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[bookmark: _Ref68628695]Introduction
In RAN1 #109-e, several issues were identified for power saving enhancements for Rel-18 XR SI [1]. It was also agreed that Rel-17 evaluation methodology for XR power consumption will be used as baseline for Rel-18 XR SI [1]. Companies are expected to provide thorough comparison with existing power saving features. For the SI, evaluation results are necessary for any proposed enhancement to be captured as RAN1 input to TR 38.835 [1]. In this meeting, companies’ proposals and evaluation results will be further discussed.
Please check “Observation” and “Question 1” and “Question 2” under each “Discussion 1” section, order of discussions in Section 4 and “FL proposal” in Section 5.
[bookmark: _Ref102151188]CDRX related enhancements
Semi-static periodicity alignment between CDRX and XR traffic
In the past meetings, companies evaluated semi-static periodicity alignment between CDRX and XR traffic and some agreements were made.
Ericsson proposed to configure a new DRX cycle via (i) a fixed time shift for the start of drx-onDurationTimer; and (ii) a number of DRX cycles after which the new shift should be added to align the DRX and XR periodicity. Huawei proposed to configure multiple start offsets within one C-DRX cycle to align with multiple XR data arrivals. vivo proposed to adopt semi-static solutions to align DRX cycle with XR traffic periodicity. OPPO proposed a two-cycle DRX pattern to resolve mismatch between non-integer XR traffic arrival cycle and integer DRX cycle. Intel proposed that RAN1 recommends the semi-static solution for CDRX alignment with XR traffic periodicity by configuring a periodic pattern of CDRX cycles such as consecutive DRX cycles with two DRX cycle values or start offset adjustments every N DRX cycles. ZTE compared performance for various semi-static solutions including non-uniform CDRX cycle, uniform non-integer CDRX cycle, multiple CDRX configurations. Similar performance is observed for these solutions. Qualcomm proposed semi-static configuration of enhanced DRX with non-integer rational numbers in DRX cycles and add floor operations in DRX formulas. CATT evaluated the semi-static alignment and showed that this solution has caused a significant capacity loss. MTK proposed to Introduce non-integer (rational number) DRX cycles to match typical XR traffic patterns

	RAN1 #110

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

RAN1 #110bis-e
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





Table 1: Evaluation results for semi-statically aligning CDRX with XR traffic periodicity
	Company
	Evaluation results

	Ericsson
	Table 2: Results for FR1, high load, Dense Urban scenario, and VR single-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	H
	8
	8
	91.7%
	-
	-

	R1-2210922
	R15/16 DRX (Long DRX)
	10
	8
	4
	H
	8
	7
	86.9%

	4.3%

	4.9%


	R1-2210922
	R15/16 DRX (Short DRX)
	4
	2
	4
	H
	8
	6
	78.2%
	10.4%
	11.0%

	R1-2210922
	Matched CDRX (with our solution)
	16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	7
	87.2%
	10.5%
	11.4%

	R1-2210922
	Matched CDRX (solutions from other companies)
	16.6
(17-17-16 equivalent)
	10
	4
	H
	8
	7
	87.0%
	10.1%
	10.5%

	R1-2210922
	PDCCH skipping & matched CDRX
	16.6
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	7
	87.3%
	15.8%
	16.0%



Table 3: Results for FR1, low load, Dense Urban scenario, and VR single-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	L
	2
	8
	100%
	
	

	R1-2210922
	R15/16 DRX (Long DRX)
	10
	8
	4
	L
	2
	-
	100%
	4.8%
	4.8%

	R1-2210922
	R15/16 DRX (Short DRX)
	4
	2
	4
	L
	2
	-
	100%
	12.4%
	12.4%

	R1-2210922
	Matched CDRX (with our solution)
	16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	12.8%
	12.8%

	R1-2210922
	Matched CDRX (solutions from other companies)
	16.6
(17-17-16 equivalent)
	10
	4
	L
	2
	-
	100%
	12.5%
	12.5%

	R1-2210922
	PDCCH skipping & matched CDRX
	16.6
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	22.5%
	22.5%



Table 4: Results for FR1, high load, Dense Urban scenario, and VR multi-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB), DL audio (10 ms periodicity, 30 ms PDB), UL pose (4 ms periodicity, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	H
	8
	8
	90.1%
	-
	-

	R1-2210922
	R15/16 DRX (Long DRX)
	10
	8
	4
	H
	8
	7
	86.9%
	2.6%
	2.7%

	R1-2210922
	R15/16 DRX (Short DRX)
	4
	2
	4
	H
	8
	6
	80.2%
	6.1%
	6.1%

	R1-2210922
	Matched CDRX (with our solution)
	16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	 7
	85.5%
	7.2%
	7.1%

	R1-2210922
	Matched CDRX (solutions from other companies)
	16.6
(17-17-16 equivalent)
	10
	4
	H
	8
	7
	86.4%
	7.6%
	7.5%

	R1-2210922
	PDCCH skipping & matched CDRX
	16.6
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	7
	84.7%
	7.6%
	7.6%




	Huawei
	[bookmark: _Ref117779710]Table 2. Simulation results of enhanced C-DRX, Dense Urban, DL VR/AR@30Mbps
	Power saving scheme
	CDRX cycle and/or start offsets (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	#UE /cell
	floor (Capacity)
	% of DL satisfied UE
	Mean PSG of all UEs (%)

	Always On
	-
	-
	-
	H
	11
	11
	93.42%
	-

	Legacy C-DRX
	16
	12
	4
	H
	11
	11
	83.20%
	5.57%

	Enhanced C-DRX
	50 {0, 16, 33}
	12
	4
	H
	11
	11
	91.43%
	7.64%


[bookmark: _Ref118364241]Observation 1: To handle periodicity mismatch between C-DRX cycle and XR traffic, configuring multiple start offsets within one C-DRX cycle is effective and simple. 
[bookmark: _Ref118364243]Observation 2: The proposed enhanced C-DRX, i.e., configuring multiple start offsets within one C-DRX cycle, can obtain 7.64% and 2.07% power saving gain compared with Always On baseline and legacy C-DRX scheme, respectively, with marginal loss in DL UE satisfied rate. 
[bookmark: _Ref115183706][bookmark: _Hlk117778748]Proposal 1: To handle periodicity mismatch between C-DRX cycle and XR traffic, 
· Only semi-static solutions are considered
· RAN1 recommends the following semi-static solution to RAN2 
· Configuring multiple start offsets within one C-DRX cycle.


	vivo
	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. 
Proposal 1: Recommend semi-static based DRX enhancements to accommodate the non-integer XR traffic periodicity for R18 XR WI. 

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, VR (60 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%




	CATT
	Proposal 8: DRX enhancement for XR service should not affect other data services.
[bookmark: _Ref118728598]Table 4:  Evaluation results of non-uniform DRX cycles of {17ms, 17ms, 16ms} compared to always-on
	Evaluation Schemes
	#satisfied UEs per cell 
	% of satisfied UEs
	Power Saving Gain (PSG) 
	% of Capacity gain

	Baseline: DG scheduling and UE always-on 
	11.5
	95.8%
	0.0%
	0.0%

	Enhanced C-DRX with (17/17/16, 8, 4) 
	0
	0.0%
	25.5%
	-100%

	Enhanced C-DRX with (17/17/16, 10, 4)
	2.6
	21.7%
	14.8%
	-77.4%

	Enhanced C-DRX  with (17/17/16, 12, 4)
	10.1
	84.2%
	9.3%
	-12.2%



[bookmark: _Ref118728618]Table 5:  Evaluation results of non-uniform DRX cycles of {17ms, 17ms, 16ms} compared to C-DRX（16, 12, 4）
	Evaluation Schemes
	#satisfied UEs per cell 
	% of satisfied UEs
	Power Saving Gain (PSG) 
	% of Capacity gain

	Baseline: DG scheduling with C-DRX(16, 12, 4)
	10.8
	90.0%
	0.0%
	0.0%

	Enhanced C-DRX with (17/17/16, 8, 4) 
	0
	0.0%
	19.0%
	-100%

	Enhanced C-DRX with (17/17/16, 10, 4)
	2.6
	21.7%
	7.4%
	-75.9%

	Enhanced C-DRX  with (17/17/16, 12, 4)
	10.1
	84.2%
	1.4%
	-6.5%



Proposal 9：From the above evaluation results and analysis, it can be obtained the following conclusion:
· The semi-static CDRX enhancement can obtain up to 25.5% PSG, but with 100% capacity loss compared with both always-on and C-DRX (16, 12, 4). The pre-configured non-uniform C-DRX does not handle the excessive delay and delay jitter caused by network transport of XR packets belong to different UE arrived in the same time. 
· The power saving gain achieved by semi-static C-DRX enhancement is less than 1.5%, but with 6.5% capacity loss compared with those of C-DRX (16, 12, 4). Thus, the UE power saving from semi-static C-DRX enhancement without other power saving schemes is negligible.
· The dynamic XR-dedicated PDCCH monitoring scheme customized the PDCCH monitoring control matching XR traffic generation and disassociate the PDCCH monitoring control by C-DRX is the feasible solution for C-DRX enhancement and does not have impact to the delay insensitive traffic arrival compared to the pre-configured non-uniform DRX cycles.


	Intel
	Proposal 1: RAN1 deprioritizes dynamic adjustment of CDRX for alignment with XR traffic periodicity.

Table 1: Power consumption and capacity performance of enhanced DRX using semi-static CDRX alignment and legacy C-DRX. Results are presented for VR and CG in Dense Urban scenario, 4 UEs, DL only with SU-MIMO scheduler. DRX (Cycle, IAT, ON).
	Power Saving Scheme
	Jitter ON
	Jitter OFF

	
	Power consumption (PC)
	#satisfied UEs per cell/ #UEs per cell
PDB 10ms
	#satisfied UEs per cell/ #UEs per cell
PDB 15ms
	Power consumption (PC)
	#satisfied UEs per cell/ #UEs per cell
PDB 10ms
	#satisfied UEs per cell/ #UEs per cell
PDB 15ms

	
	Baseline
	Optional
	
	
	Baseline
	Optional
	
	

	
	Mean PC
	PC of 
5%-tile UE in PC CDF
	PC of 
50%-tile UE in PC CDF
	PC of 
95%-tile UE in PC CDF
	
	
	Mean PC
	PC of 
5%-tile UE in PC CDF
	PC of 
50%-tile UE in PC CDF
	PC of 
95%-tile UE in PC CDF
	
	

	Always On
	116.76
	108.24
	116.13
	127.31
	3.93/4
	3.95/4
	115.19
	107.43
	114.42
	126.9
	3.97/4
	3.99/4

	Legacy CDRX
	DRX (8,6,6)
	111.36
	98.98
	109.41
	127.46
	3.72/4
	3.81/4
	109.67
	98.19
	107.4
	126.03
	3.80/4
	3.89/4

	
	DRX (16,4,14)
	112.99
	102.69
	111.63
	126.18
	3.82/4
	3.89/4
	111.58
	101.94
	109.78
	125.95
	3.84/4
	3.93/4

	w/
eDRX
	DRX (8,6,6)
	108.36
	98.04
	107.36
	121.26
	3.83/4
	3.9/4
	103.05
	93.34
	102.26
	116.97
	3.97/4
	3.99/4

	
	DRX (16,4,14)
	111.43
	102.32
	110.63
	123.13
	3.89/4
	3.93/4
	105.55
	97.76
	104.77
	117.26
	3.97/4
	3.99/4


Proposal 2: RAN1 studies multiple active DRX configurations to support XR traffic with multiple flows.


	OPPO
	Figure 1: Mismatch between DL video @60fps and 16ms DRX cycle with 2ms on duration timer


Figure 2: Two DRX cycles are applied in a semi-static pattern {17ms, 17ms, 16ms}
Proposal 1: The following DRX enhancement can be further studied to solve periodicity mismatch issue:
· To generate a DRX cycle pattern with two inter-DRX interval lengths, either by derivation from configured parameters or by configuration directly.
Proposal 2: The two-cycle DRX pattern is configured to UE via {(traffic periodicity),  (reference time in integer multiple of slot), e (traffic arrival offset in relative to referenced time)}. The -th DRX-ON duration for  has the semi-static start at the -th slot in SFN-th radio frame in the hyper-frame that contains the starting instance of the m-th DRX-ON duration, where SFN and satisfy 

Table 2: Power saving results in FR1 DL Dense Urban with 60fps and 30Mbps traffic model
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Another ODT (ms)
	#UE /cell= floor (Capacity)
	satisfied UE rate
	Mean PSG of all UEs (%)

	Always On
	-
	-
	-
	-
	5
	90.18%
	/

	R15/16 CDRX
	16
	14
	2
	-
	5
	88.77%
	5.11%

	Non-uniform CDRX cycle pattern
	{17,17,16}
	10
	2
	-
	5
	88.77%
	18.72%

	Non-uniform CDRX cycle pattern with dynamic additional ODT
	{17,17,16}
	4
	2
	4
	5
	90.18%
	30.86%



Observation 2: In FR1 Dense Urban, AR/VR 30Mbps and 60fps, the following is observed:
· For R15/16 C-DRX, the power saving gain can be 5.11% with loss of satisfied UE rate less than 1%;
· For non-uniform CDRX cycle pattern, the power saving gain is 18.72% with loss of satisfied UE rate less than 1%;
· For Non-uniform CDRX cycle pattern with dynamic additional on duration timer, the power saving gain is 30.86% with similar satisfied UE rate.


	ZTE
	The performance evaluations of these solutions were provided in Table 1~Table 3 in [3]. The scenarios include indoor hotspot scenario, and dense urban. And results of both joint UL&DL and DL only are provided. Basically, for different cases, CDRX alignment schemes achieve power saving gain as follows.
· For FR1, Indoor Hotspot, [-4,4] ms jitter range, VR30Mbps
· For DL+UL, the CDRX alignment schemes have 23.85%~24% power saving gain.
· For DL only, the CDRX alignment schemes have 33.8%~34% power saving gain.
· For FR1, Dense Urban, [-4,4] ms jitter range, VR45Mbps, DL only, the CDRX alignment schemes have 16%~23% power saving gain.
Proposal 2:	Capture the evaluation results of solutions of matching periodicities between XR traffic and CDRX into TR 38.835.

[bookmark: _Ref110435159]Table 1 Comparison among semi-static RRC configuration approaches.
	
	1)Non-uniform CDRX cycle pattern
	2)Uniform non-integer CDRX cycle
	3)Multiple CDRX configurations

	Performance
	Similar power saving gain with acceptable capacity loss.

	
New CDRX parameters/ 
RRC signaling 

	Low/medium RRC signaling overhead, with new parameters,
Form flexible DRX cycle pattern, e.g., (17,17,16), (16,16,18) etc.
	a set of CDRX parameters are required with new parameters
Form uniform DRX cycle pattern, e.g., (17,17,16)
	
Multiple sets of CDRX parameters are required
with new parameters

	Specification impact
	Complex switching among multiple sub-cycles

	Modified the formula.
The cycle in the formula can be non-integer, e.g., 50/3 ms
	Complex management of multiple sets of timers
Support multiple CDRX in one serving cell


Proposal 3:	RRC-based mechanism e.g., uniform non-integer CDRX cycle, multiple CDRX configurations, is recommended due to small specification impact, small complexity.
[bookmark: _Ref110419830]Table A1 FR1 power consumption results in Indoor Hotspot scenario (VR30M, fps=60, DL + pose/control, jitter = [-4,4]ms)
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all UEs (%)

	Baseline
	-
	-
	-
	11
	11
	93.18%
	-

	R15 CDRX
	10
	8
	4
	11
	11
	90.15%
	6.65%

	
	16
	10
	5
	11
	11
	81.82%
	13.9%

	Non-uniform CDRX cycle 
	(17,17,16)
	6
	4
	11
	11
	90.15%
	23.86%

	Uniform non-integer CDRX cycle
	(1000/60)
	6
	4
	11
	11
	90.15%
	23.85%

	Enhanced multiple CDRX (3 CDRX configurations)
	50ms DRX cycle
	6
	4
	11
	11
	90.11%
	24%



[bookmark: _Ref110952396]Table A2 FR1 power consumption results in Indoor Hotspot scenario (VR30M, fps=60, DL only, jitter = [-4,4]ms)
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all UEs (%)

	Baseline
	-
	-
	-
	11
	11
	93.18%
	-

	R15 CDRX
	10
	8
	4
	11
	11
	90.15%
	7%

	
	16
	10
	5
	11
	11
	81.82%
	18.47%

	Non-uniform CDRX cycle 
	(17,17,16)
	6
	4
	11
	11
	90.15%
	33.9%

	Uniform non-integer CDRX cycle
	(1000/60)
	6
	4
	11
	11
	90.18%
	33.8%

	Enhanced multiple CDRX (3 CDRX configurations)
	50ms DRX cycle
	6
	4
	11
	11
	90.1%
	34%



Table A3 FR1 power consumption results in Dense Urban scenario (VR45M, fps=60, DL only)
	Traffic
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all Ues (%)

	VR45M
Jitter = [-4,4]ms
	Always On
	-
	-
	-
	7
	7
	91.16%
	

	
	Aligned CDRX with XR traffic
	Aligned
every 50ms
	8
	5
	7
	7
	
89.8%
	
23%

	
	Aligned CDRX with XR traffic
	Aligned
every 50ms
	10
	5
	7
	7
	
90.48%
	
16%

	
	Flexible additional active time + aligned CDRX
	Aligned
every 50ms
	2
	5
	7
	7
	
91.84%
	
26.24%

	
	Flexible additional active time + aligned CDRX + PDCCH skipping(duration = 2ms)
	Aligned 
every 50ms
	2
	5
	7
	7
	
91.16%
	
33.5%

	
	WUS(start at the beginning of jitter range,
WUS is monitored
every 1 slot)
	Aligned
every 50ms
	5
	5
	7
	7
	
90.48%
	
24.87%

	
	PDCCH Skipping
(duration = 2ms,4ms)
	Aligned
every 50ms
	10
	5
	7
	7
	84%
	24%

	VR45M
Jitter = [-8,8]ms
	Aligned CDRX with XR traffic
	Aligned
every 50ms
	14
	5
	7
	7
	
87%
	
4.86%

	
	Flexible additional active time + aligned CDRX
	Aligned
every 50ms
	2
	5
	7
	7
	
90.48%
	
20.53%

	
	WUS(start at the beginning of jitter range, 
WUS is monitored
every 1 slot)
	Aligned 
every 50ms
	5
	5
	7
	7
	
86%
	
20.84%

	
	PDCCH skipping
(duration = 2ms,4ms)
	Aligned 
every 50ms
	14
	5
	7
	7
	82%
	9.2%




	MTK
	[bookmark: OLE_LINK895]Proposal 4: RAN1 to capture the evaluation results (including the excel sheet) of CDRX enhancement into the TR and leave remaining works to RAN2, since the spec impact of CDRX enhancement mainly falls in RAN2.
[bookmark: OLE_LINK896]Observation 11: It is not possible to align DRX on-duration occasions with XR traffic using legacy DRX cycles with integer values. This can cause a drop in UE satisfaction rate as shown in Table 1 below.
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	% of DL satisfied UE
	Mean PSG of all UEs (%)

	AlwaysOn - baseline
	0
	0
	0
	12
	12
	94.6%
	0%

	R17 CDRX
	16
	12
	8
	12
	12
	92.7%
	5.4%

	eCDRX (rational DRX cycle)
	(50/3)
	12
	8
	12
	12
	94.3%
	9.9%


Table 1 SLS evaluation results with eC-DRX, FR1, DL-only, DU, CG 30Mbps
Observation 12: As shown by SLS results in Figure 9, eC-DRX using rational DRC cycle value matching CG traffic improves both power savings and UE satisfaction rate compared to Rel-17 C-DRX (PSG improved by 4.5%, UE satisfaction rate improved by 1.6%). 
Proposal 5: Introduce non-integer (rational number) DRX cycles to match typical XR traffic patterns.


	
	

	
	



2.1.1 Discussion 1
In the past meetings, the semi-static CDRX periodicity alignment was prioritized. 
	RAN1 #110

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

RAN1 #110bis-e
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



Based on companies’ performance evaluations, the following observations are made.
Observation
· For FR1, DL + UL joint evaluation, DU, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from Ericsson that 
· Semi-static alignment provides 
· mean power saving gain of 7.4% in the range of 7.2% to 7.6% for all UEs
· mean capacity gain of -4.6% in the range of -5.1% to -4.1%%
· R15/16 CDRX as the performance reference provides 
· mean power saving gain of 4.35% in the range of 2.6% to 6.1% for all UEs
· mean capacity gain of -7.30% in the range of -11% to -3.6%
· For FR1, DL + UL joint evaluation, InH, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from ZTE that 
· Semi-static alignment provides 
· mean power saving gain of 23.8% in the range of 24% to 23.90% for all UEs
· mean capacity gain of -3.33% in the range of -3.33% to -3.33%  
· R15 CDRX as the performance reference provides 
· mean power saving gain of 10.28% in the range of 6.65% to 13.9% for all UEs 
· mean capacity gain of -7.75% in the range of -12.2% to -3.33%
· For FR1, DL only evaluation, DU, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from OPPO, Huawei, Qualcomm, Ericsson and Intel that 
· semi-static alignment provides 
· mean power saving gain of 8.36% in the range of 3.92% to 18.72% for all UEs 
· mean capacity gain of -2.05% in the range of -5.10% to 0.80%
· R15/16 CDRX as the performance reference provides 
· mean power saving gain of 5.68% in the range of 3.23% to 10.4% for all UEs 
· mean capacity gain of -7.61% in the range of -14.70% to -1.60%
· For FR1, DL only evaluation, DU, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from Qualcomm that
· semi-static alignment + R17 PDCCH monitoring adaptation provides 
· mean power saving gain of 27.28% in the range of 24.5% to 30.1% for all UEs 
· mean capacity gain of -4.00% in the range of -7.60% to -2.00%
· R15/16 CDRX + R17 PDCCH monitoring adaptation as the performance reference provides 
· mean power saving gain of 28.1% in the range of 25.7% to 30.6% for all UEs 
· mean capacity gain of -67.68% in the range of -84.80% to -49.70%
· For FR1, DL only evaluation, DU, low load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from Ericsson that 
· semi-static alignment provides 
· mean power saving gain of 12.65% in the range of 12.50% to 12.80% for all UEs 
· capacity gain of 0%
· R15/16 CDRX as the performance reference provides 
· mean power saving gain of 8.60% in the range of 4.80% to 12.40% for all UEs 
· capacity gain of 0%
· For FR1, DL only evaluation, DU, high load, jitter off, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from Intel that 
· semi-static alignment provides 
· mean power saving gain of 9.46% in the range of 8.37% to 10.54% for all UEs 
· capacity gain of 0.0%
· R15/16 CDRX as the performance reference provides 
· mean power saving gain of 3.96% in the range of 3.13% to 4.79% for all UEs 
· mean capacity gain of -3.8% in the range of -3.3% to -4.3%
· For FR1, DL only evaluation, DU, high load, CG 30Mbps traffic at 60fps and 10ms PDB, it is observed from MediaTek and Intel that 
· semi-static alignment provides 
· mean power saving gain of 7.22% in the range of 4.56% to 9.90% for all UEs 
· mean capacity gain of -0.70% in the range of -1.30% to -0.3%
· R15/16 CDRX as the performance reference provides 
· mean power saving gain of 4.42% in the range of 3.23% to 5.40% for all UEs 
· mean capacity gain of -2.33% in the range of -3.5% to -1.5%
· For FR1, DL only evaluation, DU, high load, jitter off, CG 30Mbps traffic at 60fps and 10ms PDB, it is observed from Intel that 
· semi-static alignment provides 
· mean power saving gain of 9.46% in the range of 8.37% to 10.54% for all UEs 
· capacity gain of 0%
· R15/16 CDRX as the performance reference provides 
· mean power saving gain of 3.96% in the range of 3.13% to 4.79% for all UEs 
· mean capacity gain of -2.0% in the range of -1.5% to -2.5%
· For FR1, DL only evaluation, InH, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from ZTE, vivo and CATT that 
· semi-static alignment provides 
· mean power saving gain of 23.05% in the range of 9.30% to 34% for all UEs with 
· mean capacity gain of -28.54% in the range of -100% to -0.60%
· R15/16 CDRX as the performance reference provides 
· mean power saving gain of 10.67% in the range of 3.46% to 18.70% for all UEs with 
· mean capacity gain of -27.63% in the range of -97.00% to -0.70%
· For FR1, DL only evaluation, InH, low load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from vivo that 
· semi-static alignment provides 
· power saving gain of 13.05% for all UEs with 
· capacity gain of 0%
· R15/16 CDRX as the performance reference provides 
· mean power saving gain of 11.89% in the range of 3.67% to 22.17% for all UEs with 
· mean capacity gain of -26.30% in the range of 0% to -88.3%
· For FR2, DL only evaluation, InH, high load, jitter off, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from Qualcomm that 
· semi-static alignment provides 
· mean power saving gain of 8.98% in the range of 0.30% to 18.93% for all UEs 
· capacity gain of 0%
· R15/16 CDRX as the performance reference provides 
· mean power saving gain of 12.53% in the range of 0.29% to 28.60% for all UEs 
· mean capacity gain of -51.10% in the range of -100% to 0%
· For FR2, DL only evaluation, InH, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from Qualcomm that 
· semi-static alignment provides 
· mean power saving gain of 11.94% in the range of 2.43% to 25.10% for all UEs 
· mean capacity gain of -26.30% in the range of -70.00% to -2.2%
· R15/16 CDRX as the performance reference provides 
· mean power saving gain of 14.06% in the range of 4.10% to 28.44% for all UEs 
· mean capacity gain of -57.4% in the range of -100% to -27.8%

Question 1: Do you have any further comments on the observations given the agreements above?

