring every 1 slot after detecting DCI scheduling XR traffic burst Note3: applying R17 sparse SSSG with PDCCH monitoring every 4 slots when DRX Onduration starts and switch to dense SSSG with PDCCH monitoring every 1 slot after detecting DCI scheduling XR traffic burst
Note4: 4ms CDRX cycle and 2ms ODT for inner CDRX


Observation 7: 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.
Proposal 5: Capture the above simulation results and observations for Two-stage CDRX scheme in TR 38.835.
Proposal 6: Two-stage CDRX scheme is not recommended for Rel-18 XR WI. 
3.3.2 [bookmark: _Hlk114995303][bookmark: OLE_LINK1]Performance evaluation for additional On-Duration scheme
Table 5 provide the performance comparison between the additional On-Duration scheme proposed by [5] and R17 PDCCH monitoring adaptation scheme. Compared to the existing R17 PDCCH monitoring adaptation, additional On-Duration scheme will cause 4.6% higher 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. 
[bookmark: OLE_LINK4]Table 5. Results for FR1, MU-MIMO, Indoor Hotspot, DL video (30 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB)
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Notes

	Always On
	-
	-
	-
	5
	10
	100%
	-
	

	R17 PDCCH monitoring adaptation
	16.67
	8
	4
	5
	10
	100%
	23.36%
	Note1,2

	Additional On-Duration
	16.67
	4
	4
	5
	10
	100%
	18.73%
	Note3

	Always On
	-
	-
	-
	10
	10
	92.50%
	-
	

	R17 PDCCH monitoring adaptation
	16.67
	8
	4
	10
	10
	92.22%
	19.28%
	Note1,2

	Additional On-Duration
	16.67
	4
	4
	10
	10
	91.49%
	14.68%
	Note3

	Note1: PDCCH skipping is indicated in the DCI that schedules a dummy PDSCH after all the HARQ-ACK processes of transmissions have been completed
Note2: applying R17 sparse SSSG with PDCCH monitoring every 2 slots when DRX Onduration starts and switch to dense SSSG with PDCCH monitoring every 1 slot after detecting DCI scheduling XR traffic burst
Note3: additional DRX onduration length is 4ms


Observation 8: Compared with existing R17 PDCCH monitoring adaptation scheme, additional On-Duration scheme has slightly worse performance results in terms of power saving gain and capacity.
For autonomous additional DRX onduration scheme, as pointed out and shown in the following Figure 4, UE may fail to extend the active time if a non-XR traffic data is scheduled for the UE before XR video data arrival. Hence, the XR video traffic may be missed


Figure 4. The causing XR traffic missing by adopting autonomous additional DRX onduration scheme
Hence, compared to extend DRX active time autonomously or triggered by DCI, a long enough DRX onduration to cover jitter range is the most reasonable configuration, which can avoid packet loss of XR video. And on top of the long DRX onduration, the network can configure by SSSG switching or PDCCH skipping indication for UE power saving purpose.
Observation 9: For the case of autonomous active time extension, UE may fail to extend the active time if non-XR traffic data is scheduled for the UE before XR video data arrival, such that XR video transmission may be missed.
It should also be noted that, extending active time of DRX can be implemented by the existing specification. To be more specific, DCI triggered additional DRX onduration scheme has been already achieved by the existing R15/16 CDRX scheme (i.e., an DCI scheduling initial transmission will trigger the start/re-start of drx-inactivitytimer). Therefore, there is no reason to design duplicate solution with worse performance than existing techniques. 
Observation 10: DCI triggered active time extension has been already achieved by R15/16 CDRX scheme i.e., an DCI scheduling initial transmission will trigger the start/re-start of drx-inactivitytimer.
Proposal 7: Capture the above simulation results and observations for additional On-Duration scheme in TR 38.835.
Proposal 8: The “additional On-Duration scheme” is not recommended for Rel-18 XR WI. 
4. [bookmark: _Ref103001287]Multiple CDRXs for Multiple Flows
[bookmark: OLE_LINK8]For XR, multiple data streams (e.g., DL video stream and DL audio stream for VR/AR) with different traffic characteristics, requirements and priorities are presented. And multiple active DRX configurations is proposed in [4] to match the characteristics of multiple flows. As discussed in RAN1 #110-bis-e, one active CDRX for DL video and SPS for DL audio may be an alternative solution [3], since the audio stream is with integer periodicity, fixed packet size and relaxed PDB characteristics. In this section, we perform the evaluations for these two schemes and compared them with existing one active CDRX configuration. The simulation assumptions are provided in Appendix. Noted that 30ms PDB is agreed baseline value for DL audio traffic, the use case of 10ms PDB for audio which is assumed by [4] is unknown to us.
[bookmark: _Hlk117871204]As shown in Table 6, for 60fps DL video and DL audio with 30ms PDB, one DRX configuration matched with video stream can serve both DL video and audio well. 30fps DL video plus DL audio with 10ms PDB has been evaluated in [4], first of all, such assumption may not be supported by the existing SA4 input, which assumes 30ms PDB for audio. If such traffic condition may exist, a single DRX configuration matched to DL video periodicity cannot meet the PDB requirement for the DL audio. Since the audio stream has no jitter and the packet size is constant, SPS mechanism is suitable for the audio stream transmission. As shown in Table 7, one active CDRX for video and SPS for audio scheme can achieve additional 0.68%~2.17% power saving gain than multiple CDRXs without capacity loss. So, there is no additional benefit by introducing multiple CDRX for multiple flows.
Table 6. Results for multi-flow, for FR1, MU-MIMO, Indoor Hotspot, and multi-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB), DL audio (10 ms periodicity, 30 ms PDB)
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs

	Always On
	-
	-
	-
	5
	10
	100%
	-

	One active CDRX for video
	16.67
	8
	4
	5
	10
	100%
	11.70%

	One active CDRX for video and SPS for audio
	16.67
	8
	4
	5
	10
	100%
	9.81%

	Multiple CDRXs
	16.67
	8
	4
	5
	10
	100%
	9.72%

	
	10
	2
	0
	
	
	
	

	Multiple CDRXs
	16.67
	8
	4
	5
	10
	100%
	9.52%

	
	10
	2
	2
	
	
	
	

	Always On
	-
	-
	-
	10
	10
	92.09%
	-

	One active CDRX for video
	16.67
	8
	4
	10
	10
	91.07%
	9.23%

	One active CDRX for video and SPS for audio
	16.67
	8
	4
	10
	10
	91.66%
	8.14%

	Multiple CDRXs
	16.67
	8
	4
	10
	10
	91.02%
	8.04%

	
	10
	2
	0
	
	
	
	

	Multiple CDRXs
	16.67
	8
	4
	10
	10
	91.46%
	6.95%

	
	10
	2
	2
	
	
	
	



Table 7. Results for multi-flow, for FR1, MU-MIMO, Indoor Hotspot, and multi-stream traffic: DL video (30 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB), DL audio (10 ms periodicity, 10 ms PDB)
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs

	Always On
	-
	-
	-
	3
	6
	100%
	-

	One active CDRX for video
	33.33
	8
	4
	3
	6
	0.00%
	41.06%

	One active CDRX for video and SPS for audio
	33.33
	8
	4
	3
	6
	100%
	20.70%

	Multiple CDRXs
	33.33
	8
	4
	3
	6
	100%
	19.84%

	
	10
	2
	0
	
	
	
	

	Multiple CDRXs
	33.33
	8
	4
	3
	6
	100%
	18.81%

	
	10
	2
	2
	
	
	
	

	Always On
	-
	-
	-
	6
	6
	94.91%
	-

	One active CDRX for video
	33.33
	8
	4
	6
	6
	0.00%
	37.32%

	One active CDRX for video and SPS for audio
	33.33
	8
	4
	6
	6
	94.44%
	19.02%

	Multiple CDRXs
	33.33
	8
	4
	6
	6
	93.98%
	18.34%

	
	10
	2
	0
	
	
	
	

	Multiple CDRXs
	33.33
	8
	4
	6
	6
	94.44%
	16.85%

	
	10
	2
	2
	
	
	
	