	Company
	Views

	ZTE, Sanechips
	For various scenarios, e.g.,FR1/FR2, InH/DU, VR/CG, semi-static alignment provides clear power saving gain. Perhaps we can further discuss whether or not recommend detailed alternatives of those semi-static alignment solutions which provide power saving benefits, e.g., Uniform non-integer CDRX cycle, Multiple CDRX configurations, etc.

	OPPO2
	We are generally fine with the above observations except the following modifications, since it is observed from our Tdoc [R1-2211490] that R15/16 CDRX provides capacity gain of -1.41%.
· For FR1, DL only evaluation, DU, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from OPPO, Huawei, Qualcomm, Ericsson and Intel that 
· semi-static alignment provides 
· mean power saving gain of 8.36% in the range of 3.92% to 18.72% for all UEs 
· mean capacity gain of -2.05% in the range of -5.10% to 0.80%
· R15/16 CDRX as the performance reference provides 
· mean power saving gain of 5.68% in the range of 3.23% to 10.4% for all UEs 
· mean capacity gain of -7.61% in the range of -14.70% to -1.60% -1.41%
Sorry for my misunderstanding for the calculation, my fault!! We are fine with the above observations😊

	Nokia1
	Firstly, a note that our document also contained results for the semi-static periodicity alignment (indicated by Cyclic Pattern {16,17,17} in R1-2211551). It would be good if those could accounted here as well (i.e. as included below in Section 2.2.1 by FL):
· For FR1, DL only evaluation, InH, high load, CG 30Mbps traffic at 60fps and 10ms PDB, it is observed from Nokia that 
· semi-static CDRX periodicity alignment provides 
· power saving of 16.00% 
· capacity gain of -55.6%
· R15/16 CDRX provides 
· mean power saving gain of 13.30% for all UEs 
· capacity gain of -33.3%
· For FR1, DL only evaluation, InH, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from Nokia that 
· semi-static CDRX periodicity alignment and R15/16 CDRX provides 
· capacity gain of -100%

In general we think that it is probably good to keep the observations generic, as the detailed solution would be under RAN2 jurisdiction. 

	Intel
	We think this is valuable observation and should be captured in TR. Few comments:
· PDB for CG should be corrected to 15ms
· Some observations mention ‘jitter OFF’, while some do not explicitly mention anything. Jitter ON and OFF assumption can be explicitly captured in all bullets


	Xiaomi
	Generally fine with the observations. But should we add another bullet to say what the semi-static solutions are?






[bookmark: _Ref103001283][bookmark: _Ref111471145]Dynamic periodicity alignment between CDRX and XR traffic
Nokia proposed to propose to consider auxiliary L1/L2 signalling to dynamically adapt DRX parameters in addition to semi-static solution to better align XR traffic and C-DRX operation. ZTE proposed dynamic CDRX enhancement to adjust at least the parameter of CDRX StartOffset. Qualcomm proposed dynamic adaptation of On Duration start and PDCCH skipping over remaining DRX active time within On Duration or Inactivity Timer. Evaluation results are provided in the Table 2.
China Telecom, Sony, Lenovo, Panasonic, Rakuten Symphony, Xiaomi, CMCC, ETRI, LGE, InterDigital, OPPO, and DOCOMO also proposed dynamic adjustment of CDRX parameters (start offset, CDRX On Duration and/or CDRX cycle). 

[bookmark: _Ref102373400]Table 2: Evaluation results for dynamically aligning CDRX with XR traffic periodicity
	Company
	Evaluation results

	Nokia
	Observation 1: Semi-static solutions cannot fully solve the XR and DRX periodicity mismatch as in the beginning of the connection is not fully known in advance and in the presence of additional sources of unpredictable delay like scheduling and queuing.
Observation 2: Dynamic solutions based on L1/L2 signalling can work in combination with semi-static solutions to cope with problems highlighted in Observation 1 until the frame arrival process is learned at the beginning of the connection or updated during the XR session.
Observation 3: Dynamic solutions enable additional flexibility in the reconfiguration of the DRX parameters. For example, they can control the OnDuraiton in addition to the startOffset to further reduce UE power consumption with negligible impact on XR capacity.
To compare static and dynamic solutions, we randomly select the beginning of the XR connection for each UE after its connection to the cell and we compare the following power saving schemes:
· ON: UEs are “always ON” (i.e., any power saving scheme disabled). This is the baseline used in [2].
· CDRX(16,8,8): baseline for R16/17 power saving features. The CDRX cycle is configured using the following parameters {DRX LongCycle, OnDuration, InactivityTime} = {16, 8, 8}.
· Cyclic Pattern [LongCycle={16,17,17}, Onduration=8, InactivityTimer=8]: CDRX with cyclic pattern for LongCycle={16,17,17}. LongCycle is selected in round robin, while OnDuration and Inactivity Time are both set to 8ms like the baseline CDRX. This is the baseline for static solutions.
· ADRX 1 [CDRX(16,8,8) + Dynamic L1/L2 adjustment of StartOffset]: Adaptive DRX based on dynamic L1/L2 signalling on top of CDRX(16,8,8). This scheme dynamically adapts only the StartOffset until frame arrivals are within [-4;+4]ms from the learnt center-point. To this end, we set  = 4ms and S = ─4ms. All other parameters remain fixed.
· ADRX 2 [CDRX(LongCycle,8,8) + LongCycle={16,17,17} + Dynamic L1/L2 adjustment of StartOffset]: Adaptive DRX based on dynamic L1/L2 signalling on top of CDRX Pattern. This scheme dynamically adapts only the StartOffset until frame arrivals are within [-4;+4]ms from the learnt center-point (i.e., we set  = 4ms and S = ─4ms), while LongCycle is selected in round robin in {16,17,17} . All other parameters remain fixed.
· ADRX 3 [CDRX(X*16,X*8,X*8) + Dynamic L1/L2 X={1/2,1/4,1}]: Adaptive DRX based on dynamic L1/L2 signalling on top of CDRX(16,8,8). This scheme dynamically adapts all parameters of the DRX configuration using a simple multiplier to scale down the values if frame delivery time approaches a threshold set equal to 10ms.

Observation 4: In the absence of knowledge about the beginning of XR traffic arrivals (i.e., the central point of the jitter range) and high traffic load, semi-static solutions cannot be optimally configured and suffers high capacity loss.
Observation 5: Dynamic signalling of StartOffset working on top of semi-static solutions like Cyclic Pattern for DRX Long Cycle helps mitigating capacity loss.
Observation 6: Solutions based on L1/L2 dynamic signalling shows similar power saving gain as (semi) static solutions if only StartOffset is reconfigured.
Observation 7: Solutions based on L1/L2 dynamic signalling shows higher power saving gain than (semi) static solutions if multiple DRX parameters are reconfigured.
Proposal 1: For enhancement of CDRX to align with XR traffic periodicity (i.e., Issue 1-1), we propose to consider auxiliary L1/L2 signalling to dynamically adapt DRX parameters in addition to semi-static solution to better align XR traffic and C-DRX operation.
[bookmark: _Ref118646132]Table 1 – Evaluation of enhanced ADRX enhancement for {Indoor Hotspot, CG, DL Only, 30Mbps, FR1}. Option 1: PS gain computed with All UEs.
	Power Saving Scheme
	Power Saving Gain (PSG) compared to ‘Always ON’
	#satisfied UEs per cell with PS / #satisfied UEs per cell w/o PS
	Capacity with PS
[#satisfied UEs/cell with PS]
	Percentage of satisfied UEs per cell with PS at #satisfied UEs cell w/o PS

	
	Baseline
	
	
	

	
	Mean PS gain
	
	
	

	Always ON
	-
	5.4 / 6
	6
	90%

	CDRX(16,8,8)
	13.3%
	3.6 / 6
	4
	60%

	Cyclic Pattern
{16,17,17}
	16%
	2.4 / 6
	3
	40%

	ADRX 1
	15%
	3.7 / 6
	4
	62%

	ADRX 2
	15%
	3.7 / 6
	4
	62%

	ADRX 3
	19%
	4.5 / 6
	5
	75%



[bookmark: _Ref118646134]Table 2 – Evaluation of enhanced ADRX enhancement for {Indoor Hotspot, AR/VR, DL Only, 30Mbps, FR1}. Option 1: PS gain computed with All UEs
	Power Saving Scheme
	Power Saving Gain (PSG) compared to ‘Always ON’
	#satisfied UEs per cell with PS / #satisfied UEs per cell w/o PS
	Capacity with PS
[#satisfied UEs/cell with PS]
	Percentage of satisfied UEs per cell with PS at #satisfied UEs cell w/o PS

	
	Baseline
	
	
	

	
	Mean PS gain
	
	
	

	Always ON
	-
	4.7 / 5
	5
	95%

	CDRX(16,8,8)
	-
	0 / 5
	0
	0%

	Cyclic Pattern
{16,17,17}
	-
	0 / 5
	0
	0%

	ADRX 1
	15%
	1.25 / 5
	3
	25%

	ADRX 2
	15%
	1.25 / 5
	3
	25%

	ADRX 3
	19%
	3.75 / 5
	4
	70%




	ZTE
	Proposal 1:   Support dynamic CDRX enhancement to adjust at least the parameter of CDRX StartOffset.
[bookmark: _Ref110953618]Table 3 FR1 power consumption results in Indoor Hotspot scenario (VR30M, fps=60, DL + pose/control) [R1-2207061]
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all UEs (%)

	Dynamic indication
	50
	6
	4
	11
	11
	90.1%
	23%

	Non-uniform CDRX cycle 
	17-17-16
	6
	4
	11
	11
	90.15%
	23.86%

	Uniform non-integer CDRX cycle
	(1000/60)
	6
	4
	11
	11
	90.15%
	23.85%

	Multiple CDRX (3 CDRX configurations)
	50ms DRX cycle
	6
	4
	11
	11
	90.11%
	24%



[bookmark: _Ref110953621]Table 4 FR1 power consumption results in Indoor Hotspot scenario (VR30M, fps=60, DL only) [R1-2207061]
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all UEs (%)

	Dynamic indication
	50
	6
	4
	11
	11
	90.1%
	33%

	Non-uniform CDRX cycle 
	17-17-16
	6
	4
	11
	11
	90.15%
	33.9%

	Uniform non-integer CDRX cycle
	(1000/60)
	6
	4
	11
	11
	90.18%
	33.8%

	Multiple CDRX (3 CDRX configurations)
	50ms DRX cycle
	6
	4
	11
	11
	90.1%
	34%




	Qualcomm
	Observation 9: Using fixed CDRX parameters may have negative impact on delays (PDB) and power consumption for XR traffic.
Observation 10: For FR2, DL VR 30Mbps in Indoor Hotspot environment, dynamically adapting some of the (e)CDRX parameters can achieve considerable capacity gains over (e)CDRX
Proposal 4: For XR, consider studying methods to dynamically adapt the CDRX parameters to the traffic bursts, specifically: 
· ON duration start
· Inactivity timer early termination
· PDCCH skipping/SSSG switching indication using a non-scheduling DCI
	[image: ]
(a) PDDCH skipping inside ON duration only
	[image: ]
(b) PDCCH skipping inside ON duration and for IAT


[bookmark: _Ref111193938]Figure 11: FR2 InH Relative Power Consumption, VR (30Mbps), with Jitter, PDB =10ms
[bookmark: _Ref111193951]Table 4:  Summary of FR2 InH Power Consumption Results for 7UE per Cell, VR (30Mbps), PDB =10ms 
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	% of satisfied UE
	Median PSG of all UEs (%) relative to baseline
	Mean PSG of all UEs (%) relative to baseline

	[note 1] Baseline: 
eCDRX + PDCCH skipping
	16
	4
	4
	27%
	0%
	0%

	
	16
	8
	8
	84%
	0%
	0%

	
	16
	8
	16
	88%
	0%
	0%

	[note 1] Enhancement:
eCDRX + PDCCH skipping + Adaptive ON Start
	16
	4
	4
	27%
	43.8%
	42.4%

	
	16
	8
	8
	84%
	38.6%
	38.1%

	
	16
	8
	16
	88%
	34.6%
	34.4%

	[note 2] Baseline: 
eCDRX + PDCCH skipping
	16
	4
	4
	27%
	0%
	0%

	
	16
	8
	8
	84%
	0%
	0%

	
	16
	8
	16
	88%
	0%
	0%

	[note 2] Enhancement:
eCDRX + PDCCH skipping  + Adaptive ON Start
	16
	4
	4
	27%
	54.7%
	53.3%

	
	16
	8
	8
	84%
	56.1%
	55.3%

	
	16
	8
	16
	88%
	54.1%
	53.3%

	Note 1: PDCCH skipping inside ON duration only
Note 2: PDCCH skipping inside ON duration and for IAT (early IAT termination)
	



[bookmark: _Ref118385760]Table 5:  Summary of FR2 InH Power Consumption Results for 7UE per Cell, VR (30Mbps), PDB =10ms 
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	% of satisfied UE
	Median PSG of all UEs (%) relative to baseline (ALWAYS ON)
	Mean PSG of all UEs (%) relative to baseline (ALWAYS ON)

	Baseline: ALWAYS ON
	N/A
	N/A
	N/A
	90%
	0%
	0%

	[note 1] 
eCDRX + PDCCH skipping
	16
	4
	4
	27%
	29.4%
	31.5%

	
	16
	8
	8
	84%
	16.0%
	17.4%

	
	16
	8
	16
	88%
	11.7%
	12.7%

	[note 1] Enhancement:
eCDRX + PDCCH skipping + Adaptive ON Start
	16
	4
	4
	27%
	60.3%
	60.5%

	
	16
	8
	8
	84%
	48.4%
	48.9%

	
	16
	8
	16
	88%
	42.3%
	42.7%

	[note 2] 
eCDRX + PDCCH skipping
	16
	4
	4
	27%
	44.3%
	45.5%

	
	16
	8
	8
	84%
	42.3%
	43.1%

	
	16
	8
	16
	88%
	43.0%
	43.7%

	[note 2] Enhancement:
eCDRX + PDCCH skipping + Adaptive ON Start
	16
	4
	4
	27%
	74.8%
	74.5%

	
	16
	8
	8
	84%
	74.7%
	74.6%

	
	16
	8
	16
	88%
	73.8%
	73.7%

	Note 1: PDCCH skipping inside ON duration only
Note 2: PDCCH skipping inside ON duration and for IAT (early IAT termination)
	



Proposal 5: Capture evaluation results in Table 4 and Table 5 for adaptive On Duration Start in TR 38.835.

	
	

	
	



2.2.1 Discussion 1
Based on companies’ performance evaluations, the following observations are made.
Observation
· For FR1, DL + UL joint evaluation, InH, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from ZTE that 
· dynamic alignment provides 
· power saving gain of 23% for all UEs 
· satisfied UE ratio of 90.1%
· semi-static alignment as the performance reference provides 
· mean power saving gain of 23.90% in the range of 23.85% to 24% for all UEs 
· mean satisfied UE ratio of 90.14% in the range of 90.11% to 90.15%.
· For FR1, DL only evaluation, InH, high load, CG 30Mbps traffic at 60fps and 10ms PDB, it is observed from Nokia that 
· adaptive DRX provides 
· mean power saving gain of 16.33% in the range of 15.00% to 19.00% for all UEs 
· mean capacity gain of -26.3% in the range of -31.1% to -16.7%
· semi-static CDRX periodicity alignment provides 
· power saving of 16.00% 
· capacity gain of -55.6%
· R15/16 CDRX provides 
· mean power saving gain of 13.30% for all UEs 
· capacity gain of -33.3%
· For FR1, DL only evaluation, InH, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from Nokia that 
· adaptive DRX provides 
· mean power saving gain of 16.33% in the range of 15.00% to 19.00% for all UEs 
· mean capacity gain of -57.90% in the range of -73.7% to -26.3%
· semi-static CDRX periodicity alignment and R15/16 CDRX provides 
· capacity gain of -100%
· For FR1, DL joint evaluation, InH, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from ZTE that 
· dynamic alignment provides power 
· saving gain of 33% for all UEs 
· satisfied UE ratio of 90.1%. 
· semi-static alignment as the performance reference provides 
· mean power saving gain of 33.90% in the range of 33.80% to 34% for all UEs 
· mean satisfied UE ratio of 90.14% in the range of 90.1% to 90.18%.
· For FR2, DL joint evaluation, InH, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from Qualcomm that 
· adaptative On Start (on top of semi-static alignment and PDCCH skipping) provides 
· mean power saving gain of 62.48% in the range of 42.70% and 74.60% for all UEs 
· mean capacity gain of -26.30% in the range of -70.0% to -2.2%
· semi-static alignment and PDCCH skipping as the performance reference provides 
· mean power saving gain of 32.32% in the range of 12.70% to 45.50% for all UEs 
· mean capacity gain of -26.30% in the range of -70.0% to -2.2%

Question 1: Do you have any comments on proponent companies’ proposals and observations?

	Company
	Views

	ZTE, Sanechips
	There’s a typo in last two bullets: DL joint -> DL only
In our view, we prefer to take dynamic solution as an optional feature to ensure the robustness of CDRX for XR services.

	Intel
	Few comments:
· We think some of the assumptions on jitter and packet arrival taken to motivate dynamic solutions need to be cross-checked carefully, given SA2 agreed that Traffic jitter information is to be provided to the NG-RAN at PDU Session Establishment/Modification via an NGAP Message, and it is FFS  how 5GC derives the above information. In this regard, 5G-RAN is expected to have some jitter information and under steady state conditions, jitter range/center point of traffic arrival is not expected to change frequently in our view.
· Moreover, significant performance gain is observed when semi-static alignment is assumed wrt Always ON and legacy C-DRX and additional performance gain observed wrt semi-static alignment due to adaptive C-DRX is marginal from Nokia’s result. Also, it is not clear why CDRX alignment performs worse or comparable to legacy C-DRX in terms of capacity performance. 
· It is not clear from Qualcomm’s result what is additional gain wrt semi-static alignment only.
· Mean satisfied UE ratio and capacity are interchangeably used? 
· CG PDB should be 15ms

	Xiaomi
	Generally fine with the structure of the observation. But suggest to give clear definition of the terminologies we use, such as  “adaptive DRX” “dynamic alignment”

	OPPO
	Correct our position in the summary part.



Question 2: Do you support the proponent companies’ proposals or not, and why? 
	Company
	Views

	vivo
	We don’t support dynamic periodicity alignment between CDRX and XR traffic. The reasons are as follows.
· Semi-static method for periodicity alignment is sufficient because of regularity of XR traffic pattern. DCI-based CDRX adjustment has no additional benefit for solving non-integer traffic periodicity.
· 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.
· The use case where the centre point of XR traffic arrival to RAN could be drifted and whether the core network can provide with the range and frequency of the drift to RAN RAN are not justified yet. 

	MTK
	Not support. We tend to think alignment between CDRX and XR traffic can be achieved by semi-static methods. Dynamic methods can be considered if the intention is to solve jitter issue, while at the same time we recall RAN1 is not sure whether NW can have instantaneous jitter value for each traffic arrival.

	ZTE
	We support the proposal of dynamic solution, because that potentially provide more robust CDRX configuration for XR services.

	
	




Additional active time
ZTE proposed flexible (UE autonomous) additional active time if UE does not receive data within current active time. Nokia proposed the automatic Extension of Active Time (EAT) to extend DRX active time if XR frame does not arrive before the On Duration timer expires. ZTE also proposed to define XR specific RNTI to distinguish non-XR traffic with XR specific traffic. OPPO proposed to use dynamic signaling such as a DCI to trigger additional On Duration if the data packet arrives after the On Duration expires. vivo evaluated the additional On-Duration scheme and existing R17 PDCCH monitoring adaptation scheme. It shows additional On-Duration has slightly worse performance results in terms of power saving gain and capacity. Evaluation results can be found in the Table 3. CMCC, ETRI also proposed the extension of DRX On Duration. 
Ericsson proposed that UE can resume PDCCH monitoring during the time that drx-RetransmissionTimerDL is running, regardless of previous PDCCH skipping indications. vivo proposed that if there is NACK feedback during the skipping duration, UE resumes PDCCH monitoring to receive corresponding retransmission scheduling within the drx-retransmissiontimer. Additionally, network can dynamically enable or disable this mechanism for the indicated PDCCH skipping, e.g., according to the remaining PDB etc. MediaTek proposed that after the UE is indicated to skip PDCCH monitoring, if any NACK is transmitted or if UL data is transmitted, the UE resumes PDCCH monitoring for a configured duration. Evaluation results can be found in Table 3. ZTE evaluated the PDCCH monitoring resuming and observed marginal gain. Huawei, OPPO, ETRI, NEC, LGE, Samsung, III also proposed to resume PDCCH monitoring after PDCCH skipping starts if UE sends NACK.

These proposals and evaluation results were discussed in following proposals in RAN1 #110bis-e, but there was no consensus to adopt any of them.
	Proposal A: Support UE autonomous extension of DRX active time for Rel-18 XR-specific power saving enhancements
· Define XR specific RNTI to distinguish non-XR traffic with XR specific traffic
Proposal B: Support DCI triggered additional DRX active time for Rel-18 XR-specific power saving enhancements




[bookmark: _Ref117860054]Table 3: Evaluation results for CDRX On Duration adaptation
	Company
	Evaluation results

	Ericsson
	
[image: ]

[bookmark: _Ref118379852]Figure 1 Illustration of NACK sent in the same DRX Active Time as PDCCH skipping indication. In this example, with the current specifications, the retransmission cannot be sent to the UE in the same Active Time.