[bookmark: _Hlk117871441]Observation 11: For multiple traffic flow (video +  audio), existing scheme with single CDRX configuration for video and SPS for audio can achieve better performance than multiple active CDRX configurations. 
Proposal 9: Capture the above simulation results and observations for multiple CDRXs for multiple flows scheme in TR 38.835.
5. Enhancements to PDCCH Monitoring Adaptation 
4. 
5. 
5.1 Enhanced PDCCH skipping duration
Since there is no restriction that PDCCH skipping can only be used together with CDRX configuration, for the case when PDCCH skipping indication is used without CDRX configuration, there may be some power saving benefit by introducing additional PDCCH skipping durations. R17 PDCCH skipping indication can be used to indicate PDCCH monitoring skipping considering the non-integer traffic periodicity. The network can dynamically indicate a PDCCH skipping duration to match the traffic arrival occasions, from up to three RRC configured candidates of skipping duration. However, due to the existence of jitter, the interval between the end time of a previous frame transmission and the arrival time of the next frame is uncertain, it may be difficult to indicate an accurate skipping duration by one PDCCH. For example, as illustrated in Figure 5 (a), we assume the selected three skipping durations are 6ms, 4ms and 2ms, since the power saving gain obtained by [6ms, 4ms, 2ms] is superior to other potential combinations by means of our simulation. When finishing the previous frame transmission, gNB determines the time gap to the target position, e.g., the arrival time of the next frame, is greater than 10ms. Then gNB indicates a skipping duration with 6ms to UE such that UE can enter light sleep once receiving the PDCCH skipping indication. After that, since the remaining time gap is still more than 3ms, gNB can send another PDCCH skipping duration indication with 2ms to UE. However, UE can only enter micro sleep mode after receiving the second PDCCH skipping indication. For the UE, because of the discontinuity of sleep, the segmented PDCCH skipping duration will cause some waste of power consumption. 


Figure 5. Enhanced PDCCH skipping duration.
As shown in Figure 6, compared to the existing PDCCH skipping duration, enhanced PDCCH skipping duration can achieve additional {4.80%~5.18%} power saving gain by reducing unnecessary PDCCH monitoring due to one-shot skipping instead of segmented skipping. 
[image: ]
Figure 6. Power saving gain of 17 PDCCH skipping and enhanced PDCCH skipping for VR/AR 30Mbps in InH scenario
Observation 12: Compared with R17 PDCCH skipping indication without CDRX configuration, enhanced PDCCH skipping durations can achieve an additional {4.80%~5.18%} power saving gain with no capacity loss.
Proposal 10: Enhance PDCCH skipping durations e.g., additional RRC candidate duration values or indication bits of DCI) is recommended for R18 XR WI. 
·  Text proposal for Enhanced PDCCH skipping durations
=========================Start of Text proposal of TR 38.835==============================
…Omitted part…
Companies propose to enhance R17 PDCCH skipping durations e.g., adding additional RRC candidate duration values or indication bits of DCI.
The simulation results of Additional PDCCH skipping durations are provided in Table 8. And more detailed configurations can be founded in the notes of Table 8.
Table 8. Results for FR1, MU-MIMO, Indoor Hotspot, DL video (30 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB)
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Notes

	Always On
	-
	-
	-
	5
	10
	100%
	-
	

	R17 PDCCH monitoring adaptation
	-
	-
	-
	5
	10
	100%
	6.93%
	Note1,3

	
	-
	-
	-
	5
	10
	100%
	18.18%
	Note1,2,3

	Enhanced PDCCH skipping
	-
	-
	-
	5
	10
	100%
	12.06%
	Note1,4

	
	-
	-
	-
	5
	10
	100%
	23.36%
	Note1,2,4

	Always On
	-
	-
	-
	10
	10
	92.50%
	-
	

	R17 PDCCH monitoring adaptation
	-
	-
	-
	10
	10
	92.28%
	5.66%
	Note1,3

	
	-
	-
	-
	10
	10
	92.22%
	14.25%
	Note1,2,3

	Enhanced PDCCH skipping
	-
	-
	-
	10
	10
	92.30%
	10.46%
	Note1,4

	
	-
	-
	-
	10
	10
	92.22%
	19.28%
	Note1,2,4

	Note1: PDCCH skipping is indicated in the DCI that schedules a dummy PDSCH after all the HARQ-ACK processes of transmissions have been completed
Note2: applying R17 sparse SSSG with PDCCH monitoring every 2 slots before XR traffic burst arrives and switch to dense SSSG with PDCCH monitoring every 1 slot after detecting DCI scheduling XR traffic burst
Note3: with [6ms, 4ms, 2ms] candidate skipping durations
Note4: one-shot skipping to the next jitter boundary position