[image: ]
[bookmark: _Ref118472885]Figure 2 Illustration of NACK sent in a DRX Active Time subsequent to the Active Time where the PDCCH skipping indication was sent.
[image: ]
[bookmark: _Ref118481437]Figure 3 Illustration of NACK sent in the same DRX Active Time as PDCCH skipping indication, after enhancement.
Proposal 3 UE can resume PDCCH monitoring during the time that drx-RetransmissionTimerDL is running, regardless of previous PDCCH skipping indications.
[bookmark: _Ref118132545]Table 2: Results for FR1, high load, Dense Urban scenario, and VR single-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	H
	8
	8
	91.7%
	-
	-

	R1-2210922
	R15/16 DRX (Long DRX)
	10
	8
	4
	H
	8
	7
	86.9%

	4.3%

	4.9%


	R1-2210922
	R15/16 DRX (Short DRX)
	4
	2
	4
	H
	8
	6
	78.2%
	10.4%
	11.0%

	R1-2210922
	Matched CDRX (with our solution)
	16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	7
	87.2%
	10.5%
	11.4%

	R1-2210922
	Matched CDRX (solutions from other companies)
	16.6
(17-17-16 equivalent)
	10
	4
	H
	8
	7
	87.0%
	10.1%
	10.5%

	R1-2210922
	PDCCH skipping & matched CDRX
	16.6
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	7
	87.3%
	15.8%
	16.0%



[bookmark: _Ref118397484]Table 3: Results for FR1, low load, Dense Urban scenario, and VR single-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	L
	2
	8
	100%
	
	

	R1-2210922
	R15/16 DRX (Long DRX)
	10
	8
	4
	L
	2
	-
	100%
	4.8%
	4.8%

	R1-2210922
	R15/16 DRX (Short DRX)
	4
	2
	4
	L
	2
	-
	100%
	12.4%
	12.4%

	R1-2210922
	Matched CDRX (with our solution)
	16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	12.8%
	12.8%

	R1-2210922
	Matched CDRX (solutions from other companies)
	16.6
(17-17-16 equivalent)
	10
	4
	L
	2
	-
	100%
	12.5%
	12.5%

	R1-2210922
	PDCCH skipping & matched CDRX
	16.6
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	22.5%
	22.5%



[bookmark: _Ref118132127]Table 4: Results for FR1, high load, Dense Urban scenario, and VR multi-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB), DL audio (10 ms periodicity, 30 ms PDB), UL pose (4 ms periodicity, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	H
	8
	8
	90.1%
	-
	-

	R1-2210922
	R15/16 DRX (Long DRX)
	10
	8
	4
	H
	8
	7
	86.9%
	2.6%
	2.7%

	R1-2210922
	R15/16 DRX (Short DRX)
	4
	2
	4
	H
	8
	6
	80.2%
	6.1%
	6.1%

	R1-2210922
	Matched CDRX (with our solution)
	16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	 7
	85.5%
	7.2%
	7.1%

	R1-2210922
	Matched CDRX (solutions from other companies)
	16.6
(17-17-16 equivalent)
	10
	4
	H
	8
	7
	86.4%
	7.6%
	7.5%

	R1-2210922
	PDCCH skipping & matched CDRX
	16.6
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	7
	84.7%
	7.6%
	7.6%




	vivo
	Table 5. Results for FR1, MU-MIMO, Indoor Hotspot, DL video (60 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.


Figure 4. The causing XR traffic missing by adopting autonomous additional DRX onduration scheme
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.
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. 


	OPPO
	

Figure 3 jitter issue when short DRX on duration timer is configured
Observation 1: There would exist early/late packet arrival issue since gNB may configure DRX on duration timer shorter than jitter range, and late packet arrival would lead to longer scheduling latency and additional power consumption.


Figure 4 Additional on duration time duration DRX off
Proposal 3: An additional DRX on-duration time can be dynamically indicated to UE to solve jitter issue.
Table 2: Power saving results in FR1 DL Dense Urban with 60fps and 30Mbps traffic model
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Another ODT (ms)
	#UE /cell= floor (Capacity)
	satisfied UE rate
	Mean PSG of all UEs (%)

	Always On
	-
	-
	-
	-
	5
	90.18%
	/

	R15/16 CDRX
	16
	14
	2
	-
	5
	88.77%
	5.11%

	Non-uniform CDRX cycle pattern
	{17,17,16}
	10
	2
	-
	5
	88.77%
	18.72%

	Non-uniform CDRX cycle pattern with dynamic additional ODT
	{17,17,16}
	4
	2
	4
	5
	90.18%
	30.86%



Observation 2: In FR1 Dense Urban, AR/VR 30Mbps and 60fps, the following is observed:
· For R15/16 C-DRX, the power saving gain can be 5.11% with loss of satisfied UE rate less than 1%;
· For non-uniform CDRX cycle pattern, the power saving gain is 18.72% with loss of satisfied UE rate less than 1%;
· For Non-uniform CDRX cycle pattern with dynamic additional on duration timer, the power saving gain is 30.86% with similar satisfied UE rate.


	ZTE
	Proposal 4:	Capture solutions and evaluation results for jitter handling into TR 38.835.
Proposal 5:  Support flexible additional active time based on current CDRX design, with minor specification change.
[bookmark: _Ref118381434]Table 5 FR1 power consumption results in Indoor scenario (VR45Mbps, fps=60, DL only, jitter=[-8,8]ms)
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all Ues (%)

	Aligned CDRX with XR traffic
	Aligned 
every 50ms
	14
	5
	7
	7
	88.10%
	4.60%

	Aligned CDRX with XR traffic
	Aligned 
every 50ms
	12
	5
	7
	7
	80%
	9.46%

	Flexible additional active time + aligned CDRX 
	Aligned 
every 50ms
	2
	4
	7
	7
	89.48%
	19%

	PDCCH Skipping
(duration = 2ms,4ms)
	Aligned 
every 50ms
	14
	5
	7
	7
	72.62%
	10.84%

	PDCCH skipping with dummy grant
(duration = 4ms,8ms)
	Aligned 
every 50ms
	14
	5
	7
	7
	80.95%
	13.03%



Table 6 FR1 power consumption results in Dense Urban scenario (VR45Mbps, fps=60, DL only, jitter=[-8,8]ms)
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all Ues (%)

	Aligned CDRX with XR traffic
	Aligned 
every 50ms
	14
	5
	7
	7
	85%
	4.50%

	Flexible additional active time + aligned CDRX 
	Aligned 
every 50ms
	2
	4
	7
	7
	84%
	18%

	PDCCH Skipping
(duration = 2ms,4ms)
	Aligned 
every 50ms
	14
	5
	7
	7
	74%
	9.6%

	PDCCH skipping with dummy grant
(duration = 4ms,8ms)
	Aligned 
every 50ms
	14
	5
	7
	7
	80%
	12%



Observation 2:   For FR1, Indoor, [-8,8]ms jitter range, VR45M, DL only, 
· Flexible additional active time has 19% PSG with 89.48% of satisfied UE 
· PDCCH skipping with dummy grant has 13.03% PSG with 80.95% of satisfied UE
· PDCCH skipping indicated in last transmission slot has 10.84% PSG with 72.62% of satisfied UE

Observation 3:   For FR1, Dense Urban, [-8,8]ms jitter range, VR45M DL only, 
· Flexible additional active time has 18% PSG with 84% of satisfied UE 
· PDCCH skipping with dummy grant has 12% PSG with 80% of satisfied UE
· PDCCH skipping indicated in last transmission slot has 9.6% PSG with 74% of satisfied UE

Observation 4:   For evaluation of power saving techniques, the limitations of legacy PDCCH skipping should be accounted.
· PDCCH skipping is indicated in a scheduling DCI
· The PDCCH skipping duration may delay potential retransmission scheduling
· PDCCH skipping with dummy grant costs additional power consumption due to decoding PDSCH and transmitting HARQ-ACK to the dummy grant
Proposal 6:   There is no need to enhance Rel-17 PDCCH skipping for re-transmission.

	Nokia [R1-2209535]
	[image: ]
[bookmark: _Ref114915138]Figure 7 – Active time extension applied when packet arrival is after On Duration. We assumed that 1 packet is expected to arrive per DRX cycle.

Observation 6: If the network can configure the UE with the number of expected frames to be received and/or transmitted during a CDRX cycle, then the UE can automatically extend the active time if the number of received and/or transmitted frames are smaller than the expected values.
Observation 7: Active time extension adds the flexibility required to configure CDRX with the best trade-off between user satisfaction and power saving for XR traffic, provided that network and UE knows the number of expected frames to be received and/or transmitted during a CDRX cycle.
	[image: ]
(a) CDRX w/o Extension of Active Time
	[image: ]
(b) CDRX w/ Extension of Active Time.


[bookmark: _Ref114915719]Figure 9 – Capacity of CDRX configurations w/ and w/o Extension of Active Time (EAT) for CG traffic (Video Single-Stream) in Indoor Hotspot deployment (FR1) with X=99% of frames received within PDB and cells evenly loaded.

[image: ]
[bookmark: _Ref114918439]Figure 10 – Power saving gain of CDRX configurations w/ Extension of Active Time (EAT) in Indoor Hotspot deployment (FR1) with X=99% of frames received within PDB and cells evenly loaded. Power saving gain shall be ignored when there is no user that is satisfied (i.e., XR capacity is zero).

[bookmark: _Int_8wFaXWBI]Observation 8: Automatic Extension of Active Time improves the power saving gain with respect to CDRX since it allows to define a relatively short onDuration with respect to the jitter range that is extended automatically only when a frame(s) do not arrive before the onDuration timer is expired.
Observation 9: Given the frame arrival distribution of XR traffic, Active time needs to be extended very seldomly beyond the (short) onDuration timer.
Proposal 4: We propose to consider automatic extension of UE Active Time of CDRX based on the frame arrival to enable enhanced power saving.
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2.3.1 Discussion 1
Based on companies’ performance evaluations, the following observations are made for additional DRX active time
Observation
· For FR1, DL and joint evaluation, InH, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from ZTE that 
· on top of eCDRX, additional active time provides 
· power saving gain of 14.18% for all UEs 
· satisfied UE ratio of 90%. 
· eCDRX as the performance reference provides 
· power saving gain of 7.5% for all UEs 
· satisfied UE ratio of 88.36%.
· For FR1, DL and UL joint evaluation, InH, high load, VR 45Mbps traffic at 60fps and 10ms PDB, it is observed from ZTE that 
· on top of eCDRX, additional active time provides 
· power saving gain of 15.16% for all UEs 
· satisfied UE ratio of 88.1%. 
· eCDRX as the performance reference provides 
· power saving gain of 7.5% for all UEs 
· satisfied UE ratio of 90%.
· For FR1, DL and joint evaluation, InH, high load, CG 30Mbps traffic at 60fps and 10ms PDB, it is observed from ZTE that 
· on top of eCDRX, additional active time provides 
· power saving gain of 21.3% for all UEs 
· satisfied UE ratio of 88.19%. 
· eCDRX as the performance reference provides 
· power saving gain of 21.2% for all UEs 
· satisfied UE ratio of 84%.
· For FR1, DL only, InH, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from ZTE that 
· with eCDRX, additional active time provides 
· power saving gain of 30% for all UEs 
· satisfied UE ratio of 90%. 
· eCDRX as the performance reference provides power 
· saving gain of 10.4% for all UEs 
· satisfied UE ratio of 88.36%.
· For FR1, DL only, InH, low load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from vivo that 
· on top of eCDRX, additional active time provides 
· power saving gain of 18.73% for all UEs 
· capacity gain of 0% 
· eCDRX with R17 PDCCH monitoring adaptation as the performance reference provides 
· power saving gain of 23.36% for all UEs 
· capacity gain of 0% 
· For FR1, DL only, InH, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from vivo that 
· with eCDRX, additional active time provides 
· power saving gain of 14.68% for all UEs 
· capacity gain of -1.1% 
· eCDRX with R17 PDCCH monitoring adaptation as the performance reference provides 
· power saving gain of 19.28% for all UEs 
· capacity gain -0.3%
· For FR1, DL only, InH, high load, CG 30Mbps traffic at 60fps and 10ms PDB, it is observed from ZTE that 
· on top of eCDRX, additional active time provides 
· power saving gain of 32.4% for all UEs 
· satisfied UE ratio of 88.19%. 
· eCDRX as the performance reference provides 
· power saving gain of 20.6% for all UEs 
· satisfied UE ratio of 88.89%.
· For FR1, DL only, InH, high load, CG 30Mbps traffic at 60fps and 10ms PDB, it is observed from Nokia that 
· Extension of active time provides 
· mean power saving gain of 30.40% for all UEs in the range of 30.33% to 30.43%
· mean capacity gain of -43.10% for all UEs in the range of -42.44% to -42.44%
· For FR1, DL only, InH, high load, VR 45Mbps traffic at 60fps and 10ms PDB, it is observed from ZTE that 
· on top of eCDRX, additional active time provides mean 
· power saving gain of 19.5% in the range of 19% to 20% for all UEs 
· mean satisfied UE ratio of 88.79% in the range of 88.1% to 89.48%. 
· eCDRX performance reference provides 
· mean power saving gain of 7.51% in the range of 4.60% to 9.46% for all UEs 
· mean satisfied UE ratio of 86.03% in the range of 80% to 90%. 
· eCDRX + PDCCH skipping performance reference provides 
· mean power saving gain of 11.94% in the range of 10.84% to 13.03% for all UEs 
· mean satisfied UE ratio of 76.79% in the range of 72.62% to 80.95%.
· For FR1, DL only, DU, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from OPPO that 
· on top of eCDRX, additional active time provides 
· power saving gain of 30.86% for all UEs 
· capacity gain of 0.0%
· eCDRX as the performance reference provides 
· power saving gain of 18.72% for all UEs 
· capacity gain of -1.6%
· For FR1, DL only, InH, high load, VR 45Mbps traffic at 60fps and 10ms PDB, it is observed from ZTE that 
· with eCDRX, additional active time provides 
· mean power saving gain of 24.57% in the range of 18% to 33.50% for all UEs 
· mean satisfied UE ratio of 89.37% in the range of 84% to 91.84%
· eCDRX performance reference provides 
· mean power saving gain of 12.09% in the range of 4.50% to 23% for all UEs 
· mean satisfied UE ratio of 88.07% in the range of 85% to 90.48%
· eCDRX + PDCCH skipping performance reference provides 
· mean power saving gain of 13.70% in the range of 9.20% to 24% for all UEs 
· mean satisfied UE ratio of 80.00% in the range of 74% to 84%

Question 1: Do you have any comments on proponent companies’ proposals and observations?

	Company
	Views

	ZTE, Sanechips
	Some results show clear power saving gain; for following cases, we have some concerns:
In case of the first bullet, basically no power saving gain is observed for PDCCH skipping enhancement with eCDRX.
In the fifth bullet, the results of case ‘FR1, DL only evaluation, DU, high load, DRX configured, VR 30Mbps’ shows huge capacity loss, which would affect the UE experience seriously.
As FL pointed out, in some cases, the marginal power saving gain is observed for the PDCCH skipping enhancement.

	OPPO2
	We are generally fine with the above observations except the following modifications, since it is observed from our Tdoc [R1-2211490] that eCDRX provides capacity gain of -1.4%.
· For FR1, DL only, DU, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from OPPO that 
· on top of eCDRX, additional active time provides 
· power saving gain of 30.86% for all UEs 
· capacity gain of 0.0%
· eCDRX as the performance reference provides 
· power saving gain of 18.72% for all UEs 
· capacity gain of -1.6% -1.4%
Sorry for my misunderstanding for the calculation, my fault!! We are fine with the above observations😊

	MTK
	We think this section belongs to PDCCH monitoring adaptation and should be moved to Section 3. Schemes like retransmission-aware PDCCH skipping can work with or without CDRX.

	Nokia1
	Like noted in last meeting, it is not fully clear to us why these two schemes are bundled together as alternatives.  One group of solutions aims to facilitate the C-DRX configuration by having more ‘dynamicity’ in the OnDuration/Active time determination. One solution seems to target to separate XR-traffic and non-XR traffic via separate monitoring patterns (and don’t this this belongs to under A). Other set of solutions focuses on handling of re-transmission window on conjunction with PDCCH skipping. We don’t really see that these solutions/proposals are competing candidates. The the onDuration extension related schemes would be more associated with Section 2.6 schemes

	LGE
	We are not sure UE’s resuming PDCCH monitoring should be considered under PDCCH monitoring avoidance after XR data reception. It is more appropriate to be discussed under PDCCH monitoring adaptation related enhancements.

	Intel
	Agree with MTK that second observation should be discussed under PDCCH monitoring adaptation, not C-DRX enhancement.
Satisfied UE ratio and capacity gain are used interchangeably. CG PDB should be 15ms.

	MTK2
	At the same time, we think the observation from ZTE that “PDCCH monitoring resuming has marginal gain” is not a fair observation. Looking at ZTE’s tdoc (R1-2211905) Table 8 as copied below, it can be seen that:
· “PDCCH Skipping with retransmission” can provide similar power saving gain (4%~5%) over existing mechanism (PDCCH skipping dummy grant) as “aligning CDRX with XR traffic” (4.5%), in such a harsh scenario (VR 45M, jitter=[-8,8]ms). Besides, the satisfaction rate loss of “PDCCH Skipping with retransmission” is only 1%, which is even smaller than “aligned CDRX with XR traffic” (>5%, 5=90-85)
Hence, we think retransmission-aware PDCCH skipping achieves more power saving benefits than “eCDRX with XR traffic alignment” and should also be considered in R18 WI.
Table 8 FR1 power consumption results in Dense Urban scenario (VR45M, fps=60, DL only, jitter=[-8,8]ms)
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all Ues (%)

	Aligned CDRX with XR traffic
	Aligned 
every 50ms
	14
	5
	7
	7
	85%
	4.50%

	PDCCH Skipping
(duration = 2ms,4ms)
	Aligned 
every 50ms
	14
	5
	7
	7
	74%
	9.6%

	PDCCH skipping with dummy grant
(duration = 4ms,8ms)
	Aligned 
every 50ms
	14
	5
	7
	7
	80%
	12%

	[bookmark: OLE_LINK12]PDCCH Skipping with retransmission
(duration = 3ms,7ms)
	Aligned 
every 50ms
	14
	5
	7
	7
	84%
	16%






Question 2: Do you support the proponent companies’ proposals or not, and why? 
	Company
	Views

	vivo
	We don’t support additional active time. The reasons are as follows.
· There is technical concern 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. 
· For DCI triggered active time extension, it 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.
· From our simulation results, compared with existing R17 PDCCH monitoring adaptation scheme, additional On-Duration scheme has no performance gains in terms of power saving gain and capacity.

	MTK
	Not support. The reason is we tend to think 2.6 “Early stopping of On-DurationTimer” is a better solution than this one. The signaling overhead of 2.3 “Additional active time” may be larger if NW has to indicate UE to extend active time multiple times due to the late XR packet arrival. Having said this, we think the selection between 2.3 v.s. 2.6 should be determined by RAN2 since OnDuration, ActiveTime, …, are all RAN2 designs. RAN1 can just record the simulation results into the TR.

	LGE
	Support. It helps a UE to keep DRX active time as short as possible with marginal capacity loss, so results in good power saving gain.

	ZTE, Sanechips
	We support proposals of additional active time. 
These solutions provide a simple way to address jitter impact (Note the aligned CDRX has poor Power saving gain if not handling jitter), and in case of PDCCH skipping is not supported by UEs, the CDRX based solutions become more practical. 
In the meanwhile, in RAN 2, multiple companies support this kind of solution from RAN 2 expertise perspective. We may receive some conclusions regarding section 2.1, 2.2, 2.3 from RAN2 on Tuesday.

	OPPO
	Support. 
As we explained in our contribution, we do not think this scheme can be achieved by dummy grant triggering the start/re-start of drx-inactivitytimer since each dummy grant can only extend the DRX active time equal to the value of IAT. If gNB plans to schedule the packet long after the end of ODT, the mechanism exploiting the current network would need several DCIs, which would surely bring larger DCI overhead than the proposed solution.




Non-uniform PMOs within CDRX On Duration
Huawei proposed to configure non-uniform PDCCH monitoring occasions within C-DRX On Duration. UE monitors PDCCH more frequently around the centre of jitter distribution (i.e., expected data arrival time) and less frequently at the tails of jitter distribution. Evaluation results can be found in Table 4.
[bookmark: _Ref117860081]Table 4: Evaluation results for non-uniform PMOs within CDRX On Duration
	Company
	Evaluation results

	Huawei
	[bookmark: _Ref115182081][image: ]
[bookmark: _Ref110757425]Figure 1 Illustration of non-uniform PDCCH monitoring during C-DRX On Duration, where UE only monitors PDCCH in the colored occasions within On Duration

Table 3 Simulation results of non-uniform PDCCH monitoring occasions within C-DRX On Duration (Dense Urban, DL VR/AR@30Mbps, High Load Case, 11 UEs/cell)
	Case 
	Monitoring pattern within C-DRX On Duration  
(‘1’ denotes monitoring, ‘0’ denotes sleeping)
	Satisfied UE Ratio
	Power Saving Gain compared with “Always On”

	1
	Always On
	93.42%
	-

	2
	Legacy C-DRX 
	83.20%
	5.57%

	3
	[1, 1, 1, 1,   1, 1, 1, 1,   1, 1, 1, 1,   1, 1, 1, 1,   1, 1, 1, 1,   1, 1, 1, 1]
	91.43%
	7.64%

	4
	[0, 0, 0, 0,   1, 1, 1, 1,   0, 0, 0, 0,   1, 1, 1, 1,   0, 0, 0, 0,   1, 1, 1, 1]
	85.89%
	15.81%

	5
	[0, 0, 0, 0,   1, 0, 1, 0,   0, 1, 1, 1,   1, 1, 0, 1,   1, 0, 1, 0,   1, 0, 0, 1]
	89.70%
	16.23%

	6
	[0, 0, 0, 0,   0, 0, 1, 0,   0, 0, 1, 1,   1, 0, 1, 0,   1, 0, 0, 1,   0, 0, 0, 0] 
	85.71%
	20.75%

	Case 1: Always On as in R17 XR
Case 2: Legacy C-DRX scheme with DRX cycle 16ms, On Duration Timer 12ms, and Inactivity Timer 4ms
Case 3: Enhanced C-DRX where the periodicity mismatch issue of C-DRX is solved
Case 4: Rel-17 PDCCH monitoring adaptations, e.g., SSSG switching. In sparse SSSG, the search space periodicity is 8 slots and duration is 4 slots. In dense SSSG, the UE monitors PDCCH in every slot. 
Case 5, 6: Proposed scheme, i.e., non-uniform PDCCH monitoring occasions within C-DRX On Duration
Note: Case 3-6 assumes the periodicity mismatch issue of C-DRX is already solved. For all C-DRX schemes, ODT=12ms, IAT=4ms.


[bookmark: _Ref118658262]Observation 3: With the similar power saving performance, non-uniform PDCCH monitoring within C-DRX On Duration can obtain much higher capacity (i.e., satisfied UE ratio) compared with Rel-17 SSSG switching.
[bookmark: _Ref118658263]Observation 4: With the similar capacity performance (i.e., satisfied UE ratio), non-uniform PDCCH monitoring within C-DRX On Duration can obtain much higher power saving gain compared with Rel-17 SSSG switching.
[bookmark: _Ref118658958]Observation 5: The proposed schemes, i.e., non-uniform PDCCH monitoring within C-DRX On Duration, can obtain ~20%, ~13%, ~5% power saving gain compared with Always-On scheme, and enhanced C-DRX, and R17 SSSG switching, respectively.
[bookmark: _Ref118658265]Observation 6: To handle jitter issue, non-uniform PDCCH monitoring within C-DRX On Duration, can achieve better trade-off between power saving and capacity performance compared with Rel-17 SSSG switching.
[bookmark: _Ref115183708]Proposal 2: To handle jitter issue, support that gNB can configure PDCCH monitoring occasions flexibly (e.g., through bitmap) within C-DRX On Duration.


	
	

	
	




2.4.1 Discussion 1
Based on companies’ performance evaluations, the following observations are made.
Observation
· For FR1, DL joint evaluation, DU, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from Huawei that 
· non-uniform PMOs within On Duration provides 
· mean power saving gain of 18.49% in the range of 16.23% and 20.75% for all UEs 
· mean capacity gain of -6.15% in the range of -8.3% to -4.0% 
· sparse PDCCH monitoring as the performance reference provides 
· mean power saving gain of 11.73% in the range of 7.64% to 15.81% for all UEs 
· mean capacity gain of -5.10% in the range of -8.1% to -2.1%

Question 1: Do you have any comments on proponent companies’ proposals and observations?

	Company
	  

	Nokia1
	A question for clarification; case 4 in afore results  seems to be labelled as SSSG switching (but not in the summary observation), but seems to be modelled as static PDCCH monitoring pattern. Hence is it correct understanding that this is actually fixed PDCCH monitoring pattern, or whether there is actually some dynamic adaptation of applied SSSG based on the e.g. traffic arrival. If this is not the case, then we would agree with FL wording that this is not SSSG switching but sparce PDCCH monitoring. 

	
	

	
	



Question 2: Do you support the proponent companies’ proposals or not, and why? 
	Company
	Views

	MTK
	Support. The proposal seems to achieve 5% power saving gain compared to Rel-17 SSSG switching. Considering Rel-17 SSSG switching is already quite powerful, the proposed enhancement may worth a visit.

	
	

	
	

	
	




Two-stage CDRX On Duration
Ericsson proposed and evaluated the two-stage DRX solution to handle jitter for quasi-periodic XR traffic flows so that UE can monitor PDCCH sparsely before the data arrival for saving power. vivo compared sparse PDCCH monitoring followed by Rel-17 SSSG switching and the two-stage On-Duration. Evaluation results can be found in Table 5. Sony and Google also supported the two-stage DRX configuration.
[bookmark: _Ref117860086]Table 5: Evaluation results for two-stage CDRX On Duration
	Company
	Evaluation results

	Ericsson
	[image: ]
[bookmark: _Ref101365578]Figure 4. Illustration of two-stage DRX.
Observation 4	R17 SSSG switching may significantly degrade the percentage of satisfied UEs (down to 53%), depending on the PDCCH monitoring pattern.
Observation 5	Two-stage DRX always outperforms R17 SSSG switching with similar monitoring pattern.
Observation 6	Two-stage DRX achieves up to 19% PSG, while also achieving a high percentage of satisfied UEs (79.2–100%), for both high and low loads.
Observation 7	Two-stage DRX combined with PDCCH skipping achives up to 27% PSG, while also achieving a high percentage of satisfied UEs (78.6–100%).
Proposal 6	Adopt the two-stage DRX solution to handle jitter for quasi-periodic XR traffic flows. 
Proposal 7	RAN2 can address the details of the DRX specification changes for supporting two-stage DRX.

Table 2: Results for FR1, high load, Dense Urban scenario, and VR single-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	H
	8
	8
	91.7%
	-
	-

	R1-2210922
	Matched CDRX (with our solution)
	16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	7
	87.2%
	10.5%
	11.4%

	R1-2210922
	PDCCH skipping & matched CDRX
	16.6
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	7
	87.3%
	15.8%
	16.0%

	R1-2210922
	R17 SSSG switching (sparse SSSG: 2 ms on / 2 ms off) & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	
	53.9%
	15.5%
	16.0%

	R1-2210922
	R17 SSSG switching (sparse SSSG: 1 ms on / 1 ms off) & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms) 
	10
	4
	H
	8
	
	78.4%
	16.4%
	16.5%

	R1-2210922
	R17 SSSG switching (sparse SSSG: 1 ms on / 1 ms off) & PDCCH skipping & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	
	78.9%
	20.2%
	20.4%

	R1-2210922
	Two-stage DRX & matched CDRX
	outer DRX: 16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms);
inner DRX: 4
	outer ODT: 10; inner ODT: 2
	4
	H
	8
	
	79.2%
	14.8%
	15.1%

	R1-2210922
	Two-stage DRX & matched CDRX
	outer DRX: 16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms);
inner DRX: 2
	outer ODT: 10; inner ODT: 1
	4
	H
	8
	
	80.2%
	16.2%
	16.6%

	R1-2210922
	Two-stage DRX & PDCCH skipping & matched CDRX
	outer DRX: 16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms);
inner DRX: 4
	outer ODT: 10; inner ODT: 2
	4
	H
	8
	
	78.6%
	19.2%
	19.4%

	R1-2210922
	Two-stage DRX & PDCCH skipping & matched CDRX
	outer DRX: 16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms);
inner DRX: 2
	outer ODT: 10; inner ODT: 1
	4
	H
	8
	
	80.4%
	20.4%
	20.6%



Table 3: Results for FR1, low load, Dense Urban scenario, and VR single-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	L
	2
	8
	100%
	
	

	R1-2210922
	Matched CDRX (with our solution)
	16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	12.8%
	12.8%

	R1-2210922
	PDCCH skipping & matched CDRX
	16.6
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	22.5%
	22.5%

	R1-2210922
	R17 SSSG switching (sparse SSSG: 2 ms on / 2 ms off)  & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	82.9%
	18.2%
	18.2%

	R1-2210922
	R17 SSSG switching (sparse SSSG: 1 ms on / 1 ms off) & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	19.2%
	19.2%

	R1-2210922
	R17 SSSG switching (sparse SSSG: 1 ms on / 1 ms off)  & PDCCH skipping & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	26.6%
	26.6%

	R1-2210922
	Two-stage DRX & matched CDRX
	outer DRX: 16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms);
inner DRX: 4
	outer ODT: 10; inner ODT: 2
	4
	L
	2
	-
	100%
	16.7%
	16.7%

	R1-2210922
	Two-stage DRX & matched CDRX
	outer DRX: 16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms);
inner DRX: 2
	outer ODT: 10; inner ODT: 1
	4
	L
	2
	-
	100%
	19.0%
	19.0%

	R1-2210922
	Two-stage DRX & PDCCH skipping & matched CDRX
	outer DRX: 16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms);
inner DRX: 4
	outer ODT: 10; inner ODT: 2
	4
	L
	2
	-
	100%
	25.9%
	25.9%

	R1-2210922
	Two-stage DRX & PDCCH skipping & matched CDRX
	outer DRX: 16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms);
inner DRX: 2
	outer ODT: 10; inner ODT: 1
	4
	L
	2
	-
	100%
	27.0%
	27.0%



Table 4: Results for FR1, high load, Dense Urban scenario, and VR multi-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB), DL audio (10 ms periodicity, 30 ms PDB), UL pose (4 ms periodicity, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	H
	8
	8
	90.1%
	-
	-

	R1-2210922
	Matched CDRX (with our solution)
	16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	 7
	85.5%
	7.2%
	7.1%

	R1-2210922
	PDCCH skipping & matched CDRX
	16.6
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	7
	84.7%
	7.6%
	7.6%

	R1-2210922
	R17 SSSG switching (sparse SSSG: 2 ms on / 2 ms off) & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms) 
	10
	4
	H
	8
	
	66.0%
	10.3%
	10.3%

	R1-2210922
	R17 SSSG switching (sparse SSSG: 1 ms on / 1 ms off) & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	
	79.8%
	10.7%
	10.7%

	R1-2210922
	R17 SSSG switching (sparse SSSG: 1 ms on / 1 ms off) & PDCCH skipping & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	
	79.9%
	11.3%
	11.2%

	R1-2210922
	Two-stage DRX & matched CDRX
	outer DRX: 16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms);
inner DRX: 4
	outer ODT: 10; inner ODT: 2
	4
	H
	8
	
	80.2%
	9.1%
	9.1%

	R1-2210922
	Two-stage DRX & matched CDRX
	outer DRX: 16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms);
inner DRX: 2
	outer ODT: 10; inner ODT: 1
	4
	H
	8
	
	81.5%
	10.7%
	10.7%

	R1-2210922
	Two-stage DRX & PDCCH skipping & matched CDRX
	outer DRX: 16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms);
inner DRX: 4
	outer ODT: 10; inner ODT: 2
	4
	H
	8
	
	79.8%
	9.5%
	9.5%

	R1-2210922
	Two-stage DRX & PDCCH skipping & matched CDRX
	outer DRX: 16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms);
inner DRX: 2
	outer ODT: 10; inner ODT: 1
	4
	H
	8
	
	80.7%
	11.5%
	11.5%




	vivo
	Table 4. Results for FR1, MU-MIMO, Indoor Hotspot, DL video (60 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. 


	
	



2.5.1 Discussion 1
Based on companies’ performance evaluations, the following observations are made.
Observation
· For FR1, DL + UL joint evaluation, DU, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from Ericsson that 
· two-stage CDRX On Duration provides 
· mean power saving gain of 10.20% in the range of 9.10% to 11.50% for all UEs 
· mean capacity gain of -10.58% in the range of -11.4% to -9.5%
· sparse PDDCH monitoring followed by SSSG switching as the performance reference provides 
· mean power saving gain of 10.77% in the range of 10.30% to 11.30% for all UEs 
· mean capacity gain of -16.47% in the range of -26.7% to -11.3%
· For FR1, DL only, DU, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from Ericsson that 
· two-stage CDRX On Duration provides 
· mean power saving gain of 17.65% in the range of 4.80% to 20.40% for all UEs 
· mean capacity gain of -13.18% in the range of -14.30% to -12.30%
· sparse PDDCH monitoring followed by SSSG switching as the performance reference provides 
· mean power saving gain of 17.37% in the range of 15.50% to 20.20% for all UEs 
· mean capacity gain of -23.23% in the range of -41.20% to -14.00%
· For FR1, DL only, DU, low load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from Ericsson that 
· two-stage CDRX On Duration provides 
· mean power saving gain of 22.15% in the range of 6.70% to 27.00% for all UEs 
· mean capacity gain of 0%
· sparse PDDCH monitoring followed by SSSG switching as the performance reference provides 
· mean power saving gain of 21.33% in the range of 18.20% to 26.60% for all UEs 
· mean capacity gain of -5.70% in the range of 0.00% to -17.10%
· For FR1, DL only, InH, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from vivo that 
· two-stage CDRX On Duration provides 
· power saving gain of 16.36% for all UEs 
· capacity gain of -6.1%
· sparse PDDCH monitoring followed by SSSG switching as the performance reference provides 
· mean power saving gain of 20.56% in the range of 19.28% to 21.84% for all UEs 
· mean capacity gain of -2.3% in the range of -4.3% to -0.3%
· For FR1, DL only, InH, low load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from vivo that 
· two-stage CDRX On Duration provides 
· power saving gain of 21.52% for all UEs 
· mean capacity gain of 0.0%
· sparse PDDCH monitoring followed by SSSG switching as the performance reference provides 
· mean power saving gain of 24.38% in the range of 23.36% to 25.39% for all UEs 
· mean capacity gain of 0.0%

Question 1: Do you have any comments on proponent companies’ proposals and observations?


	Company
	Views

	
	

	
	

	
	



Question 2: Do you support the proponent companies’ proposals or not, and why? 
	Company
	Views

	vivo
	We don’t support two-stage CDRX. The reasons are as follows.
· Two-stage CDRX can be deemed as similar approach of SSSG switching
· According to the simulation results from Ericsson, compared to the existing R17 PDCCH monitoring adaptation scheme (SSSG switching + PDCCH skipping, two-stage CDRX scheme (+ PDCCH skipping) has almost the same performance in terms of power saving gain and capacity.

	MTK
	Not support. The reason is we tend to think 2.6 is a better solution with less spec impact and can achieve similar effect. Having said this, we tend to think 2.5 and 2.6 are both RAN2 enhancements and can be determined by RAN2. RAN1 can just document the simulation results into the TR.

	LGE
	Support. It can be used to control not only PDCCH monitoring but also CSI reporting.  Furthermore, we can also discuss more than two stage CDRX.

	
	




Early stopping of On-DurationTimer
Huawei, Xiaomi and MediaTek proposed to early stop the On Duration Timer once the InactivityTimer expires to avoid unnecessary PDCCH monitoring after the XR frame is transmitted. Evaluation results can be found in Table 6. Rakuten Symphony, DOCOMO, III and Qualcomm also proposed the early termination of DRX active time after the XR data is scheduled. 
[bookmark: _Ref117860091]Table 6: Evaluation results for early stopping of On-DurationTimer based on expiration of InactivityTimer
	Company
	Evaluation results

	Huawei
	[image: ]
[bookmark: _Ref109205632]Figure 2. Example to stop PDCCH monitoring in a DRX cycle after XR frame transmission finish
[bookmark: _Ref109810581]Table 4 Simulation results of terminating OnDurationTimer by the expiration of InactivityTimer, Dense Urban, DL VR/AR@30Mbps
	Power saving scheme
	CDRX cycle and/or start offsets (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	#UE /cell
	floor (Capacity)
	% of DL satisfied UE
	Mean PSG of all UEs (%)

	Always On
	-
	-
	-
	H
	11
	11
	93.42%
	-

	Enhanced C-DRX
	50 {0, 16, 33}
	12
	4
	H
	11
	11
	91.43%
	7.64%

	Enhanced C-DRX with early stopping of ODT
	50 {0, 16, 33}
	12
	4
	H
	11
	11
	88.23%
	10.22%


[bookmark: _Ref115183709][bookmark: _Hlk117793859]Proposal 3: To avoid unnecessary PDCCH monitoring after XR frame transmission finish, support stopping OnDurationTimer in a DRX cycle based on the expiration of InactivityTimer.

	Xiaomi
	Proposal 6: On duration can be early terminated to reduce PDCCH monitoring for XR traffic.
Table 7: Relative energy of different UE power consumption states and performance of other metrics
	
	PDCCH without PDSCH 
	PDCCH with PDSCH 
	Deep sleep

	Deep sleep TransitionEnergy
	Light sleep Energy
	Light sleep TransitionEnergy
	Micro sleep Energy

	Total Energy
	PSG

	Delay(ms)
	% of satisfied UEs

	Baseline
	95.36
	13.93
	0
	0
	0
	0
	0
	109.29
	N/A
	1.27
	100%

	CDRX
	67.38
	17.39
	0
	0
	0
	0
	12.07
	96.84
	8.13%
	2.18
	98.41%

	CDRX+On duration early termination
	33.73
	17.38
	0
	0
	3.31
	7.11
	0.57
	62.10
	43.18%
	2.38
	94.92%




	MTK
	[image: ]
Figure 10 Stopping ODT early after data arrival

	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	% of DL satisfied UE
	Mean PSG of all UEs (%)

	AlwaysOn - baseline
	0
	0
	0
	12
	12
	94.6%
	0%

	R15/16CDRX
	16
	12
	8
	12
	12
	92.7%
	5.4%

	eCDRX (rational DRX cycle)
	(50/3)
	12
	8
	12
	12
	94.3%
	9.9%

	eCDRX + stop ODT early
	(50/3)
	12
	8
	12
	12
	92.4%
	16.6%


Table 2 SLS evaluation results with stop ODT early, FR1, DL-only, DU, CG 30Mbps
Observation 13: Stopping ODT early + eC-DRX provides significant power savings with marginal impact on UE satisfaction rate compared to Rel-17 C-DRX (11.2% PSG and 0.3% reduction in UE satisfaction rate) as shown in Table 2 and Figure 11.
Proposal 6: Reduce DRX on-duration after the arrival of data by stopping ODT to enable the UE to go to sleep early.





2.6.1 Discussion 1
Based on companies’ performance evaluations, the following observations are made.
Observation
· For FR1, DL only, DU, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from Huawei that 
· on top of eCDRX, the early stopping of ODT provides 
· power saving gain of 10.22% for all UEs 
· capacity gain of -5.6%
· eCDRX as the performance reference provides 
· power saving gain of 7.64% for all UEs 
· capacity gain of -2.1%
· For FR1, DL only, DU, high load, CG 30Mbps traffic at 60fps and 10ms PDB, it is observed from MediaTek that 
· with eCDRX, the early stopping of ODT provides 
· power saving gain of 16.6% for all UEs 
· capacity gain of -2.3%
· eCDRX as the performance reference provides 
· power saving gain of 9.9% for all UEs 
· capacity gain of -0.3%
· For FR1, DL only, DU, high load, VR 45Mbps traffic at 60fps and 10ms PDB, it is observed from Xiaomi that 
· with eCDRX, the early stopping of ODT provides 
· power saving gain of 43.18% for satisfied UEs 
· capacity gain of -2.1%
· eCDRX as the performance reference provides 
· power saving gain of 11.39% for all UEs 
· capacity gain of 1.5%

Question 1: Do you have any comments on proponent companies’ proposals and observations?

	Company
	Views

	ZTE, Sanechips
	In fact similar function (e.g.,end the onDurationTimer) can be realized by a MAC CE signalling “go to sleep”, or legacy PDCCH skipping indication.
Thus the benefit can’t be justified by only comparing with eCDRX, and above existing features should be accounted. Besides, the difference to legacy PDCCH skipping should be clarified.

	Nokia1
	Tend to agree with ZTE comment that it would seem relevant to compare the early stopping with Rel-17 PDCCH monitoring adaptation (e.g. skipping). This might be worthwhile to capture as a part of the observation (presence or lack of comparison relevant existing schemes could be noted in observations also more generally, not just for this particular case).

	Intel
	CG PDB should be 15ms
	Agree with MTK that second observation should be discussed under PDCCH monitoring adaptation, not C-DRX enhancement.
Satisfied UE ratio and capacity gain are used interchangeably. CG PDB should be 15ms.

	Xiaomi
	For the following, we think there is a mistake on the capacity gain, and is corrected as follows(we take the capacity gain means the gain of satisfied UE, hope this what FL means…)
· For FR1, DL only, DU, high load, VR 45Mbps traffic at 60fps and 10ms PDB, it is observed from Xiaomi that 
· with eCDRX, the early stopping of ODT provides 
· power saving gain of 43.18% for satisfied UEs 
· capacity gain of -2.15.08%
· eCDRX as the performance reference provides 
· power saving gain of 11.39% for all UEs 
· capacity gain of 1.5-1.59%





Question 2: Do you support the proponent companies’ proposals or not, and why? 
	Company
	Views

	vivo
	We think proposed scheme 2.6 can be discussed in RAN2. We understand this is RAN2 issue.

	MTK
	Support. We think this enhancement can effectively handle the jitter issue. However, we also think we should leave the decision to RAN2 since this is more like a RAN2 mechanism. RAN1 can just document the simulation results.

	
	

	
	




Multiple active CDRX configurations
Ericsson proposed to configure multiple simultaneous DRX configurations to serve multiple data flows with stringent PDB requirements. In the evaluation, one DRX is configured for the DL video with cycle aligned with DL video periodicity and the other DRX is configured for the DL audio. vivo showed that 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. Evaluation results can be found in Table 7. TCL, Intel, ZTE, Sony, Lenovo, Xiaomi, ETRI, NEC, LGE, Apple, Rakuten Symphony, InterDigital and DOCOMO also proposed multiple active CDRX configurations. 
[bookmark: _Ref117860096]
[bookmark: _Ref118294888]Table 7: Evaluation results for CDRX enhancements for multiple active CDRX configurations
	Company
	Evaluation results

	Ericsson
	[bookmark: _Ref106028568]Table 5 Results for multi-flow DRX, for FR1, high load, Dense Urban scenario, and VR multi-stream traffic: DL video (30 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB), DL audio (10 ms periodicity, 10 ms PDB), UL pose (4 ms periodicity, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	H
	5
	5
	94.0%
	-
	-

	R1-2210922
	R15/16 DRX
(Long DRX)
	10
	8
	4
	H
	5
	 5
	90.7%
	3.0%
	3.3%

	R1-2210922
	R15/16 DRX
(Short DRX)
	4
	2
	4
	H
	5
	 4
	85.9%
	6.9%
	7.2%

	R1-2210922
	Matched CDRX (with our solution)
	33.3 
(drx_offset=3, traffic_time_offset=1 ms, drx-LongCycle=33 ms)
	10
	4
	H
	5
	 0
	0%
	18.4%
	-

	R1-2210922
	Multi-flow DRX & matched CDRX
	33.3 (drx_offset=3, traffic_time_offset=1 ms, drx-LongCycle=33 ms)
	10
	4
	H
	5
	 4
	88.4%
	13.4%
	13.6%

	
	
	10
	2
	0
	
	
	
	
	
	

	R1-2210922
	Multi-flow DRX & two-stage DRX & matched CDRX
	outer DRX: 33.3 (drx_offset=3, traffic_time_offset=1 ms, drx-LongCycle=33 ms);
inner DRX: 4
	outer ODT: 10; inner ODT: 2
	4
	H
	5
	 4
	81.8%
	16.9%
	17.2%

	
	
	10
	2
	4
	
	
	
	
	
	




[bookmark: _Ref118277940]Table 6 Results for multi-flow DRX, for FR1, high load, Dense Urban scenario, and VR multi-stream traffic: DL video (45 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB), DL audio (10 ms periodicity, 10 ms PDB), UL pose (4 ms periodicity, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	H
	7
	7
	90.1%
	-
	-

	R1-2210922
	R15/16 DRX
(Long DRX)
	10
	8
	4
	H
	7
	 6
	86.3%
	2.7%
	2.6%

	R1-2210922
	R15/16 DRX
(Short DRX)
	4
	2
	4
	H
	7
	 5
	78.7%
	6.4%
	6.4%

	R1-2210922
	Matched CDRX (with our solution)
	22.2
(drx_offset=9, traffic_time_offset=2 ms, drx-LongCycle=22 ms)
	10
	4
	H
	7
	 0
	0%
	12.3%
	-

	R1-2210922
	Multi-flow DRX & matched CDRX
	22.2 (drx_offset=9, traffic_time_offset=2 ms, drx-LongCycle=22 ms)
	10
	4
	H
	7
	6
	85.9%
	10.1%
	10.0%

	
	
	10
	2
	0
	
	
	
	
	
	
	

	R1-2210922
	Multi-flow DRX & two-stage DRX & matched CDRX
	outer DRX: 22.2 (drx_offset=9, traffic_time_offset=2 ms, drx-LongCycle=22 ms);
inner DRX: 4
	outer ODT: 10; inner ODT: 2
	4
	H
	7
	
	71.3%
	13.1%
	12.8%
	

	
	
	10
	2
	0
	
	
	
	
	
	
	



Observation 8	A single DRX configuration matched to one traffic flow may not fulfill the PDBs of other traffic flows, resulting in a capacity of zero UEs/cell.
Observation 9	Multiple simultaneous DRX configurations, each matching a traffic flow, achieves both high UE power saving gains (up to 13.6%) and a high percentage of satisfied UEs (85.9-88.4%), if a single DRX configuration matched to one flow does not satisfy the PDBs of other flows.
Observation 10	If multiple DRX configurations are required, combining this with two-stage DRX is sometimes the preferred solution to achieve the highest UE power saving gains (17.2%) and a high percentage of satisfied UEs (81.8%).
Proposal 8	Support multiple simultaneous DRX configurations. 
Proposal 9	RAN2 can address the details of the DRX specification changes for supporting multiple DRX configurations.

	vivo
	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.