Based on the simulation results above, compared with R17 PDCCH skipping scheme without CDRX configuration, enhanced PDCCH skipping durations can achieve additional {4.80%~5.18%} power saving gain with no capacity loss. It is therefore concluded that enhanced PDCCH skipping duration can avoid unnecessary PDCCH monitoring caused by discontinuous PDCCH skipping durations.
=========================Start of Text proposal of TR 38.835==============================
Proposal 11: Capture the above text proposal for enhancements to PDCCH monitoring adaptation in TR 38.835.
5.2 PDCCH skipping and interaction with HARQ retransmission
[bookmark: _Hlk115422663]Although PDCCH skipping with HARQ interaction has been discussed in Rel-17 power saving WI, however, in Rel-17 RAN1 did not evaluated the XR type of traffic which has tight delay bound (i.e., 10ms PDB), meaning that any transmission failure will impact the system capacity. 
Observation 13: Rel-17 UE power saving WI did not evaluated the XR type of traffic which has tight delay bound (i.e., 10ms PDB), meaning that any transmission failure will impact the system capacity.
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. Therefore, for power saving purpose, one implementation as depicted in Option 1 of Figure 7 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 7, another implementation is that the network indicates PDCCH skipping after all the HARQ processes of transmissions have been completed. Since the PDCCH skipping indication can only be transmitted by scheduling DCI, the network, after receiving ACK from the UE, 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 14: The existing R17 PDCCH skipping indication will cause either capacity loss or unnecessary PDCCH monitoring.
[bookmark: _Hlk118294535]Besides, some companies mentioned that according to the R17 PDCCH skipping scheme, short PDCCH skipping duration should be used e.g., 2ms, to ensure the reception of scheduling DCI for retransmission. However, with the short PDCCH skipping duration,  monitoring potential scheduling DCI for retransmission or for extra PDCCH skipping duration after all the HARQ retransmissions are successful will cause plenty of unnecessary PDCCH monitoring. Hence, only using short R17 PDCCH skipping duration e.g., 2ms or 4ms is not a reasonable R17 PDCCH skipping implementation method.
Observation 15: Only using short R17 PDCCH skipping durations, e.g., 2ms or 4ms is not a reasonable R17 PDCCH skipping implementation method.


Figure 712. Potential network implementation of PDCCH skipping indication using Rel-17 specification


Figure 8. 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 8, if there is any NACK feedback during the skipping duration, UE is required to resume the PDCCH monitoring for corresponding retransmission. 
· 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 with HARQ interaction scheme and two implementations of existing R17 PDCCH skipping scheme are presented in Figure 9, Figure 10 and Figure 11. For existing R17 PDCCH skipping Option 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 be allocated to minimize the initial BLER and guarantee the successful transmission of data. 
As shown in the following, the system capacity 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 is modelled 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.) 
[bookmark: _Hlk118281961]It can be seen that from 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. 
[bookmark: _Hlk115075429]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. 
[image: ]
Figure 9. Power saving gain of VR/AR 30Mbps in InH scenario
[image: ]
Figure 10. System capacity of VR/AR 30Mbps in InH scenario
[image: ]
Figure 11. System capacity of VR/AR 30Mbps in InH scenario
Observation 16: Compared with the existing R17 PDCCH skipping indication, the enhanced PDCCH skipping with HARQ interaction provides good balance between power saving gain and system capacity.
Proposal 12: Recommend the PDCCH skipping with HARQ retransmission interaction for R18 XR WI.
· Solution 1: If there is any NACK feedback for a scheduled PDSCH during the skipping duration, UE is required to resume the PDCCH monitoring for corresponding retransmission. 
· 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, 41.90%~43.84% and 37.20%~38.47% total power saving gains can be obtained in low load and high load, respectively, and without capacity loss. 
Observation 17: By adopting the schemes of both PDCCH skipping interaction with HARQ retransmission and LP-WUS jitter handling, 41.90%~43.84% and 37.20%~38.47% total power saving gains can be obtained in low load and high load, respectively, and without capacity loss.
· Text proposal for Enhancements to PDCCH Monitoring Adaptation
========================Start of Text proposal of TR 38.835=============================
…Omitted part…
For enhancements to PDCCH monitoring adaption, PDCCH skipping and interaction with HARQ retransmission is studied by companies. And the brief working principle of PDCCH skipping and interaction with HARQ retransmission is: For DL retransmission, if there is any NACK feedback during the skipping duration, UE is required to resume the PDCCH monitoring for corresponding retransmission.
The simulation results of PDCCH skipping and interaction with HARQ retransmission are provided in Table 9. And more detailed configurations for each scheme can be founded in the notes of Table 9.
Table 9. Results for FR1, MU-MIMO, Indoor Hotspot, DL video (30 fps, 30 Mbps, 10 ms PDB)
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Notes