	InterDigital
	[bookmark: _Hlk110993062]Proposal 4:	Support multiple active CDRX configurations for handling multiple flows with different traffic patterns
Proposal 5:	Support dynamic activation/deactivation of multiple CDRX configurations
[bookmark: _Hlk115454780]Proposal 6:	Support dynamic indication from the UE to request activation of preconfigured CDRX configurations
Table 1: CDRX parameters for multiple active CDRX schemes
	
	 
	DRX cycle (ms)
	On duration timer value (ms)
	Inactivity timer value (ms)

	Multi-CDRX (Set 1)
	CDRX1 (Video)
	33
	10
	6

	
	CDRX2 (Audio)
	10
	2
	6

	Multi-CDRX (Set 2)
	CDRX1 (Video)
	33
	12
	4

	
	CDRX2 (Audio)
	10
	2
	4



Table 2: Mean PSG and capacity for Cloud Gaming Video and Audio  
	Scenario
	Traffic
	Capacity (%)
	Mean PSG
(Baseline: Always-On)
	Mean PSG
(Baseline: Single CDRX)

	No DRX
	CG Video + Audio
	100%
	N/A
	N/A

	Single CDRX Config (10,8,2)
	CG Video + Audio
	100%
	7.65%
	N/A

	Multi-CDRX Config Set 1
	CG Video + Audio
	94.4%
	12.08%
	4.73%

	Multi-CDRX Config Set 2
	CG Video + Audio
	91.7%
	17.16%
	10.23%



Table 3: Mean PSG and capacity for AR Video and Audio flows  
	Scenario
	Traffic
	Capacity (%)
	Mean PSG
(Baseline: Always-ON)
	Mean PSG
(Baseline: Single CDRX)

	Always-on 
	AR Video + Audio
	91.7%
	N/A
	N/A

	Single CDRX Config (10,8,2)
	AR Video + Audio
	83.3%
	6.22%
	N/A

	Multi-CDRX Config Set 1
	AR Video + Audio
	72.2%
	12.82%
	6.97%

	Multi-CDRX Config Set 2
	AR Video + Audio
	72.2%
	18.09%
	12.54%



Observation 3:	Using multiple active CDRX configurations when handling multiple flows with different traffic patterns helps achieve reasonably higher PSG (from 10.2% to 12.5%) compared to using single CDRX at the tradeoff of some capacity (from 8.3 % to 11.1%)
Observation 4:	The less stringent PDB requirement for the cloud gaming video + audio flows allows to achieve better PSG and lower capacity loss when supporting multiple active CDRX configurations compared to AR video + audio flows 
Observation 5:	The multiple CDRX configuration set (Set 2) which has a longer ON duration and shorter inactive timer duration achieves a higher PSG compared to an alternative multiple CDRX configuration set (Set 1), when accommodating video and audio flows





2.7.1 Discussion 1
Based on companies’ performance evaluations, the following observations are made.
Observation
· For FR1, DL + UL joint evaluation, DU, high load, VR 30Mbps traffic at 30fps with 10ms PDB and DL audio, it is observed from Ericsson that 
· eCDRX with a single CDRX configuration provides 
· power saving gain of 18.4% for all UEs 
· capacity gain of -100%
· Multiple CDRX configurations + eCDRX provides 
· power saving gain of 13.4% 
· capacity gain of -6.0%
· Multiple CDRX configurations + eCDRX + two-stage DRX provides
· power saving gain of 17.2% 
· capacity gain of -13.0%
· For FR1, DL + UL joint evaluation, DU, high load, VR 45Mbps traffic at 30fps with 10ms PDB and DL audio, it is observed from Ericsson that 
· eCDRX with a single CDRX configuration provides 
· power saving gain of 12.3% for all UEs 
· capacity gain of -100%
· Multiple CDRX configurations + eCDRX provides 
· power saving gain of 10.1% 
· capacity gain of -4.7%
· Multiple CDRX configurations + eCDRX + two-stage DRX provides
· power saving gain of 13.1% 
· capacity gain of -20.9%
· For FR1, DL only evaluation, InH, high load, VRAR 30Mbps traffic at 30fps with 10ms PDB and DL audio, it is observed from InterDigital that 
· Multiple CDRX configurations provides 
· mean power saving gain of 12.6115.54% in the range of 6.9712.82% to 18.09% 
· mean capacity gain of -21.3%
· performance reference a single CDRX configuration provides 
· power saving gain of 6.22% for all UEs 
· capacity gain of -9.2%
· For FR1, DL only evaluation, InH, high load, VRCG 30Mbps traffic at 30fps with 150ms PDB and DL audio, it is observed from InterDigital that 
· single CDRX configuration provides 
· power saving gain of 7.647% for all UEs 
· capacity gain of 0%
· Multiple CDRX configurations provides 
· mean power saving gain of 11.0514.62% in the range of 4.7312.08% to 17.16% 
· mean capacity gain of -6.95% in the range of -8.3% to -5.6%
· For FR1, DL-only evaluation, InH, high load, VR 30Mbps traffic at 30fps with 10ms PDB and DL audio with 10ms PDB, it is observed from vivo that 
· multiple CDRX configurations with eCDRX provides 
· mean power saving gain of 17.60% in the range of 16.85% to 18.34% 
· mean capacity gain of -0.75% in the range of -1.0% to -0.5% 
· performance reference single CDRX + SPS provides
· power saving gain of 19.02% 
· capacity gain of -0.5%
· For FR1, DL-only evaluation, InH, low load, VR 30Mbps traffic at 30fps with 10ms PDB and DL audio with 10ms PDB, it is observed from vivo that 
· multiple CDRX configurations with eCDRX provides 
· mean power saving gain of 19.33% in the range of 18.81% to 19.84% 
· capacity gain of 0%
· performance reference single CDRX + SPS provides 
· power saving gain of 20.70% 
· capacity gain of 0%
· For FR1, DL-only evaluation, InH, high load, VR 30Mbps traffic at 60fps with 10ms PDB and DL audio, it is observed from vivo that 
· multiple CDRX configurations with eCDRX provides 
· mean power saving gain of 7.50% in the range of 6.95% to 8.04% 
· mean capacity gain of -0.95% in the range of -1.2% to -0.7%
· single CDRX + SPS performance reference provides
· power saving gain of 8.14% 
· capacity gain of -0.5%
· For FR1, DL-only evaluation, InH, low load, VR 30Mbps traffic at 60fps with 10ms PDB and DL audio, it is observed from vivo that 
· multiple CDRX configurations with eCDRX provides 
· mean power saving gain of 9.62% in the range of 9.52% to 9.72% 
· mean capacity gain of 0%
· single CDRX + SPS performance reference provides
· power saving gain of 9.81% 
· mean capacity gain of 0%

Question 1: Do you have any comments on proponent companies’ proposals and observations?

	Company
	Views

	InterDigital
	Made some corrections to typos/values reported in the observations above

	ZTE, Sanechips
	Multiple data flows deserve more attention and further study, if we consider more traffic models.

	Xiaomi
	Generally fine with the observations. Our motivation to support multiple C-DRX configurations is to accommodate multiple traffic flows with different characteristics. but feel also OK to reuse this mechanism to cope with C-DRX periodicity alignment issue.

	
	



Question 2: Do you support the proponent companies’ proposals or not, and why? 
	Company
	Views

	MTK
	We do not object this proposal since we share the understanding that XR traffic can have multiple flows. At the same time, we tend to think this is a RAN2 solution and can be determined by RAN2. RAN1 can first document the simulation results into the TR.

	
	

	
	

	
	




Dynamic grant enhancement with XR-specific Pre-scheduling
CATT proposed to introduce the Dynamic grant enhancement with XR-specific Pre-scheduling under CDRX enhancements for XR UE power saving. UE is pre-configured with a XR-specific PDCCH monitoring cycle and monitoring window disassociated with C-DRX. The fixed PDCCH monitoring cycle could be customized to align with the periodic packet generation cycle of XR service.  The XR-specific PDCCH monitoring cycle would allow UE to monitor PDCCH at both DRX ON and OFF. The pre-configured PDCCH monitoring can be configured by XR-dedicated search space. The search space can be configured to fully align with XR traffic arrival. In detail, the configured periodicity of the PDDCCH monitoring cycle by the XR-dedicated search space can align with the mean XR traffic inter-arrival time, e.g., 16.67ms. The time duration of PDDCCH monitoring window can be configured to cover the network jitter range. UE monitors PDCCH only for XR-specific resource allocation and/or XR-Specific RNTI, e.g., XR-RNTI. Evaluation results can be found in Table 8. III, LGE and Qualcomm also proposed the XR specific windows.

[bookmark: _Ref118294911]Table 8: Evaluation results for Dynamic grant enhancement with XR-specific Pre-scheduling
	Company
	Evaluation results

	CATT
	

[bookmark: _Ref111197337][bookmark: _Ref100566780]Figure 3: XR-dedicated pre-scheduling DG scheme
[bookmark: _Ref111128371]Table 6: Procedure of C-DRX enhancement schemes in single carrier
	Schemes
	Procedure

	Semi-static C-DRX enhancement scheme
	UE is configured with the enhanced C-DRX with non-uniform DRX cycles of {17ms, 17ms, 16ms} to match DRX ON-duration starting points to the refresh rate of XR packet generation, e.g., 60fps. UE normal monitors PDCCH during DRX ON-duration and transform to sleep state in DRX OFF.

	Dynamic grant enhancement with XR-specific pre-scheduling  scheme 1
	UE is configured with the dynamic grant enhancement with XR-specific pre-scheduling which has the fixed PDCCH monitoring cycle and monitoring window disassociated with DRX. The window size of PDCCH monitoring at each cycle could be dynamically adapted to the delay variation of packet arrival caused by network jitter. UE monitors only XR scheduled PDCCH during a preconfigured PDCCH monitoring window. 

	Dynamic grant enhancement with XR-specific  pre-scheduling  scheme 2
(Dynamic grant enhancement with XR-specific  pre-scheduling with non-scheduling DCI for persistent PDCCH skipping indication)
	[bookmark: _Hlk118295865]UE is configured with the dynamic grant enhancement with XR-specific  pre-scheduling, which the PDCCH monitoring cycle and window are based on XR traffic generation cycle and network delay jitter. UE can be indicated by non-scheduling DCI to skip the indicated interval of PDCCH monitoring occasions;  

	Dynamic grant enhancement with XR-specific  pre-scheduling scheme 3
(Dynamic grant enhancement with XR-specific  pre-scheduling with go-to-sleep):
	UE is configured with the Dynamic grant enhancement with XR-specific pre-scheduling, When traffic transmission is completed, UE would be indicated to go to sleep until the next pre-scheduling cycle.

	Dynamic grant enhancement with XR-specific  pre-scheduling scheme 4
(Dynamic grant enhancement with XR-specific  pre-scheduling with enhanced PDCCH skipping and go-to-sleep)
	UE is configured with Dynamic grant enhancement with XR-specific pre-scheduling and would be indicated to skip the PDCCH monitoring at the beginning of the pre-scheduling window if XR packet arrives late. UE skips monitoring the PDCCH at the Monitoring Occasion (MO) until the traffic packet arrives. When traffic transmission is completed, UE would be indicated to go to sleep until the next pre-scheduling cycle.


[bookmark: _Ref110327197]
[bookmark: _Ref118632646]Table 7: The evaluation result comparison between the C-DRX enhancement schemes and UE always-on ,with MU-MIMO scheduling（XR only traffic in single carrier）
	Evaluation Schemes
	#satisfied UEs per cell 
	% of satisfied UEs
	Power Saving Gain (PSG) 
	% of Capacity gain

	[bookmark: _Hlk110785489]Baseline: DG scheduling and UE always-on 
	11.5
	95.8%
	0.0%
	0.0%

	DG scheduling with C-DRX(16,  12, 4) 
	10.8
	90.0%
	8.0%
	-6.1%

	Semi-static C-DRX enhancement scheme with (17/17/16, 8, 4) 
	0
	0.0%
	25.5%
	-100.0%

	Dynamic grant enhancement with XR-specific  pre-scheduling scheme 1:
Pre-scheduling DG window (16, 12)
	10.8
	90.0%
	11.7%
	-6.1%

	Dynamic grant enhancement with XR-specific  pre-scheduling scheme 2:
Dynamic grant enhancement with XR-specific  pre-scheduling with non-scheduling PDCCH skipping indication
	10.7
	89.2%
	22.4%
	-7.0%

	Dynamic grant enhancement with XR-specific  pre-scheduling scheme 3:
Pre-scheduling DG window (16, 12) with go-to-sleep
	10.8
	90.0%
	24.0%
	-6.1%

	Dynamic grant enhancement with XR-specific  pre-scheduling scheme 4:
Pre-scheduling DG window (16, 12)
with PDCCH skipping and go-to-sleep
	10.7
	89.2%
	29.4%
	-7.0%



Observation 3: Under the same system load, while the semi-static C-DRX enhancement scheme with (17/17/16, 8, 4) obtain 25.5% power saving gain with none satisfied UE, the dynamic grant enhancement with XR-specific pre-scheduling scheme could obtain the less than 10% capacity performance gap than that of the UE always-on for DG scheduling and obtain 11.7%~29.4% PSG compared to that of the UE always-on for DG scheduling.
[bookmark: _Ref118632649]Table 8:The performance comparison between C-DRX enhancement schemes and C-DRX (16, 12, 4) with MU-MIMO scheduling（XR only traffic in single carrier）
	Evaluation Schemes
	#satisfied UEs per cell 
	% of satisfied UEs
	Power Saving Gain (PSG)
	% of Capacity gain

	Baseline: DG scheduling with C-DRX(16, 12, 4) and Rel-17 PDCCH skipping scheme
	10.8
	90.0%
	0.0%
	0.0%

	Semi-static C-DRX enhancement scheme with (17/17/16, 8, 4) 
	0
	0.0%
	19.0%
	-100.0%

	Dynamic grant enhancement with XR-specific  pre-scheduling scheme 1:
Pre-scheduling DG window (16, 12)
	10.8
	90.0%
	3.8%
	0.0%

	Dynamic grant enhancement with XR-specific  pre-scheduling scheme 2:
Dynamic grant enhancement with XR-specific  pre-scheduling with non-scheduling PDCCH skipping indication
	10.7
	89.2%
	15.7%
	-0.9%

	Dynamic grant enhancement with XR-specific  pre-scheduling scheme 3:
Pre-scheduling DG window (16, 12) with go-to-sleep
	10.8
	90.0%
	17.4%
	0.0%

	Dynamic grant enhancement with XR-specific  pre-scheduling scheme 4:
Pre-scheduling DG window (16, 12)
with PDCCH skipping and go-to-sleep
	10.7
	89.2%
	23.3%
	-0.9%



Observation 4: Under the similar capacity performance,  while the semi-static C-DRX enhancement scheme with (17/17/16, 8, 4) provide horrible capacity loss of 100%, the Dynamic grant enhancement with XR-specific  pre-scheduling could obtain less than 10% capacity performance degradation than that of the UE always-on for DG scheduling and obtain 15.7%~23.3% PSG compared to that of DG scheduling with C-DRX(16, 12, 4) and Rel-17 PDCCH skipping scheme.

Proposal 10: The Dynamic grant enhancement with XR-specific pre-scheduling should be supported for XR UE power saving with the following advantages:
·  It can obtain 11.7%~29.4% PSG and 15.7%~223.3% PSG with comparable system capacity performance gap, compared to always-on and C-DRX(16, 12, 4) and Rel-17 PDCCH skipping scheme respectively.  
· This scheme can be easily configured by XR-dedicated search space and/or XR-Specific RNTI, e.g., XR-RNTI disassociated with C-DRX. Thus, it has no impact in term of specification changes and other traffic.
Table 9: Procedure of C-DRX enhancement schemes in multi-carriers
	Semi-static C-DRX enhancement scheme
	· UE is configured with the enhanced C-DRX with non-uniform DRX cycles of {17ms, 17ms, 16ms} to align with the DRX cycle to the refresh rate of XR data generation cycle, e.g., 60fps. 
· UE normal monitors PDCCH during DRX ON-duration and transition to sleep state in DRX OFF in both carriers with XR and eMBB due to the MAC protocol constraint.

	Dynamic grant enhancement with XR-specific  pre-scheduling scheme
	· In the carrier of XR transmission, UE is configured with Dynamic grant enhancement with XR-specific pre-scheduling  PDCCH monitoring window based on XR traffic generation cycle and network delay jitter, e.g., (16,12).
· In the carrier of eMBB transmission, UE can be configured with C-DRX based on mean inter-arrival time of eMBB, e.g., (320,10,80).



[bookmark: _Ref118632738]Table 10: The performance comparison between C-DRX enhancement schemes and C-DRX (16, 12, 4) with MU-MIMO scheduling（mixed traffic）
	[bookmark: _Hlk118320234]Evaluation Schemes
	% of Power Saving Gain (PSG)

	Baseline: DG scheduling with C-DRX(16, 12, 4) and Rel-17 PDCCH skipping scheme
	XR traffic
	IM Traffic

	Enhanced C-DRX (16/17/17, 8, 4)
	19.0%
	27.4%

	Dynamic grant enhancement with XR-specific pre-scheduling window(16, 12) and C-DRX(320, 10, 80) for IM
PDCCH skipping and go-to-sleep
	23.3%
	
87.2%




Proposal 11: When XR and IM traffic transmitted in different carriers, the semi-static C-DRX enhancement scheme with (16/17/17, 8, 4) degrade 59.8% PSG of carrier with IM traffic compared with that of dynamic grant enhancement with XR-specific pre-scheduling scheme.  The Dynamic grant enhancement with XR-specific pre-scheduling can achieve 23.3% PSG and 87.2% PSG for carrier with XR and carrier with IM traffic, respectively. Thus, the Dynamic grant enhancement with XR-specific pre-scheduling scheme disassociated with C-DRX should be supported for UE power saving optimization of different traffic.

[bookmark: _Ref118632777]Table 11: The performance comparison between other enhanced schemes and Dynamic grant enhancement with XR-specific pre-scheduling with PDCCH skipping and go-to-sleep
	Scheme
	Power saving
	System capacity
	Impact on existing service
	Note

	
	Mean PSG (%)
	 Mean percentage of DL satisfied UE
	Capacity (#UEs per cell)
	Dedicated to XR services
	

	Dynamic grant enhancement with XR-specific  pre-scheduling along with PDCCH skipping and go-to-sleep
	29.68%
	89.2%
	12
	Yes
	Note1

	Traffic arrival offset staggering[9]
	2.64~9.94%
	100%
	7~9
	Yes
	Note2,Note 3

	Enhanced PDCCH monitoring[6] 
	5.08%~21.84%
	60%~84%
	5
	No
	Note2

	Enhanced DRX with additional active time[5] 
	29.43%
	86.36%
	11
	No
	Note1

	Early C-DRX[4] 
	4.9%
	--
	--
	Yes
	Note4

	Two-stage DRX[10] 
	9% ~16%
	--
	--
	Yes
	Note2

	Adaptive PDCCH skipping[7]
	18.35%
	93.42%
	11
	No
	Note2

	Note1: The evaluated scenario is indoor hotspot.   
Note2: The evaluated scenario is dense urban.
Note3: With different traffic arrival offset, i.e., random or evenly spaced, system capacity is different.
Note4: 60FPS, jitter [-4, 4] ms.



Proposal 12: The Dynamic grant enhancement with XR-specific pre-scheduling with the control of PDCCH monitoring window should be supported for XR UE power saving due to the advantages that it is optimized for UE power saving for different types of services independently.


	
	

	
	





2.8.1 Discussion 1
Based on companies’ performance evaluations, the following observations are made.
Observation
· For FR1, DL only evaluation, InH, high load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from CATT that 
· semi-static C-DRX enhancement scheme with (17/17/16, 8, 4) obtains 25.5% power saving gain with none satisfied UE, the dynamic grant enhancement with XR-specific pre-scheduling scheme could obtain the less than 10% capacity performance gap than that of the UE always-on for DG scheduling and obtain 11.7%~29.4% PSG compared to that of the UE always-on for DG scheduling. 
· Under the similar capacity performance,  while the semi-static C-DRX enhancement scheme with (17/17/16, 8, 4) provides capacity loss of 100%, the Dynamic grant enhancement with XR-specific  pre-scheduling could obtain less than 10% capacity performance degradation than that of the UE always-on for DG scheduling and obtain 15.7%~23.3% PSG compared to that of DG scheduling with C-DRX(16, 12, 4) and Rel-17 PDCCH skipping scheme.
· For FR1, DL only evaluation, InH, high load, multi-carrier, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from CATT that 
· power saving gain of enhanced C-DRX (16/17/17, 8, 4) are 19.0% and 27.4% for carrier with XR transmission and carrier with IM transmission, respectively.  
· Dynamic grant enhancement with XR-specific pre-scheduling scheme for XR traffic carrier and IM traffic carrier can obtain 23.3% and 87.2% power saving gain, respectively.

Question 1: Do you have any comments on proponent companies’ proposals and observations?
	Company
	Views

	
	

	
	

	
	



Question 2: Do you support the proponent companies’ proposals or not, and why? 
	Company
	Views

	MTK
	Support. We kind of emphasize the intention to align PDCCH monitoring window with XR traffic period.

	
	

	
	

	
	




SPS+DG with UE power saving scheme
CATT proposed SPS+DG with UE power saving scheme for XR. The enhanced SPS with additional resource allocation mechanism for XR service at both DRX ON and DRX OFF is introduced. The configured periodic SPS occasion provides wake-up timing for XR UE during DRX OFF, and subsequent dynamic grant window ensures timely transmission of XR packets. When XR packet arrives after the wake-up timing, i.e., SPS occasion, gNB could indicate UE to perform PDCCH skipping until XR packet arrival and to transform to sleep state after XR packet transmission finish. The SPS+DG with power saving schemes introduce a pre-configured PDCCH monitoring window for dynamic scheduling after the reserved SPS resources to transmit remaining packets. The pre-configured monitoring window can cover the whole jitter range which can meet 90% satisfied UE. Furthermore, when the data transmission is completed, UE can be indicated to go-to-sleep for power saving purpose until next SPS occasion(s). Evaluation results can be found in Table 9.


[bookmark: _Ref118295000]Table 9: Evaluation results for SPS+DG with UE power saving scheme for XR
	Company
	Evaluation results

	CATT
	
[bookmark: _Ref110945771][bookmark: _Ref110945766]Figure 4:  Illustration of enhanced SPS with PDCCH skipping and go-to-sleep.
Proposal 13:  The SPS + DG scheme with PDCCH skipping and go-to-sleep should be supported for XR UE power saving.

[bookmark: _Ref118632867]Table 12: Evaluation results of SPS+DG with power saving schemes compared to always-on
	Schemes
	Considered UE set
	Mean PSG compared to always-on
	#satisfied UEs per cell / #UEs per cell

	Baseline: Always-on
	-
	-
	12/12

	SPS+DG
	All UEs
	12.5%
	10.8/12

	
	Satisfied UEs
	12.6%
	

	Multiple SPS configurations
	All UEs
	47.4%
	0/12

	
	Satisfied UEs
	-
	

	SPS +DG with go-to-sleep
	All UEs
	39.8%
	10.6/12

	
	Satisfied UEs
	39.9%
	



Observation 5: The SPS+DG with power saving schemes can obtain the up to 39.9% power saving gain, which close to that of multiple SPS configurations. Moreover, the capacity of SPS+DG schemes is near to that of DG scheduling.

[bookmark: _Ref118632879]Table 13: Evaluation results of SPS+DG with power saving schemes compared to C-DRX
	Schemes
	Considered UE set
	Mean PSG compared to C-DRX
	#satisfied UEs per cell / #UEs per cell

	Baseline: C-DRX(16, 12, 4)
	-
	-
	10.9/12

	SPS+DG
	All UEs
	9.8%
	10.8/12

	
	Satisfied UEs
	9.9%
	

	Multiple SPS configurations
	All UEs
	46.1%
	0/12

	
	Satisfied UEs
	--
	

	SPS +DG with go-to-sleep
	All UEs
	38.0%
	10.6/12

	
	Satisfied UEs
	38.1%
	



Observation 6: The SPS +DG with power saving schemes can obtain the capacity performance of 10.8 UEs per cell and 9.9%~38.1% power saving gain compared to that of DG scheduling with C-DRX(16, 12, 4), additionally the multiple SPS configurations hardly provide UE the XR-specific service.
Proposal 14: The SPS+DG that the pre-configured PDCCH monitoring window bundled with the reserved SPS resource for PDSCH would be provide the resource to meet the QoS requirement  of XR-specific traffic with obvious power saving gain.


	
	

	
	





2.9.1 Discussion 1
Based on companies’ performance evaluations, the following observations are made.
Observation
· For FR1, DL only evaluation, InH, high load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from CATT that 
· SPS +DG with power saving schemes can obtain the capacity performance of 10.8 UEs per cell and 9.9%~38.1% power saving gain compared to that of DG scheduling with C-DRX(16, 12, 4)
· multiple SPS configurations provide 0% of satisfied UE.

Question 1: Do you have any comments on proponent companies’ proposals and observations?

	Company
	Views

	
	

	
	

	
	



Question 2: Do you support the proponent companies’ proposals or not, and why? 
	Company
	Views

	MTK
	Not support. We do not think SPS is a suitable tool for XR DL traffic, considering the large frame size variation.

	
	

	
	

	
	



XR-specific playoutDelayForMediaStartup for XR UE power saving enhancement
CATT proposed to introduce XR-specific playoutDelayForMediaStartup for XR UE power saving enhancement. If the size of the playout buffer is fed back to the gNB scheduler, gNB could have additional PDB for resource allocation of XR packet. Additional PDB can give gNB more time to schedule UE within the delay budget requirements of the XR service and more likely to successfully transmit packets with link adaptation gain. The XR-application awareness of UE playout buffer size at the gNB scheduler can preferentially schedule UE with packet delay close to deadline and better channel conditions. Besides, gNB also has more retransmission chance due to additional packet delay budget. Evaluation results can be found in Table 10.

[bookmark: _Ref117860118]Table 10: Evaluation results for XR-specific playoutDelayForMediaStartup for XR UE power saving enhancement
	Company
	Evaluation results

	CATT
	Table 14: The evaluation results of the gNB scheduling awareness schemes 
with XR-specific playoutDelayForMediaStartup
	Evaluation Schemes
	Capacity
	Power saving

	
	#satisfied UEs per cell
	% of satisfied UEs
	Capacity performance gain
	PSG

	DG scheduling with UE always on (Baseline)
	11.5
	95.83%
	-
	-

	XR-specific playoutDelayForMediaStartup scheme with go-to-sleep
(3 frames playout delay)
	20
	94.17%
	67%
	26.43%*

	XR-specific playoutDelayForMediaStartup scheme with PDCCH skipping and go-to-sleep
(3 frames playout delay)
	20
	93.3%
	67%
	28.51%*

	*Note: The power saving gain is based on the same capacity as that of the baseline scheme (DG scheduling with UE always on).



Observation 7: Large power saving gain and capacity gain can be obtained by the awareness of UE XR-specific playoutDelayForMediaStartup.
Proposal 15: gNB awareness of UE playout buffer should be studied and supported for XR UE power saving.

	
	

	
	




2.10.1 Discussion 1
Based on companies’ performance evaluations, the following observations are made.
Observation
· [bookmark: _Hlk111068833]For FR1, DL only, InH, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from CATT that with the awareness of UE XR-specific playoutDelayForMediaStartup, UE power saving gain of 26.43% to 28.51% can be achieved with 67% capacity gain. 

Question 1: Do you have any comments on proponent companies’ proposals and observations?

	Company
	Views

	
	

	
	

	
	



Question 2: Do you support the proponent companies’ proposals or not, and why? 
	Company
	Views

	MTK
	Support. If our understanding is correct, this is like a more accurate UE buffer status report with additional timing (delay) information. At the same time, we may have to align companies’ understanding on “UE playout buffer” so this additional UE assistant information can be correctly used if introduced.

	
	

	
	

	
	




PDCCH monitoring adaptation related enhancements

PDCCH monitoring resume after UE transmits NACK
Ericsson proposed that UE can resume PDCCH monitoring during the time that drx-RetransmissionTimerDL is running, regardless of previous PDCCH skipping indications. vivo proposed that if there is NACK feedback during the skipping duration, UE resumes PDCCH monitoring to receive corresponding retransmission scheduling within the drx-retransmissiontimer. Additionally, network can dynamically enable or disable this mechanism for the indicated PDCCH skipping, e.g., according to the remaining PDB etc. MediaTek proposed that after the UE is indicated to skip PDCCH monitoring, if any NACK is transmitted or if UL data is transmitted, the UE resumes PDCCH monitoring for a configured duration. Evaluation results can be found in Table 11. ZTE evaluated the PDCCH monitoring resuming and observed marginal gain. Huawei, OPPO, ETRI, NEC, LGE, Samsung, III also proposed to resume PDCCH monitoring after PDCCH skipping starts if UE sends NACK.

These proposals and evaluation results were discussed in following proposals in RAN1 #110bis-e, but there was no consensus to adopt.
	Proposal C: Support UE resumes PDCCH monitoring after PDCCH skipping starts if UE sends the NACK for Rel-18 XR-specific power saving enhancements




[bookmark: _Ref119336105]Table 11: Evaluation results for CDRX On Duration adaptation
	Company
	Evaluation results

	Ericsson
	
[image: ]

Figure 1 Illustration of NACK sent in the same DRX Active Time as PDCCH skipping indication. In this example, with the current specifications, the retransmission cannot be sent to the UE in the same Active Time.

[image: ]
Figure 2 Illustration of NACK sent in a DRX Active Time subsequent to the Active Time where the PDCCH skipping indication was sent.
[image: ]
Figure 3 Illustration of NACK sent in the same DRX Active Time as PDCCH skipping indication, after enhancement.
Proposal 3 UE can resume PDCCH monitoring during the time that drx-RetransmissionTimerDL is running, regardless of previous PDCCH skipping indications.
Table 2: Results for FR1, high load, Dense Urban scenario, and VR single-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	H
	8
	8
	91.7%
	-
	-

	R1-2210922
	R15/16 DRX (Long DRX)
	10
	8
	4
	H
	8
	7
	86.9%

	4.3%

	4.9%


	R1-2210922
	R15/16 DRX (Short DRX)
	4
	2
	4
	H
	8
	6
	78.2%
	10.4%
	11.0%

	R1-2210922
	Matched CDRX (with our solution)
	16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	7
	87.2%
	10.5%
	11.4%

	R1-2210922
	Matched CDRX (solutions from other companies)
	16.6
(17-17-16 equivalent)
	10
	4
	H
	8
	7
	87.0%
	10.1%
	10.5%

	R1-2210922
	PDCCH skipping & matched CDRX
	16.6
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	7
	87.3%
	15.8%
	16.0%



Table 3: Results for FR1, low load, Dense Urban scenario, and VR single-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	L
	2
	8
	100%
	
	

	R1-2210922
	R15/16 DRX (Long DRX)
	10
	8
	4
	L
	2
	-
	100%
	4.8%
	4.8%

	R1-2210922
	R15/16 DRX (Short DRX)
	4
	2
	4
	L
	2
	-
	100%
	12.4%
	12.4%

	R1-2210922
	Matched CDRX (with our solution)
	16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	12.8%
	12.8%

	R1-2210922
	Matched CDRX (solutions from other companies)
	16.6
(17-17-16 equivalent)
	10
	4
	L
	2
	-
	100%
	12.5%
	12.5%

	R1-2210922
	PDCCH skipping & matched CDRX
	16.6
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	22.5%
	22.5%



Table 4: Results for FR1, high load, Dense Urban scenario, and VR multi-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB), DL audio (10 ms periodicity, 30 ms PDB), UL pose (4 ms periodicity, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	H
	8
	8
	90.1%
	-
	-

	R1-2210922
	R15/16 DRX (Long DRX)
	10
	8
	4
	H
	8
	7
	86.9%
	2.6%
	2.7%

	R1-2210922
	R15/16 DRX (Short DRX)
	4
	2
	4
	H
	8
	6
	80.2%
	6.1%
	6.1%

	R1-2210922
	Matched CDRX (with our solution)
	16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	 7
	85.5%
	7.2%
	7.1%

	R1-2210922
	Matched CDRX (solutions from other companies)
	16.6
(17-17-16 equivalent)
	10
	4
	H
	8
	7
	86.4%
	7.6%
	7.5%

	R1-2210922
	PDCCH skipping & matched CDRX
	16.6
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	7
	84.7%
	7.6%
	7.6%




	vivo
	
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.
[image: ]
Figure 7. Potential network implementation of PDCCH skipping indication using Rel-17 specification
[image: ]
Figure 8. Example of PDCCH skipping and interaction with HARQ retransmission
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Figure 9. Power saving gain of VR/AR 30Mbps in InH scenario
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Figure 10. System capacity of VR/AR 30Mbps in InH scenario
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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).
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.
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




	ZTE
	Proposal 4:	Capture solutions and evaluation results for jitter handling into TR 38.835.
Proposal 5:  Support flexible additional active time based on current CDRX design, with minor specification change.
Table 5 FR1 power consumption results in Indoor scenario (VR45Mbps, fps=60, DL only, jitter=[-8,8]ms)
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all Ues (%)

	Aligned CDRX with XR traffic
	Aligned 
every 50ms
	14
	5
	7
	7
	88.10%
	4.60%

	Aligned CDRX with XR traffic
	Aligned 
every 50ms
	12
	5
	7
	7
	80%
	9.46%

	Flexible additional active time + aligned CDRX 
	Aligned 
every 50ms
	2
	4
	7
	7
	89.48%
	19%

	PDCCH Skipping
(duration = 2ms,4ms)
	Aligned 
every 50ms
	14
	5
	7
	7
	72.62%
	10.84%

	PDCCH skipping with dummy grant
(duration = 4ms,8ms)
	Aligned 
every 50ms
	14
	5
	7
	7
	80.95%
	13.03%



Table 6 FR1 power consumption results in Dense Urban scenario (VR45Mbps, fps=60, DL only, jitter=[-8,8]ms)
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all Ues (%)

	Aligned CDRX with XR traffic
	Aligned 
every 50ms
	14
	5
	7
	7
	85%
	4.50%

	Flexible additional active time + aligned CDRX 
	Aligned 
every 50ms
	2
	4
	7
	7
	84%
	18%

	PDCCH Skipping
(duration = 2ms,4ms)
	Aligned 
every 50ms
	14
	5
	7
	7
	74%
	9.6%

	PDCCH skipping with dummy grant
(duration = 4ms,8ms)
	Aligned 
every 50ms
	14
	5
	7
	7
	80%
	12%



Observation 2:   For FR1, Indoor, [-8,8]ms jitter range, VR45M, DL only, 
· Flexible additional active time has 19% PSG with 89.48% of satisfied UE 
· PDCCH skipping with dummy grant has 13.03% PSG with 80.95% of satisfied UE
· PDCCH skipping indicated in last transmission slot has 10.84% PSG with 72.62% of satisfied UE

Observation 3:   For FR1, Dense Urban, [-8,8]ms jitter range, VR45M DL only, 
· Flexible additional active time has 18% PSG with 84% of satisfied UE 
· PDCCH skipping with dummy grant has 12% PSG with 80% of satisfied UE
· PDCCH skipping indicated in last transmission slot has 9.6% PSG with 74% of satisfied UE

Observation 4:   For evaluation of power saving techniques, the limitations of legacy PDCCH skipping should be accounted.
· PDCCH skipping is indicated in a scheduling DCI
· The PDCCH skipping duration may delay potential retransmission scheduling
· PDCCH skipping with dummy grant costs additional power consumption due to decoding PDSCH and transmitting HARQ-ACK to the dummy grant
Proposal 6:   There is no need to enhance Rel-17 PDCCH skipping for re-transmission.

	
	

	MTK
	Observation 1: In current Spec, no additional PDCCH monitoring for retransmission is allowed when PDCCH skipping is triggered. Due to XR application’s stringent latency requirement, further retransmission-aware mechanisms should be explored.

We have two solutions to address the retransmission following the PDCCH skipping indication. 

Solution 1: If UE is indicated to skip PDCCH monitoring for a specific duration based on the Rel-17 adaptation scheme, then if any NACK is transmitted, UE resumes the monitoring and cancels the indication of Skipping. 
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Proposal 1: (Solution 1) If UE is indicated to skip PDCCH monitoring, then if any NACK is transmitted, UE resumes the monitoring and cancels the PDCCH skipping.

Solution 2: In solution 2, when UE is indicated to skip PDCCH monitoring for a duration by the Rel-17 adaptation scheme, then if any NACK is transmitted or if the scheduled UL data is transmitted, the UE has to resume PDCCH monitoring for a configured duration. 
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Proposal 2: (Solution 2) If UE is indicated to skip PDCCH monitoring, then if any NACK is transmitted or if UL data is transmitted, UE resumes the PDCCH monitoring for a configured duration.

Observation 2: Solution 2 can be applied to both DL and UL. Also, it can get better power saving gain for an appropriate configured duration.
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Figure 1 Power saving gain results by SLS for retransmission aware PDCCH skipping
Observation 3: In Figure 1, it can be seen that if UE does not resume PDCCH monitoring for the potential retransmission (y=0), the outage rate (ratio of unsatisfied UE) grows fast when the PDCCH skipping duration exceeds 4ms for cloud gaming (CG), and 2ms for XR. This means only short skip durations are acceptable for Rel-17 PDCCH skipping if there is no reTX handling.

Observation 4: As shown in Figure 1, with Solution 2, UE performs PDCCH skipping with 12ms while resuming PDCCH monitoring for 5ms when a NACK is transmitted. With this ReTx handling method, it can achieve a significant power saving gain (20.78%~27.97%) w.r.t Rel-17 PDCCH skipping.
Observation 7: During RAN1 #110bis-e discussion [5], Nokia/ZTE mentions that MTK SLS simulation result is not considering CDRX and the impact of transition of active/inactive time is not included. The reason CDRX was not included is that legacy CDRX is not suited for XR traffic and would evidently increase the outage rate.
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Figure 4 Power saving gain results by SLS for retransmission aware PDCCH skipping with CDRX
Observation 8: To demonstrate that retransmission aware PDCCH skipping also provides power saving gain when operating with CDRX, SLS simulation is performed to evaluate power saving gain of retransmission aware PDCCH skipping with (16,10,5) CDRX cycle. From Figure 4, it can be seen that when CDRX comes into play, retransmission aware PDCCH skipping with CDRX still achieves higher power saving gain (15.29% compared to Rel-17 PDCCH skipping) with lower outage rate increment.
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Figure 5 Power saving gain results by SLS for DL retransmission aware PDCCH skipping with UL pose/control
Observation 9: During RAN1 #110bis-e discussion [5], ZTE mentions that UL transmission should be jointly considered/optimized. To evaluate the impact of UL transmission, a joint DL/UL SLS simulation is performed for VR application. From Figure 5, it can be seen that when UL pose/control (4ms period) comes into play, DL retransmission aware PDCCH skipping still achieves 14.27% power saving gain compared to Rel-17 PDCCH skipping.
Proposal 3: RAN1 to specify a DL retransmission aware PDCCH skipping in R18 XR WI; UL retransmission optimization can be jointly considered/enhanced if necessary in R18 XR WI.

Observation 10: For potential enhancement of UL retransmission, the following can be considered:
· For UL pose control: retransmission-less configured grant (CG) as proposed by Qualcomm in [6]
· For UL AR video: UL (re-)transmission handling in C-DRX as proposed by Huawei in [7]

	
	

	
	

	
	




3.3.1 Discussion 1
Based on companies’ performance evaluations, the following observations are made for UE resume PDCCH monitoring after PDCCH skipping starts if UE sends the NACK
Observation
· For FR1, DL + UL joint evaluation, DU, high load, VR 30Mbps traffic at 60fps with 10ms PDB and DL audio, it is observed from Ericsson that 
· eCDRX as performance reference provides 
· mean power saving gain of 7.4% in the range of 7.2% to 7.6% for all UEs 
· mean capacity gain of -4.60% in the range of -5.1% to -4.1%
· PDCCH skipping enhancement with eCDRX provides 
· power saving gain of 7.6% for all UEs 
· capacity gain of -6.0%
· For FR1, DL + UL joint evaluation, DU, high load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from MediaTek that
· R17 PDCCH skipping performance reference provides 
· mean power saving gain of 5.18% in the range of 3.96% to 6.39% for all UEs 
· mean capacity gain of -19.90% in the range of -32.7% to -7.1% 
· enhanced PDCCH skipping provides 
· power saving gain of 17.66% 
· capacity gain of -3.4%
· For FR1, DL + UL joint evaluation, DU, high load, CG 30Mbps traffic at 60fps with 10ms PDB, it is observed from MediaTek that 
· Rel-17 PDCCH skipping performance reference provides 
· mean power saving gain of 11.29% in the range of 8.64% to 14.11% for all UEs 
· mean capacity gain of -15.77% in the range of -32.0% to -5.1%
· enhanced PDCCH skipping provides 
· mean power saving gain of 25.19% in the range of 20.78% to 29.60% for all UEs 
· capacity gain of -8.8%
· For FR1, DL only evaluation, DU, high load, DRX not configured, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from MediaTek that 
· R17 PDCCH skipping as performance reference provides 
· mean power saving gain of 6.95% in the range of 5.27% to 8.62% for all UEs 
· mean capacity gain of -14.70% in the range of -25.4% to -4.0%
· enhanced PDCCH skipping provides 
· mean power saving gain of 29.87% in the range of 27.97% to 31.77% for all UEs 
· capacity gain of -1.0%
· For FR1, DL only evaluation, DU, high load, DRX configured, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from MediaTek that 
· R17 PDCCH skipping as performance reference provides 
· mean power saving gain of 7.73% in the range of 6.04% to 9.41% for all UEs 
· mean capacity gain of -89.80% in the range of -96.6% to -83.0% 
· enhanced PDCCH skipping provides 
· power saving gain of 23.27% 
· capacity gain of -77.6%
· For FR1, DL only evaluation, DU, high load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from Ericsson that 
· eCDRX as performance reference provides 
· mean power saving gain of 10.3% in the range of 10.1% to 10.5% for all UEs 
· mean capacity gain of -5.0% in the range of -5.1% to -4.9%
· PDCCH skipping enhancement with eCDRX provides 
· power saving gain of 15.8% for all UEs 
· capacity gain of -4.8%
· For FR1, DL only evaluation, DU, low load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from Ericsson that 
· eCDRX as performance reference provides 
· mean power saving gain of 12.65% in the range of 12.5% to 12.8% for all UEs 
· capacity gain of 0%
· PDCCH skipping enhancement with eCDRX provides 
· power saving gain of 22.5% for all UEs 
· capacity gain of 0%
· For FR1, DL only evaluation, DU, high load, VR 45Mbps traffic at 60fps with 10ms PDB, it is observed from ZTE that 
· R17 PDCCH skipping + eCDRX as performance reference provides 
· mean power saving gain of 10.80% in the range of 9.6% to 12% for all UEs 
· mean UE satisfied ratio of 77% in the range of 74% to 80%
· PDCCH skipping with retransmission enhancement + eCDRX provides 
· power saving gain of 16% for all UEs with 
· UE satisfied ratio of 84%
· For FR1, DL only evaluation, DU, high load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from MediaTek 
· R17 PDCCH skipping as performance reference provides 
· mean power saving gain of 6.44% in the range of 4.90% to 7.97% for all UEs 
· mean capacity gain of -18.05% in the range of -29.6% to -6.5% 
· enhanced PDCCH skipping without DRX provides 
· mean power saving gain of 27.50% in the range of 25.68% to 29.31% for all UEs 
· capacity gain of -2.70% 
· For FR1, DL only evaluation, InH, high load, VR 45Mbps traffic at 60fps with 10ms PDB, it is observed from ZTE that 
· R17 PDCCH skipping + eCDRX performance reference provides 
· mean power saving gain of 11.94% in the range of 10.84% to 13.03% for all UEs 
· mean UE satisfied ratio of 76.79% in the range of 72.62% to 80.95%. 
· PDCCH skipping with retransmission enhancement + eCDRX provides 
· power saving gain of 16.31% for all UEs 
· UE satisfied ratio of 84.52%.
· For FR1, DL only evaluation, InH, low load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from vivo that 
· R17 PDCCH skipping + eCDRX performance reference provides 
· mean power saving gain of 19.58% in the range of 15.79% to 23.36% for all UEs 
· capacity gain of 0%
· Enhanced PDCCH skipping + eCDRX provides 
· mean power saving gain of 32.45% in the range of 27.77% to 37.13% for all UEs 
· capacity gain of 0% 
· When LP-WUS is adopted, enhanced PDCCH skipping + eCDRX + LP-WUS provides 
· mean power saving gain of 42.87% in the range of 41.90% to 43.84% for all UEs 
· capacity gain of 0%
· For FR1, DL only evaluation, InH, high load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from vivo that 
· R17 PDCCH skipping + eCDRX performance reference provides 
· mean power saving gain of 25.08% in the range of 12.26% to 35.21% for all UEs 
· mean UE satisfied ratio of 63.47% in the range of 1.11% to 97.45%.  
· Enhanced PDCCH skipping + eCDRX provides 
· mean power saving gain of 30.60% in the range of 23.67% to 32.49% for all UEs 
· mean UE satisfied ratio of 94.42% in the range of 92.20% to 97.45%. 
· When LP-WUS is adopted, enhanced PDCCH skipping + eCDRX provides 
· mean power saving gain of 37.84% in the range of 37.20% to 38.47% for all UEs 
· mean UE satisfied ratio of 91.71% in the range of 91.20% to 92.22%. 

Question 1: Do you have any comments on proponent companies’ proposals and observations?

	Company
	Views

	ZTE, Sanechips
	Some results show clear power saving gain; for following cases, we have some concerns:
In case of the first bullet, basically no power saving gain is observed for PDCCH skipping enhancement with eCDRX.
In the fifth bullet, the results of case ‘FR1, DL only evaluation, DU, high load, DRX configured, VR 30Mbps’ shows huge capacity loss, which would affect the UE experience seriously.
As FL pointed out, in some cases, the marginal power saving gain is observed for the PDCCH skipping enhancement.

	OPPO2
	We are generally fine with the above observations except the following modifications, since it is observed from our Tdoc [R1-2211490] that eCDRX provides capacity gain of -1.4%.
· For FR1, DL only, DU, high load, VR 30Mbps traffic at 60fps and 10ms PDB, it is observed from OPPO that 
· on top of eCDRX, additional active time provides 
· power saving gain of 30.86% for all UEs 
· capacity gain of 0.0%
· eCDRX as the performance reference provides 
· power saving gain of 18.72% for all UEs 
· capacity gain of -1.6% -1.4%
Sorry for my misunderstanding for the calculation, my fault!! We are fine with the above observations😊

	MTK
	We think this section belongs to PDCCH monitoring adaptation and should be moved to Section 3. Schemes like retransmission-aware PDCCH skipping can work with or without CDRX.

	Nokia1
	Like noted in last meeting, it is not fully clear to us why these two schemes are bundled together as alternatives.  One group of solutions aims to facilitate the C-DRX configuration by having more ‘dynamicity’ in the OnDuration/Active time determination. One solution seems to target to separate XR-traffic and non-XR traffic via separate monitoring patterns (and don’t this this belongs to under A). Other set of solutions focuses on handling of re-transmission window on conjunction with PDCCH skipping. We don’t really see that these solutions/proposals are competing candidates. The the onDuration extension related schemes would be more associated with Section 2.6 schemes

	LGE
	We are not sure UE’s resuming PDCCH monitoring should be considered under PDCCH monitoring avoidance after XR data reception. It is more appropriate to be discussed under PDCCH monitoring adaptation related enhancements.

	Intel
	Agree with MTK that second observation should be discussed under PDCCH monitoring adaptation, not C-DRX enhancement.
Satisfied UE ratio and capacity gain are used interchangeably. CG PDB should be 15ms.