	Always On
	-
	-
	-
	5
	10
	100%
	-
	Note1

	
	-
	-
	-
	5
	10
	100%
	-
	Note2

	R17 PDCCH monitoring adaptation
	16.67
	8
	4
	5
	10
	100%
	23.36%
	Note1, 3, 4,5

	
	16.67
	16
	4
	5
	10
	100%
	15.79%
	Note2, 3,4,5

	Enhanced PDCCH skipping with HARQ interaction
	16.67
	8
	4
	5
	10
	100%
	37.13%
	Note1, 3,5

	
	16.67
	16
	4
	5
	10
	100%
	27.77%
	Note2, 3,5

	LP-WUS scheme and enhanced PDCCH skipping with HARQ interaction
	16.67
	8
	4
	5
	10
	100%
	43.84%
	Note1, 3,8

	
	16.67
	16
	4
	5
	10
	100%
	41.90%
	Note2, 3,8

	Always On
	-
	-
	-
	10
	10
	92.50%
	-
	Note1

	
	-
	-
	-
	10
	10
	97.45%
	-
	Note1,7

	
	-
	-
	-
	10
	10
	93.12%
	-
	Note1,6

	
	-
	-
	-
	10
	10
	97.45%
	-
	Note1,6,7

	
	-
	-
	-
	10
	10
	91.83%
	-
	Note2

	R17 PDCCH monitoring adaptation
	16.67
	16
	4
	10
	10
	91.05%
	12.26%
	Note2,4,5

	
	16.67
	8
	4
	10
	10
	1.11%
	35.21%
	Note1,3,5

	
	16.67
	8
	4
	10
	10
	2.22%
	35.21%
	Note1,3,5,7

	
	16.67
	8
	4
	10
	10
	2.08%
	32.77%
	Note1,3,5,6

	
	16.67
	8
	4
	10
	10
	94.91%
	32.77%
	Note1,3,5,6,7

	
	16.67
	8
	4
	10
	10
	92.22%
	19.28%
	Note1,4,5

	
	16.67
	8
	4
	10
	10
	97.45%
	19.28%
	Note1,4,5,7

	
	16.67
	8
	4
	10
	10
	92.78%
	19.48%
	Note1,4,5,6

	
	16.67
	8
	4
	10
	10
	97.45%
	19.48%
	Note1,4,5,6,7

	Enhanced PDCCH skipping with HARQ interaction
	16.67
	8
	4
	10
	10
	92.22%
	32.18%
	Note1, 3,5

	
	16.67
	16
	4
	10
	10
	92.20%
	23.67%
	Note2, 3,5

	
	16.67
	8
	4
	10
	10
	97.45%
	32.18%
	Note1, 3,5,7

	
	16.67
	8
	4
	10
	10
	92.78%
	32.49%
	Note1, 3,5,6

	
	16.67
	8
	4
	10
	10
	97.45%
	32.49%
	Note1, 3,5,6,7

	LP-WUS scheme and enhanced PDCCH skipping with HARQ interaction
	16.67
	8
	4
	10
	10
	92.22%
	38.47%
	Note1, 3,8

	
	16.67
	16
	4
	10
	10
	91.20%
	37.20%
	Note2, 3,8

	Note1: jitter range = [-4, +4]ms, STD = 2ms
Note2: jitter range = [-8, +8]ms, STD = 5ms
Note3: the network indicates PDCCH skipping in the DCI that schedules the initial PDSCH transmission of the last DL packet of an XR traffic burst
Note4: PDCCH skipping is indicated in the DCI that schedules a dummy PDSCH after all the HARQ-ACK processes of transmissions have been completed
Note5: applying R17 sparse SSSG with PDCCH monitoring every 2 slots when DRX Onduration starts and switch to dense SSSG with PDCCH monitoring every 1 slot after detecting DCI scheduling XR traffic burst Note6: initial BLER is reduced from 10% to 1%
Note7: satisfaction metric as 95% packet successful rate
Note8: the total relative power (including the power of both LP-WUR and main radio) for LP-WUS monitoring is 45 with no wake-up latency



Based on the simulation results above, the following observations can be obtained.
· Compared with enhanced PDCCH skipping with HARQ interaction, the existing R17 PDCCH skipping indication will cause either capacity loss (vs. Option 1) or unnecessary PDCCH monitoring (vs. Option 2).
a) Option 1: The implementation of R17 PDCC skipping indication is to indicate PDCCH skipping in the DCI that schedules the initial PDSCH transmission of the last DL packet of an XR traffic burst with lower MCS.
b) Option 2: The implementation of R17 PDCC skipping indication is to indicate PDCCH skipping in the DCI that schedules a dummy PDSCH after all the HARQ-ACK processes of transmissions have been completed.
· Compared with the existing R17 PDCCH skipping indication, the enhanced PDCCH skipping with HARQ interaction provides good balance between power saving gain and system capacity.
· Compared with the existing R17 PDCCH skipping indication, by adopting both PDCCH skipping interaction with HARQ retransmission and LP-WUS jitter handling schemes, 41.90%~43.84% and 37.20%~38.47% total power saving gains can be obtained in low load and high load, respectively, without capacity loss.
========================End of Text proposal of TR 38.835==============================
Proposal 13: Capture the above text proposal for enhancements to PDCCH monitoring adaptation in TR 38.835.
6. Text proposal for conclusion of TR 38.835
========================Start of Text proposal of TR 38.835=============================
…Omitted part…
6	 Conclusions
XR specific power saving enhancement
RAN1 has studied and evaluated the following techniques for XR-specific power saving enhancements. The observations are summarized as follows: 
· Enhanced CDRX with semi-static periodicity alignment with XR traffic shows X%~Y% power saving gain with marginal capacity loss compared to the existing CDRX scheme.
· PDCCH skipping and interaction with HARQ retransmission scheme shows X%~Y% power saving gain with marginal capacity loss compared to the existing PDCCH monitoring adaptation scheme.
· Enhancements to PDCCH skipping duration scheme shows X%~Y% power saving gain with marginal capacity loss compared to the existing PDCCH monitoring adaptation scheme.
RAN1 assumes following XR traffic related information can be provided to RAN by core network and can be adopted for enhancement to XR-specific UE power management:
· [bookmark: _Hlk118278506]Data burst periodicity (Periodicity for UL and DL traffic of the QoS Flow)
· [bookmark: _Hlk118278518]Data burst end indication in the header of the last PDU of the Data Burst
· [bookmark: _Hlk118278537]PDU set level QoS parameters including priority and [air interface] delay budget of a PDU set (PDU Set Importance and PDU Set Delay Budget)
· [bookmark: _Hlk118278593]PDU set size (number of bits) or number of PDUs in a PDU set (PDU Set Size)
· [bookmark: _Hlk118278611]PDU set identity and relationship information among PDUs within the same PDU set (PDU Set Identifier and PDU SN within a PDU Set)
· [bookmark: _Hlk118278641]Jitter information (between the data source and the RAN in DL) such as the range of the jitter (Traffic jitter information associated with each periodicity)
Based on the study, it is recommended to further specify the following techniques for XR traffic:
· Enhanced CDRX with semi-static periodicity alignment with XR traffic
· Enhanced PDCCH monitoring adaptation
· PDCCH skipping and interaction with HARQ retransmission
· Enhancements to PDCCH skipping duration
[bookmark: _Toc101339997]Annex A:
Evaluation Methodology
Rel-17 evaluation methodology for XR power saving captured in [6] is used as the baseline evaluation methodology for UE power saving evaluation of Rel-18 XR.
In addition to the values for jitter in Table 5.1-2 in [6], the following statistical parameters for jitter can also be optionally evaluated in Rel-18 XR SI.
· Note: This optional assumption is not applicable to the evaluation of 90 FPS and above
	Parameter
	unit
	Optional value for evaluation

	Mean
	ms
	0

	STD
	ms
	5

	Truncation range
	ms
	[-8, 8]