Question 2: Do you support the proponent companies’ proposals or not, and why? 
	Company
	Views

	vivo
	We support PDCCH monitoring resume after UE transmits NACK. The reasons are as follows.
· The existing R17 PDCCH skipping indication will cause either capacity loss or unnecessary PDCCH monitoring.
· Only using short R17 PDCCH skipping durations, e.g., 2ms or 4ms is not a reasonable R17 PDCCH skipping implementation method.
· From the simulation results, 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.
· Using MAC based termination of PDCCH monitoring within DRX active time would introduce delay thus cause additional power consumption. 

	MTK
		Support. Retransmission is critical for XR capacity, and the proposal can obtain good capacity gain with small spec impact.
At the same time, we think the observation from ZTE that “PDCCH monitoring resuming has marginal gain” is not a fair observation. Looking at ZTE’s tdoc (R1-2211905) Table 8 as copied below, it can be seen that:
· “PDCCH Skipping with retransmission” can provide similar power saving gain (4%~5%) over existing mechanism (PDCCH skipping dummy grant) as “aligning CDRX with XR traffic” (4.5%), in such a harsh scenario (VR 45M, jitter=[-8,8]ms). Besides, the satisfaction rate loss of “PDCCH Skipping with retransmission” is only 1%, which is even smaller than “aligned CDRX with XR traffic” (>5%, 5=90-85)
Hence, we think retransmission-aware PDCCH skipping achieves more power saving benefits than “eCDRX with XR traffic alignment” and should also be considered in R18 WI.
Table 8 FR1 power consumption results in Dense Urban scenario (VR45M, fps=60, DL only, jitter=[-8,8]ms)
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all Ues (%)

	Aligned CDRX with XR traffic
	Aligned 
every 50ms
	14
	5
	7
	7
	85%
	4.50%

	PDCCH Skipping
(duration = 2ms,4ms)
	Aligned 
every 50ms
	14
	5
	7
	7
	74%
	9.6%

	[bookmark: _Hlk119367876]PDCCH skipping with dummy grant
(duration = 4ms,8ms)
	Aligned 
every 50ms
	14
	5
	7
	7
	80%
	12%

	PDCCH Skipping with retransmission
(duration = 3ms,7ms)
	Aligned 
every 50ms
	14
	5
	7
	7
	84%
	16%







	LGE
	Support. To meet stringent latency requirement of XR, it should be addressed.

	
	




PDCCH skipping duration enhancements
[bookmark: _Hlk115336960]Huawei proposed the adaptive PDCCH skipping duration until the earliest possible arrival time of the next frame to maximize the seamless PDCCH skipping duration. vivo proposed the one-shot skipping to the next jitter boundary position. Xiaomi proposed to adopt four PDCCH skipping durations (e.g., 6/8/10/12ms). CATT proposed to enhance PDCCH skipping by introducing the go-to-sleep indication for fast transition to the sleep state which terminates UE DRX active time immediately. Ericsson compared two cases when CDRX is configured: i) Rel-17 PDCCH skipping with two durations only; ii) enhanced PDCCH skipping with arbitrary skipping duration covering the remaining DRX active time. Evaluation results show the arbitrary skipping duration has negligible power saving or capacity gain compared with PDCCH skipping with two durations. Evaluation results can be found in the Table 11. LGE, Google, InterDigital also proposed more or flexible PDCCH skipping duration. 

[bookmark: _Ref117860104]Table 11: Evaluation results for PDCCH skipping duration enhancements
	Company
	Evaluation results

	Huawei
	[image: ]
[bookmark: _Ref109760882]Figure 7 Illustration of the flexible duration of PDCCH skipping
[bookmark: _Ref109757702]Table 5 Simulation results of adaptive PDCCH skipping duration, Dense Urban, DL VR/AR@30Mbps
	Power saving scheme
	Load H/L
	#UE /cell
	floor (Capacity)
	% of DL satisfied UE
	Mean PSG of all UEs (%)

	Always On
	H
	11
	11
	93.42%
	-

	Legacy PDCCH Skipping (D1=5, D2=10, D3=15)
	H
	11
	11
	93.42%
	12.12%

	Legacy PDCCH Skipping (D1=4, D2=16, D3=29)
	H
	11
	11
	93.42%
	11.15%

	PDCCH skipping with adaptive duration
	H
	11
	11
	93.42%
	18.35%


[bookmark: _Ref118364273]Proposal 7: To avoid unnecessary PDCCH monitoring after XR frame transmission finishes, support adaptive PDCCH skipping duration, which is determined by the gap between indication reception time and earliest possible arrival time of next frame.

	vivo
	

Figure 5. Enhanced PDCCH skipping duration.
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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. 
Table 8. Results for FR1, MU-MIMO, Indoor Hotspot, DL video (60 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




	Xiaomi
	Table 1: Relative time fraction of different UE power consumption states
	
	PDCCH without PDSCH
	PDCCH with PDSCH 
	Deep sleep
	Light sleep
	Micro sleep

	Baseline
	91.72%
	8.28%
	0
	0
	0

	genie
	0
	8.28%
	5.35%
	66.84%
	3.80%

	PDCCH skipping case 1
	32.77%
	8.28%
	0
	58.95%
	0

	PDCCH skipping case 2
	24.56%
	8.26%
	0
	67.18%
	0


Table 2: Relative energy of different UE power consumption states
	
	PDCCH without PDSCH
	PDCCH with PDSCH
	Deep sleep 
	Deep sleep transition
	Light sleep
	Light sleep transition
	Micro sleep
	Total
	PSG

	Baseline
	91.72
	24.84
	0
	0
	0
	0
	0
	116.56
	N/A

	genie
	0
	24.84
	0.0535
	1.38
	13.37
	5.65
	1.71
	47.00
	59.67%

	PDCCH skipping case 1
	32.77
	24.84
	0
	0
	2.84
	7.46
	0
	67.91
	41.74%

	PDCCH skipping case 2
	24.56
	24.77
	0
	0
	4.67
	7.31
	0
	61.31
	47.40%


Table 3: Summary of metrics
	
	Total
Energy
	PSG

	Delay(ms)
	% of satisfied UEs

	Baseline
	116.56
	N/A
	2.46
	96.61%

	PDCCH skipping case 1
	67.91
	41.74%
	2.70
	95%

	PDCCH skipping case 2
	61.31
	47.40%
	2.92
	96.56%


Observation1: Compared with PDCCH skipping with 2 candidate durations, PDCCH skipping with 4 candidate durations has 6% more power saving gain, and 1.5% more satisfied UE rate. Average delay is increased a little but still within the PDB range.
Proposal 3: More candidate PDCCH skipping durations should be supported to be configured by RRC signalling.

	CATT
	Proposal 5: The XR-specific go-to-sleep indication by DCI should be supported to be jointly configured with PDCCH skipping indication in the XR-specific DCI for fast transition to the sleep state PDCCH skipping enhancement schemes with no impact to other delay-insensitive traffic. 
Table 1: PDCCH skipping enhancement schemes
	Schemes
	Procedure

	Baseline 1：Always-on 
	PDCCH monitoring is based on the configured PDCCH monitoring cycle of the search space.

	Baseline 2：C-DRX(16, 12, 4)  with Rel-17 PDCCH skipping scheme
	When the XR packet transmission is completed, UE would be indicated by scheduling DCI to skip an interval of PDCCH skipping and return to normal PDCCH monitoring afterward.

	PDCCH skipping enhancement scheme 1 with C-DRX(16, 12, 4)
(non-scheduling and scheduling  DCI with persistent  skipping indication)
	UE can be indicated by both scheduling and non-scheduling DCI to skip the indicated interval of PDCCH monitoring occasions persistently. The skipping duration is persistent without termination of PDCCH skipping until a new skipping indication is received.

	PDCCH skipping enhancement scheme 2 with C-DRX(16, 12, 4)
(go-to-sleep)
	When the XR packet transmission is completed, a code point of skipping duration is configured as the go-to-sleep to allow UE fast transition to the sleeping state and return to normal PDCCH monitoring afterward.  

	PDCCH skipping enhancement scheme 3 with C-DRX(16, 12,4)
(Continuous PDCCH skipping and dynamic go-to-sleep indication)
	UE can be indicated by non-scheduling and scheduling DCI to skip one or more MOs continuously. When the XR packet transmission is completed, a code point of skipping duration is configured as the go-to-sleep to allow UE fast transition to the sleep state.   


Table 2:  Evaluation results of PDCCH skipping schemes compared to always-on with MU-MIMO scheduling
	PDCCH monitoring Schemes
	Considered UE set
	Mean PSG compared to always-on
	#satisfied UEs per cell 

	Baseline 1: Always-on
	-
	-
	11.5

	PDCCH skipping enhancement scheme 1
(non-scheduling and scheduling  DCI with persistent skipping indication)
	All UEs
	22.4%
	10.7

	
	Satisfied UEs
	22.4%
	

	PDCCH skipping enhancement scheme 2
(go-to-sleep)
	All UEs
	24.0%
	10.8

	
	Satisfied UEs
	24.4%
	

	PDCCH skipping enhancement scheme 3
(Continuous PDCCH skipping and dynamic go-to-sleep indication)                                                                            
	All UEs
	29.4%
	10.7

	
	Satisfied UEs
	29.9%
	



Observation 1: From the results in Table 2, it could be observed that:
· The non-scheduling DCI based PDCCH skipping scheme can obtain 22.4% power saving gain with compared with those of always-on.
· The go-to-sleep indication scheme can obtain 24.0%~24.4% power saving gain with capacity compared with those of always-on. 
· The go-to-sleep indication and continuous PDCCH skipping scheme can obtain up to 29.9% power saving gain compared with those of always-on.
[bookmark: _Ref111121281]Table 3:  Evaluation results of PDCCH skipping schemes compared to C-DRX(16, 12, 4) with Rel-17 PDCCH skipping scheme and MU-MIMO scheduling
	Schemes
	Considered UE set
	Mean PSG compared to C-DRX(16,12,4)
	#satisfied UEs per cell

	Baseline: C-DRX(16, 12, 4) with Rel-17 PDCCH skipping scheme
	-
	-
	10.8

	PDCCH skipping enhancement scheme 1 with C-DRX(16, 12, 4)
(non-scheduling and scheduling  DCI with persistent  skipping indication)
	All UEs
	15.7%
	10.7

	
	Satisfied UEs
	15.7%
	

	PDCCH skipping enhancement scheme 2 with C-DRX(16, 12, 4)
(go-to-sleep)
	All UEs
	17.4%
	10.8

	
	Satisfied UEs
	17.8%
	

	PDCCH skipping enhancement scheme 3 with C-DRX(16, 12, 4)
(Continuous PDCCH skipping and dynamic go-to-sleep indication)                                                                            
	All UEs
	23.3%
	10.7

	
	Satisfied UEs
	23.8%
	



Observation 2: From the results in Table 3, it could be observed that:
· The non-scheduling DCI based PDCCH skipping scheme with C-DRX(16, 12, 4) can obtain 15.7% power saving gain with negligible capacity degradation compared with C-DRX(16, 12, 4) with Rel-17 PDCCH skipping scheme.
· The go-to-sleep indication scheme with C-DRX(16, 12, 4) can obtain 17.4%~17.8% power saving gain with no capacity loss compared with C-DRX(16,12,4) with Rel-17 PDCCH skipping scheme.
· The go-to-sleep indication and continuous PDCCH skipping scheme with C-DRX(16, 12, 4) can obtain up to 23.8% power saving gain without capacity loss compared with C-DRX(16, 12, 4) with Rel-17 PDCCH skipping scheme.


	
	





3.2.1 Discussion 1
Based on companies’ performance evaluations, the following observations are made.
Observation
· For FR1, DL + UL joint evaluation, DU, DRX configured, VR 30Mbps traffic at 60fps with 10ms PDB and DL audio, it is observed from Ericsson that 
· Rel-17 PDCCH skipping with two durations as performance reference provides
· For high load, power saving gain of 10.4% and capacity gain of -19.9%
· For low load, power saving gain of 11.2% and capacity gain of 7.2%
· enhanced PDCCH skipping with arbitrary skipping duration covering the remaining DRX active time provides
· For high load, power saving gain of 10.5% and capacity gain of -19.6%
· For low load, power saving gain of 11.2% and capacity gain of 8.0%
· For FR1, DL-only evaluation, DU, DRX not configured, high load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from Huawei that 
· PDCCH skipping with adaptive duration provides 
· power saving gain of 18.35% 
· capacity gain of 0.00%
· R17 PDCCH skipping performance reference provides 
· mean power saving gain of 11.64% in the range of 11.15% to 12.12% and 
· capacity gain of 0.00%
· For FR1, DL-only evaluation, DU, DRX not configured, high load, VR 45Mbps traffic at 60fps with 10ms PDB, it is observed from Xiaomi that 
· Rel-17 PDCCH skipping with 2 candidate durations as performance reference provides 
· power saving gain of 41.74% 
· capacity gain of -2.1%
· PDCCH skipping enhancement with 4 candidate durations provides 
· power saving gain of 47.40% for all UEs 
· capacity gain of -1.0%
· For FR1, DL-only evaluation, InH, high load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from CATT that
· go-to-sleep based on PDCCH skipping enhancement provides 
· power saving gain of 24.0% for all UEs 
· capacity gain of -6.1%
· DG scheduling with C-DRX which provides 
· power saving gain of 8.0% 
· capacity gain of -6.1%
· For FR1, DL-only evaluation, InH, low load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from vivo that
· enhanced PDCCH skipping provides 
· mean power saving gain of 17.71% in the range of 12.06% to 23.36% 
· mean capacity gain of 0.00%
· R17 PDCCH monitoring provides 
· mean power saving gain of 12.56% in the range of 6.93% to 18.18% 
· mean capacity gain of 0.00%
· For FR1, DL-only evaluation, InH, high load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from vivo that
· enhanced PDCCH skipping provides 
· mean power saving gain of 14.87% in the range of 10.46% to 19.28% 
· mean capacity gain of -0.23% in the range of -0.2% to -0.3% 
· R17 PDCCH monitoring provides 
· mean power saving gain of 9.96% in the range of 5.66% to 14.25% 
· mean capacity gain of -0.23% in the range of -0.2% to -0.3%

Question 1: Do you have any comments on proponent companies’ proposals and observations?

	Company
	Views

	Nokia1
	For evaluations that were carried without C-DRX, is it still assumed that UE would e.g. measure and report CSI during the PDCCH skipping duration?

	
	

	
	



Question 2: Do you support the proponent companies’ proposals or not, and why? 
	Company
	Views

	vivo
	We support PDCCH skipping duration enhancements. The reasons are as follows.
· When PDCCH skipping indication is used without CDRX configuration, 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 the existing candidates of PDCCH skipping duration.
· Additional RRC candidate duration values or indication bits of DCI can be adopted for the PDCCH skipping duration enhancements, which has very limited spec impact.

	MTK
	Support. NW instructs UE to skip to a predefined time stamp to match XR traffic period seems reasonable to us.

	LGE
	Support. Especially we think PDCCH monitoring adaptation in connected mode should be discussed to be applied to the UE not being configured with the CDRX.

	ZTE, Sanechips
	We don’t think it is valid assuming there’s no CDRX but PDCCH skipping, in current network. Besides, we agree that more PDCCH skipping durations can provide more flexibility to PDCCH skipping.




Non-scheduling DCI based PDCCH skipping indication and Continuous PDCCH skipping
CATT proposed the non-scheduling DCI based PDCCH skipping indication to reduce unnecessary PDCCH monitoring (due to the variation of inter-arrival time caused by delay jitter from network transport) when no XR data is scheduled for transmission. Evaluation results can be found in Table 12. Intel, CMCC, NEC, Google, InterDigital, DOCOMO also proposed non-scheduling DCI based PDCCH monitoring adaptation. 
CATT proposed the continuous PDCCH skipping. gNB configures a short PDCCH skipping duration and UE continuously skips the PDCCH MOs until the DCI is successfully decoded at the time of packet arrival. Evaluation results can be found in Table 12

[bookmark: _Ref117860108]Table 12: Evaluation results for non-scheduling DCI based PDCCH skipping indication
	Company
	Evaluation results

	CATT
	Proposal 1: Rel-17 PDCCH skipping adaptation should be enhanced to customize for periodic XR traffic arrival with network delay jitter in reducing unnecessary PDCCH monitoring before XR data arrival by using the non-scheduling DCI based PDCCH skipping.


[bookmark: _Ref100837732]Figure 1: The procedure of the PDCCH skipping with 2 bits indication in non-scheduling DCI
Proposal 2: The extension of non-scheduling DCI format design could reuse the existing DCI format 1_1 in Rel-16 and dose not increase the size of DCI format with additional function in extending the PDCCH monitoring adaptation in PCell without introducing additional information field.
Proposal 3: PDCCH skipping enhanced by non-scheduling DCI can reduce unnecessary PDCCH monitoring with little specification changes for the late arrival of periodic XR traffic at the beginning of PDCCH monitoring at each cycle.

[bookmark: _Ref118631500]Table 1: PDCCH skipping enhancement schemes
	Schemes
	Procedure

	Baseline 1：Always-on 
	PDCCH monitoring is based on the configured PDCCH monitoring cycle of the search space.

	Baseline 2：C-DRX(16, 12, 4)  with Rel-17 PDCCH skipping scheme
	When the XR packet transmission is completed, UE would be indicated by scheduling DCI to skip an interval of PDCCH skipping and return to normal PDCCH monitoring afterward.

	PDCCH skipping enhancement scheme 1 with C-DRX(16, 12, 4)
(non-scheduling and scheduling  DCI with persistent  skipping indication)
	UE can be indicated by both scheduling and non-scheduling DCI to skip the indicated interval of PDCCH monitoring occasions persistently. The skipping duration is persistent without termination of PDCCH skipping until a new skipping indication is received.



[bookmark: _Ref110945564]Table 2:  Evaluation results of PDCCH skipping schemes compared to always-on with MU-MIMO scheduling
	PDCCH monitoring Schemes
	Considered UE set
	Mean PSG compared to always-on
	#satisfied UEs per cell 

	Baseline 1: Always-on
	-
	-
	11.5

	PDCCH skipping enhancement scheme 1
(non-scheduling and scheduling  DCI with persistent skipping indication)
	All UEs
	22.4%
	10.7

	
	Satisfied UEs
	22.4%
	

	PDCCH skipping enhancement scheme 2
(go-to-sleep)
	All UEs
	24.0%
	10.8

	
	Satisfied UEs
	24.4%
	

	PDCCH skipping enhancement scheme 3
(Continuous PDCCH skipping and dynamic go-to-sleep indication)                                                                            
	All UEs
	29.4%
	10.7

	
	Satisfied UEs
	29.9%
	



Table 3:  Evaluation results of PDCCH skipping schemes compared to C-DRX(16, 12, 4) with Rel-17 PDCCH skipping scheme and MU-MIMO scheduling
	Schemes
	Considered UE set
	Mean PSG compared to C-DRX(16,12,4)
	#satisfied UEs per cell

	Baseline: C-DRX(16, 12, 4) with Rel-17 PDCCH skipping scheme
	-
	-
	10.8

	PDCCH skipping enhancement scheme 1 with C-DRX(16, 12, 4)
(non-scheduling and scheduling  DCI with persistent  skipping indication)
	All UEs
	15.7%
	10.7

	
	Satisfied UEs
	15.7%
	

	PDCCH skipping enhancement scheme 2 with C-DRX(16, 12, 4)
(go-to-sleep)
	All UEs
	17.4%
	10.8

	
	Satisfied UEs
	17.8%
	

	PDCCH skipping enhancement scheme 3 with C-DRX(16, 12, 4)
(Continuous PDCCH skipping and dynamic go-to-sleep indication)                                                                            
	All UEs
	23.3%
	10.7

	
	Satisfied UEs
	23.8%
	



Observation 2: From the results in Table 3, it could be observed that:
· The non-scheduling DCI based PDCCH skipping scheme with C-DRX(16, 12, 4) can obtain 15.7% power saving gain with negligible capacity degradation compared with C-DRX(16, 12, 4) with Rel-17 PDCCH skipping scheme.
· The go-to-sleep indication scheme with C-DRX(16, 12, 4) can obtain 17.4%~17.8% power saving gain with no capacity loss compared with C-DRX(16,12,4) with Rel-17 PDCCH skipping scheme.
· The go-to-sleep indication and continuous PDCCH skipping scheme with C-DRX(16, 12, 4) can obtain up to 23.8% power saving gain without capacity loss compared with C-DRX(16, 12, 4) with Rel-17 PDCCH skipping scheme.
Proposal 6: The adaptation indication for PDCCH skipping should be separate between XR and other indicated to avoid different services latency requirements.

 Proposal 7: The Rel-17 PDCCH skipping should be enhanced with following solution:
· PDCCH skipping indicated by  non-scheduling DCI :
· It can obtain 15.7% power saving gain with negligible capacity degradation compared with C-DRX(16, 12, 4) with Rel-17 PDCCH skipping scheme. 
· This solution has a small impact in terms of specification changes and can be easily enhanced to reuse the existing information field of DCI format 1_1.
· The persistent PDCCH skipping scheme :
· It can also achieve the same power saving and capacity performance as the non-scheduling DCI based PDCCH skipping scheme. Moreover, it can avoid frequent skipping indication signal overhead.
· This solution can be easily enhanced to the PDCCH skipping scheme with small specification changes.
· The XR-specific go-to-sleep indication by DCI:
· It can obtain 17.4%~17.8% power saving gain with no capacity loss compared with C-DRX(16, 12, 4) with Rel-17 PDCCH skipping scheme. 
· This solution can be enhanced by XR-specific DCI with no impact to other traffic, which can be easily achieved by introducing a new RNTI, e.g., XR-RNTI, with small impact to specification.
· The separate PDCCH skipping indication:
· The separate PDCCH skipping indication scheme can dynamic adjust skipping duration to different services latency requirements.
· This solution can be simply achieved by mapping different skipping durations to different intervals in scheduling DCI.


	
	

	
	





3.3.1 Discussion 1
Based on companies’ performance evaluations, the following observations are made.
Observation
· For FR1, DL-only evaluation, InH, high load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from CATT that the 
· non-scheduling DCI based PDCCH skipping scheme can obtain 22.4% power saving gain with compared with those of always-on. The go-to-sleep indication scheme can obtain 24.0%~24.4% power saving gain with capacity compared with those of always-on. 
· go-to-sleep indication and continuous PDCCH skipping scheme can obtain up to 29.9% power saving gain compared with those of always-on. 
· non-scheduling DCI based PDCCH skipping scheme with C-DRX(16, 12, 4) can obtain 15.7% power saving gain with negligible capacity degradation compared with C-DRX(16, 12, 4) with Rel-17 PDCCH skipping scheme. 
· go-to-sleep indication scheme with C-DRX(16, 12, 4) can obtain 17.4%~17.8% power saving gain with no capacity loss compared with C-DRX(16,12,4) with Rel-17 PDCCH skipping scheme. 
· go-to-sleep indication and continuous PDCCH skipping scheme with C-DRX(16, 12, 4) can obtain up to 23.8% power saving gain without capacity loss compared with C-DRX(16, 12, 4) with Rel-17 PDCCH skipping scheme.

Question 1: Do you have any comments on proponent companies’ proposals and observations?

	Company
	Views

	
	

	
	

	
	



Question 2: Do you support the proponent companies’ proposals or not, and why? 
	Company
	Views

	MTK
	Not support. Using a dummy scheduling DCI to indicate PDCCH skipping in current spec can achieve similar purpose as this proposal.

	LGE
	Support. Non-scheduling DCI that indicates PDCCH monitoring adaptation can be helpful for XR power saving to prevent a UE to receive PDCCH and dummy scheduled PDSCH.

	
	

	
	




SSSG switching enhancements
Ericsson proposed to enhance SSSG switching to address jitter without increasing signaling overhead: (a) an implicit SSSG applies at the start of drx-OnDuration and another SSSG applies when a PDCCH for data traffic is received. (b) align the search space set monitoring pattern w.r.t. the DRX cycle. Evaluation results can be found in Table 13. Huawei also proposed that at the beginning of each On-duration, UE switches to a SSSG in which UE monitors PDCCH sparsely.