…Omitted part…
=========================End of Text proposal of TR 38.835=============================
Proposal 14: Capture the above text proposal into conclusion of 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: DCI-based approach as solution to non-integer periodicity issue will introduce more control signalling overhead and spec impact, compared to semi-static based solution. 
Observation 2: The following semi-static solutions to align DRX cycle with XR traffic periodicity is assumed.
· 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 3: R17 PDCCH monitoring adaptation can reduce unnecessary power consumption caused by jitter.
Observation 4: Compared to AlwaysOn baseline, R17 PDCCH monitoring adaptation scheme can provide up to about 11%~23% power saving gain with no capacity loss, with different jitter ranges.
Observation 5: With Rel-17 PDCCH monitoring adaptation schemes, the capacity performance slightly degrades with the increase of jitter range in high cell load cases (i.e. 10 users/cell).
Observation 6: With Rel-17 PDCCH monitoring adaptation schemes, the UE power saving gain decreases with the increase of jitter range.
Observation 7: 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 8: Compared with existing R17 PDCCH monitoring adaptation scheme, additional On-Duration scheme has slightly worse performance results in terms of power saving gain and capacity.
Observation 9: For the case of autonomous active time extension, UE may fail to extend the active time if non-XR traffic data is scheduled for the UE before XR video data arrival, such that XR video transmission may be missed.
Observation 10: DCI triggered active time extension has been already achieved by R15/16 CDRX scheme i.e., an DCI scheduling initial transmission will trigger the start/re-start of drx-inactivitytimer.
Observation 11: For multiple traffic flow (video +  audio), existing scheme with single CDRX configuration for video and SPS for audio can achieve better performance than multiple active CDRX configurations. 
Observation 12: Compared with R17 PDCCH skipping indication without CDRX configuration, enhanced PDCCH skipping durations can achieve an additional {4.80%~5.18%} power saving gain with no capacity loss.
Observation 13: Rel-17 UE power saving WI did not evaluated the XR type of traffic which has tight delay bound (i.e., 10ms PDB), meaning that any transmission failure will impact the system capacity.
Observation 14: The existing R17 PDCCH skipping indication will cause either capacity loss or unnecessary PDCCH monitoring.
Observation 15: Only using short R17 PDCCH skipping durations, e.g., 2ms or 4ms is not a reasonable R17 PDCCH skipping implementation method.
Observation 16: Compared with the existing R17 PDCCH skipping indication, the enhanced PDCCH skipping with HARQ interaction provides good balance between power saving gain and system capacity.
Observation 17: By adopting the schemes of both PDCCH skipping interaction with HARQ retransmission and LP-WUS jitter handling, 41.90%~43.84% and 37.20%~38.47% total power saving gains can be obtained in low load and high load, respectively, and without capacity loss.
Proposal 1: Recommend semi-static based DRX enhancements to accommodate the non-integer XR traffic periodicity for R18 XR WI.
Proposal 2: Capture the following simulation results of semi-static C-DRX enhancement for non-integer periodicity scheme in TR 38.835.
Proposal 3: Capture the above simulation results and observations of evaluation with different jitter ranges in TR 38.835.
Proposal 4: Capture the above text proposal of LP-WUS based jitter handling scheme in TR 38.835.
Proposal 5: Capture the above simulation results and observations for Two-stage CDRX scheme in TR 38.835.
Proposal 6: Two-stage CDRX scheme is not recommended for Rel-18 XR WI. 
Proposal 7: Capture the above simulation results and observations for additional On-Duration scheme in TR 38.835.
Proposal 8: The “additional On-Duration scheme” is not recommended for Rel-18 XR WI. 
Proposal 9: Capture the above simulation results and observations for multiple CDRXs for multiple flows scheme in TR 38.835.
Proposal 10: Enhance PDCCH skipping durations e.g., additional RRC candidate duration values or indication bits of DCI) is recommended for R18 XR WI. 
Proposal 11: Capture the above text proposal for enhancements to PDCCH monitoring adaptation in TR 38.835.
Proposal 12: Recommend the PDCCH skipping with HARQ retransmission interaction for R18 XR WI.
· Solution 1: If there is any NACK feedback for a scheduled PDSCH during the skipping duration, UE is required to resume the PDCCH monitoring for corresponding retransmission. 
· 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 13: Capture the above text proposal for enhancements to PDCCH monitoring adaptation in TR 38.835.
Proposal 14: Capture the above text proposal into conclusion of TR 38.835.
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Appendix Simulation assumptions
[bookmark: _Ref1208685]Table I. 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 II.  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]



Table III.  The DL audio traffic models for Option 2 multi streams model adopted in R17 XR SI
	Parameters
	unit
	Baseline values for evaluation
	Optional values for evaluation

	Periodicity P
	ms
	10
	

	Data rate: R
	Mbps
	0.756, 1.12
	

	Packet size
	byte
	R×1e6 × P /1000 / 8
	

	PDB
	ms
	30
	Other values can be optionally evaluated

	Packet Success Rate
	%
	99
	99.9
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