[bookmark: _Ref118717580]Table 13: Evaluation results for SSSG switching enhancements
	Company
	Evaluation results

	Ericsson
	Observation 11	Enhanced SSSG switching achieves up to 19.3% PSG, while also achieving a rather high percentage of satisfied UEs (77.8–100%).
Observation 12	Enhanced SSSG switching combined with PDCCH skipping achives up to 27.1% PSG, while also achieving a rather high percentage of satisfied UEs (78.1–100%).

Proposal 10	Enhance SSSG switching to address jitter without increasing signaling overhead:
(a) an implicit SSSG applies at the start of drx-OnDuration and another SSSG applies when a PDCCH for data traffic is received. 
(b) align the search space set monitoring pattern w.r.t. the DRX cycle.
Table 2: Results for FR1, high load, Dense Urban scenario, and VR single-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	H
	8
	8
	91.7%
	-
	-

	R1-2210922
	R17 SSSG switching (sparse SSSG: 2 ms on / 2 ms off) & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	
	53.9%
	15.5%
	16.0%

	R1-2210922
	R17 SSSG switching (sparse SSSG: 1 ms on / 1 ms off) & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms) 
	10
	4
	H
	8
	
	78.4%
	16.4%
	16.5%

	R1-2210922
	R17 SSSG switching (sparse SSSG: 1 ms on / 1 ms off) & PDCCH skipping & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	
	78.9%
	20.2%
	20.4%

	R1-2210922
	Enhanced SSSG switching (sparse SSSG: 2 ms on / 2 ms off) & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms) 
	10
	4
	H
	8
	
	77.8%
	15.2%
	15.5%

	R1-2210922
	Enhanced SSSG switching (sparse SSSG: 1 ms on / 1 ms off) & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms) 
	10
	4
	H
	8
	
	77.8%
	17.1%
	17.2%

	R1-2210922
	Enhanced SSSG switching (sparse SSSG: 2 ms on / 2 ms off) & PDCCH skipping & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms) 
	10
	4
	H
	8
	
	78.7%
	18.0%
	18.2%

	R1-2210922
	Enhanced SSSG switching (sparse SSSG: 1 ms on / 1 ms off) & PDCCH skipping & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms) 
	10
	4
	H
	8
	
	78.1%
	20.7%
	20.9%



Table 3: Results for FR1, low load, Dense Urban scenario, and VR single-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	L
	2
	8
	100%
	
	

	R1-2210922
	R17 SSSG switching (sparse SSSG: 2 ms on / 2 ms off)  & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	82.9%
	18.2%
	18.2%

	R1-2210922
	R17 SSSG switching (sparse SSSG: 1 ms on / 1 ms off) & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	19.2%
	19.2%

	R1-2210922
	R17 SSSG switching (sparse SSSG: 1 ms on / 1 ms off)  & PDCCH skipping & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	26.6%
	26.6%

	R1-2210922
	Enhanced SSSG switching (sparse SSSG: 2 ms on / 2 ms off) & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	17.3%
	17.3%

	R1-2210922
	Enhanced SSSG switching (sparse SSSG: 1 ms on / 1 ms off) & matched CDRX 
	16.6 (drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	19.3%
	19.3%

	R1-2210922
	Enhanced SSSG switching (sparse SSSG: 2 ms on / 2 ms off) & PDCCH skipping & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	23.5%
	23.5%

	R1-2210922
	Enhanced SSSG switching (sparse SSSG: 1 ms on / 1 ms off) & PDCCH skipping & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	L
	2
	-
	100%
	27.1%
	27.1%



Table 4: Results for FR1, high load, Dense Urban scenario, and VR multi-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB), DL audio (10 ms periodicity, 30 ms PDB), UL pose (4 ms periodicity, 10 ms PDB)
	Tdoc #
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Load H/L
	avg # UEs/Cell
	floor (Capacity)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	R1-2210922
	Always On
	-
	-
	-
	H
	8
	8
	90.1%
	-
	-

	R1-2210922
	R17 SSSG switching (sparse SSSG: 2 ms on / 2 ms off) & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms) 
	10
	4
	H
	8
	
	66.0%
	10.3%
	10.3%

	R1-2210922
	R17 SSSG switching (sparse SSSG: 1 ms on / 1 ms off) & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	
	79.8%
	10.7%
	10.7%

	R1-2210922
	R17 SSSG switching (sparse SSSG: 1 ms on / 1 ms off) & PDCCH skipping & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	
	79.9%
	11.3%
	11.2%

	R1-2210922
	Enhanced SSSG switching (sparse SSSG: 2 ms on / 2 ms off)  & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	
	80.0%
	9.7%
	9.7%

	R1-2210922
	Enhanced SSSG switching (sparse SSSG: 1 ms on / 1 ms off)  & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	
	79.5%
	11.5%
	11.5%

	R1-2210922
	Enhanced SSSG switching (sparse SSSG: 1 ms on / 1 ms off)  & PDCCH skipping & matched CDRX 
	16.6 
(drx_offset=3, traffic_time_offset=2 ms, drx-LongCycle=16 ms)
	10
	4
	H
	8
	
	78.7%
	12.2%
	12.1%





	
	

	
	




3.4.1 Discussion 1
Based on companies’ performance evaluations, the following observations are made.
Observation
· For FR1, DL + UL joint evaluation, DU, VR 30Mbps traffic at 60fps with 10ms PDB and DL audio, it is observed from Ericsson that 
· R17 SSSG switching performance reference provides 
· mean power saving gain of 10.50% in the range of 10.3% to 10.7% 
· mean capacity gain of -19.05% in the range of -26.7% to -11.4%
· enhanced SSSG switching provides
· mean power saving gain of 10.60% in the range of 9.7% to 11.5% for all UEs 
· mean capacity gain of -11.5% in the range of -11.8% to -11.2%
· R17 SSSG switching + PDCCH skipping performance reference provides 
· power saving gain of 11.3% 
· capacity gain of -11.3%
· enhanced SSSG switching + PDCCH skipping provides 
· mean power saving gain of 12.2% 
· capacity gain of -12.7%
· For FR1, DL only evaluation, DU, high load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from Ericsson that 
· enhanced SSSG switching provides 
· mean power saving gain of 16.15% in the range of 15.2% to 17.1% for all UEs 
· capacity gain of -15.2%
· R17 SSSG switching performance reference provides 
· mean power saving gain of 15.95% in the range of 15.5% to 16.4% 
· mean capacity gain of -27.85% in the range of -41.2% to -14.5%
· enhanced SSSG switching + PDCCH skipping provides 
· mean power saving gain of 19.35% in the range of 18.0% to 20.7% 
· mean capacity gain of -14.5% in the range of -14.8% to -14.2%
· R17 SSSG switching + PDCCH skipping performance reference provides 
· power saving gain of 20.2% 
· capacity gain of -14.0%
· For FR1, DL only evaluation, DU, low load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from Ericsson that 
· enhanced SSSG switching provides 
· mean power saving gain of 18.30% in the range of 17.3% to 19.3% for all UEs 
· capacity gain of 0%
· R17 SSSG switching performance reference provides 
· mean power saving gain of 18.7% in the range of 18.2% to 19.2% 
· capacity gain of 0%
· enhanced SSSG switching + PDCCH skipping provides 
· mean power saving gain of 25.30% in the range of 23.50% to 27.10% 
· capacity gain of 0%
· R17 SSSG switching + PDCCH skipping performance reference provides 
· power saving gain of 26.6% 
· capacity gain of 0%

Question 1: Do you have any comments on proponent companies’ proposals and observations?

	Company
	Views

	
	

	
	

	
	




Question 2: Do you support the proponent companies’ proposals or not, and why? 
	Company
	Views

	MTK
	Support. Using an implicit SSSG applies at the start of drx-OnDuration and another SSSG applies when a PDCCH for data traffic is received seems reasonable to match XR traffic period and handle jitter issue.

	LGE
	Support. Implicit SSSG switching can be helpful for UE’s power saving by addressing jitter issue.

	
	

	
	



Orders to discuss the proposals:
Please indicate your preferred order for the discussion of proposals in section 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7. 2.8, 2.9, 2.10, 3.1, 3.2, 3.3, 3.4. (i.e., which section first and which section second…, e.g., 2.3, 3.1, 2.4, 2.5 …)
	Company
	Views

	vivo
	We think a general principle to have the discussion among the proposed schemes is based on interested companies and contribution driven. In this regard, we suggest the following order for focusing discussion.
1. section 2.1, 3.1, 3.2
2. section 2.3, 2.7, 2.2, 2.5
3. other sections

	MTK
	We think proposals with more evident RAN1 spec impact can be discussed first. Ex. 3.1~3.4, 2.2, 2.4, 2.8, 2.9.

	ZTE, Sanechips
	I think the moderator has the judgement to identify which are high priority proposals, based on previous discussion and the evaluation results. 
For example, section 2.3, 2.2, 3.1, 3.2… 

	
	




Capturing Performance Results in TR
FL proposes to capture companies’ evaluations results that comply with evaluation methodology from companies in the TP.
FL Proposal: capture all power saving gain performance results submitted companies in the Rel-18 XR SI TR
· For enhanced CDRX with semi-static periodicity alignment with XR traffic, performance results from Ericsson in R1-2210922, vivo in R1-2211024, OPPO in R1-2211490, Intel in R1-2211389, ZTE in R1-2211905, Qualcomm in R1-2212134, MediaTek in R1-2212253, CATT in R1-2211174 and Huawei in R1-2210906
· For enhanced CDRX with dynamic periodicity alignment with XR traffic, performance results from Nokia R1-2211551, ZTE in R1-2207061 and Qualcomm in R1-2212134
· For larger jitter range, performance results from vivo in R1-2211024
· For non-uniform PDCCH monitoring occasions within CDRX On Duration, performance results from Huawei in R1-2210906
· For two-stage CDRX On Duration, performance results from Ericsson in R1-2210922, vivo in R1-2211024
· For jitter handling by LP-WUS, performance results from vivo in R1-2211024, Xiaomi in R1-2211341
· For early stopping of ODT based on expiration of IAT, performance results from Xiaomi in R1-2211341, Huawei in R1-2210906, MediaTek in R1-2212253
· For additional DRX active time, performance results from ZTE in R1-2211905, Nokia in R1-2209535, OPPO in R1-2211490, vivo in R1-2211024
· For multiple active CDRX configurations, performance results from Ericsson in R1-2210922, InterDigital in R1-2211842, vivo in R1-2211024
· For Dynamic grant enhancement with XR-specific Pre-scheduling, performance results from CATT in R1-2211174
· For PDCCH skipping and interaction with HARQ retransmission, performance results from vivo in R1-2211024, MediaTek in R1-2212253, ZTE in R1-2211905
· For enhancements to PDCCH skipping duration, performance results from Huawei in R1-2210906, vivo in R1-2211024, Xiaomi in R1-2211341, CATT in R1-2211174, Ericsson in R1-2208401
· For non-scheduling DCI based PDCCH skipping, performance result from CATT in R1-2211174
· For continuous PDCCH skipping, performance result from CATT in R1-2211174
· For SSSG switching enhancements, performance result from Ericsson in R1-2210922
· For DCP indicated SSSG switching, performance results from Nokia in R1-2209535
· For retransmission-less CG for UL pose transmission, performance results from Qualcomm in R1-2212134
· For XR-application awareness of UE playout buffer, performance results from CATT in R1-2211174
· For partial UL transmission, performance results from Qualcomm in R1-2212134


Proposals for online (Tuesday)
What was done
· FL collected evaluation results for each proposal and calculated mean and range of power saving gain and capacity gain w.r.t. AlwaysOn, for both the proposed solution and performance reference in observations.
· Companies (both proponents and opponents) provided rationales for supporting and not supporting a proposal
· Companies expressed their preference for the order of proposals for online discussions
Proposal A.B[-C] below corresponds to the proposal and discussions in Section A.B in Section 2 and 3. “Support” and “Not support” of a proposal is counted based on companies’ Tdocs and offline input to FL summary.

Proposal 3.1: support PDCCH monitoring resume if UE transmits NACK after PDCCH skipping starts
· Support: Ericsson, vivo, MTK, Huawei, OPPO, ETRI, NEC, LGE, Samsung, III 
· Capacity loss and unnecessary PDCCH monitoring are reduced by enabling long skipping duration with stringent latency requirement of XR
· Less delay than MAC based termination of PDCCH monitoring within DRX active time
· Not support: ZTE, CATT, Nokia, Intel
· In some cases, marginal power saving gain is observed for the PDCCH skipping enhancement
· Performance comparison:
· The proposed solution has 
· mean power saving gain of 22.06% 
· mean capacity gain of -11.59% 
· Rel17 PDCCH skipping as performance reference has 
· mean power saving gain of 11.28% 
· mean capacity gain of -18.65% 
For Proposal 3.1, the following conclusion was made in Tuesday’s online session
	Conclusion
No consensus on the following: 
Support PDCCH monitoring resume if UE transmits NACK after PDCCH skipping starts
Nokia, CATT, ZTE, Intel expressed concerns on the benefit of the above proposal




Proposal 3.2: support PDCCH skipping duration enhancements by i) additional PDCCH skipping durations (>3), ii) skipping till the start of next potential data arrival
· Support: Huawei, vivo, Xiaomi, CATT, MTK, LGE, Google
· Seamless PDCCH skipping between data arrivals with minor spec impact
· Not support: Ericsson, Nokia, [ZTE, Alt2]
· No power saving gain when CDRX is configured
· CDRCX should be configured if PDCCH skipping is enabled
· Performance comparison: 
· The proposed solution has 
· mean power saving gain of 20.58%
· mean capacity gain of -2.70%
· Rel17 PDCCH skipping as performance reference has 
· mean power saving gain of 15.07%
· mean capacity gain of -3.02%
For Proposal 3.2, the following conclusion was made in Tuesday’s online session
	Conclusion
No consensus on the following: 
Support PDCCH skipping duration enhancements by i) additional PDCCH skipping durations (>3), ii) skipping till the start of next potential data arrival
· Applies at least for the case where CDRX is not configured
Ericsson, Nokia, ZTE expressed concerns on the benefit of the above proposal




Proposal 2.3: support additional active time by 1) UE extending DRX active time if UE does not receive XR data within current active time, 2) gNB using dynamic signaling such as a DCI to trigger additional On Duration if the data packet arrives after the On Duration expires
· Support: ZTE, Nokia, OPPO, CMCC, ETRI, LGE, Google (Alt2)
· It helps a UE to keep DRX active time as short as possible
· If PDCCH skipping is not supported by UEs, the CDRX based solutions become more practical.
· DCI triggered extension is more flexible than dummy grant to provide extension time longer than IAT
· Likely to be agreed in RAN2
· Not support: vivo, MTK, Ericsson, Samsung, Intel, CATT, Huawei
· UE may fail to extend the active time if non-XR traffic data is scheduled before XR video data arrival
· DCI triggered active time extension can be achieved by R15/16 CDRX with dummy grant
· No performance gain compared with existing R17 PDCCH monitoring adaptation
· Performance comparison:
· The proposed solution has 
· mean power saving gain of 22.89% in the range of 14.18% to 33.50%
· mean capacity gain of -11% in the range of -42.44% to 0%
· eCDRX as performance reference has 
· mean power saving gain of 14.82% in the range of 4.50% to 23.36%s
· mean capacity gain of -1% in the range of -1.6% to 0%
For Proposal 2.3, the following conclusion was made in Tuesday’s online session
	Conclusion
No consensus on the following: 
Support additional active time by 1) UE extending DRX active time if UE does not receive XR data within current active time, 2) gNB using dynamic signaling such as a DCI to trigger additional On Duration if the data packet arrives after the On Duration expires




Proposal 2.2: support dynamic periodicity alignment between CDRX and XR traffic
· Support: ZTE, Nokia, Qualcomm, China Telecom, Sony, Lenovo, Panasonic, Rakuten Symphony, Xiaomi, CMCC, ETRI, LGE, InterDigital, OPPO, and DOCOMO
· Potentially more robust CDRX configuration adaptive to parameter change of XR services
· Not support: vivo, MTK, Intel, Google, Ericsson, CATT, Samsung, Huawei
· Semi-static method for periodicity alignment is sufficient. DCI-based CDRX adjustment has no additional benefit and will introduce more control signalling overhead and spec impact.
· The use case where centre point of XR traffic arrival to RAN could be drifted and whether the core network can provide the range and frequency of the drift to RAN RAN are not justified yet.
· Performance comparison: (Intel: separately capture QC result for PDCCH skipping)
· The proposed solution has 
· mean power saving gain of 30% in the range of 15.00% to 74.60%
· mean capacity gain of -36.83% in the range of -73.7% to -2.2%
· eCDRX as performance reference has 
· mean power saving gain of 21.22% in the range of 0% to 45.50%
· mean capacity gain of -60.63% in the range of -100% to -2.2%
For Proposal 2.2, the following conclusion was made in Tuesday’s online session
	Conclusion
No consensus on the following: 
Support dynamic periodicity alignment between CDRX and XR traffic





Proposal 2.4: support non-uniform PMOs within CDRX On Duration 
· Support: Huawei, MTK
· Higher power saving gain (6.7%) can be achieved than sparse PDCCH monitoring
· Performance comparison:
· non-uniform PMOs within On Duration provides 
· mean power saving gain of 18.49% in the range of 16.23% and 20.75% for all UEs 
· mean capacity gain of -6.15% in the range of -8.3% to -4.0% 
· sparse PDCCH monitoring as the performance reference provides 
· mean power saving gain of 11.73% in the range of 7.64% to 15.81% for all UEs 
· mean capacity gain of -5.10% in the range of -8.1% to -2.1%


Proposal 2.5: support two-stage CDRX On Duration
· Support: Ericsson, LGE, Sony, Google
· Can control not only PDCCH monitoring but also CSI reporting
· Not support: vivo, MTK
· Two-stage DRX can be realized by sparse PDCCH monitoring followed by SSSG switching
· Similar performance gain to Rel-17 PDCCH monitoring adaptation
· This has only RAN2 design, should be left to RAN2
· Performance comparison:
· Two-stage On Duration provides 
· mean power saving gain of 17.58% in the range of 4.80% to 27.00% for all UEs 
· mean capacity gain of -5.97% in the range of -14.30% to 0% 
· sparse PDCCH monitoring as the performance reference provides 
· mean power saving gain of 18.88% in the range of 10.30% to 26.60% for all UEs 
· mean capacity gain of -9.54% in the range of -41.20% to 0%


Proposal 2.7: multiple active CDRX configurations
· Support: Ericsson, TCL, Intel, ZTE, Sony, Lenovo, Xiaomi, ETRI, NEC, LGE, Apple, Rakuten Symphony, InterDigital and DOCOMO
· Can serve XR multiple traffic flows well, especially for 30fps DL video + DL audio
· Not support: vivo
· CDRX + SPS can achieve similar power saving and capacity performance 
· Performance comparison 1: use single CDRX as reference
· The proposed solution has 
· mean power saving gain of 13.42% in the range of 10.1% to 18.09%
· mean capacity gain of -9.74% in the range of -21.3% to -4.7%
· eCDRX as performance reference has 
· mean power saving gain of 11.14% in the range of 6.22% to 18.4%
· mean capacity gain of -52% in the range of -100% to 0%
· Performance comparison 2: use single CDRX + SPS as reference
· The proposed solution has 
· mean power saving gain of 13.51% in the range of 6.95% to 19.84%
· mean capacity gain of -0.43% in the range of -1.2% to 0%
· eCDRX + SPS as performance reference has 
· mean power saving gain of 14.42% in the range of 8.14% to 20.70%
· mean capacity gain of -0.25% in the range of -0.5% to 0%

Proposal 2.6: support early stopping of On-Duration timer by i) inactivity timer expiration ii) after a time window after the reception of XR data 
· Support: Huawei, Xiaomi and MediaTek, Rakuten Symphony, DOCOMO, III and Qualcomm
· simple solution that can effectively handle the jitter
· Not support: ZTE, Nokia, vivo
· MAC-CE “go-to-sleep” and PDCCH skipping can achieve similar effect
· Performance comparison:
· The proposed solution has 
· mean power saving gain of 23.33% in the range of 10.22% to 43.18%
· mean capacity gain of -3.33% in the range of -5.6% to -2.1%
· eCDRX as performance reference has 
· mean power saving gain of 9.64% in the range of 7.64% to 11.39%
· mean capacity gain of -0.30% in the range of -2.1% to 1.5%

Proposal 3.4: support an implicit SSSG at the start of drx-OnDuration and another SSSG applies when a PDCCH for data traffic is received, with search space set monitoring pattern aligned with DRX cycle
· Support: Ericsson, Huawei, MTK, LGE
· Implicit SSSG with sparse PMOs is helpful for UE power saving
· Performance comparison 1: without PDCCH skipping
· The proposed solution has 
· mean power saving gain of 15.02% 
· mean capacity gain of -8.90% 
· Rel17 SSSG switching as performance reference has 
· mean power saving gain of 15.05% 
· mean capacity gain of -15.63% 
· Performance comparison 2: with PDCCH skipping
· The proposed solution has 
· mean power saving gain of 18.95%
· mean capacity gain of -9.07%
· Rel17 SSSG switching as performance reference has 
· mean power saving gain of 19.37%
· mean capacity gain of -8.43%

Proposal 2.8: support dynamic grant enhancement with XR-specific pre-scheduling
· Support: CATT, MTK
· Can align PDCCH monitoring window with XR traffic period
· Performance comparison:
· For FR1, DL only evaluation, InH, high load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from CATT that 
· semi-static C-DRX enhancement scheme with (17/17/16, 8, 4) obtains 25.5% power saving gain with none satisfied UE, the dynamic grant enhancement with XR-specific pre-scheduling scheme could obtain the less than 10% capacity performance gap than that of the UE always-on for DG scheduling and obtain 11.7%~29.4% PSG compared to that of the UE always-on for DG scheduling. 
· Under the similar capacity performance,  while the semi-static C-DRX enhancement scheme with (17/17/16, 8, 4) provides capacity loss of 100%, the Dynamic grant enhancement with XR-specific  pre-scheduling could obtain less than 10% capacity performance degradation than that of the UE always-on for DG scheduling and obtain 15.7%~23.3% PSG compared to that of DG scheduling with C-DRX(16, 12, 4) and Rel-17 PDCCH skipping scheme.
· For FR1, DL only evaluation, InH, high load, multi-carrier, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from CATT that 
· power saving gain of enhanced C-DRX (16/17/17, 8, 4) are 19.0% and 27.4% for carrier with XR transmission and carrier with IM transmission, respectively.  
· Dynamic grant enhancement with XR-specific pre-scheduling scheme for XR traffic carrier and IM traffic carrier can obtain 23.3% and 87.2% power saving gain, respectively.

Proposal 2.9: support SPS+DG with UE power saving scheme
· Support: CATT
· Not support: MTK
· SPS is not suitable for XR DL traffic, considering the large frame size variation.
· Performance comparison:
· For FR1, DL only evaluation, InH, high load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from CATT that 
· SPS +DG with power saving schemes can obtain the capacity performance of 10.8 UEs per cell and 9.9%~38.1% power saving gain compared to that of DG scheduling with C-DRX(16, 12, 4)
· multiple SPS configurations provide 0% of satisfied UE.


Proposal 3.3-1: support non-scheduling DCI based PDCCH skipping indication 
· Support: CATT, LGE
· Can avoid UE to reive PDCCH and dummy scheduled PDSCH
· Not support: MTK
· Using a dummy scheduling DCI to indicate PDCCH skipping in current spec can achieve similar purpose
Proposal 3.3-2: support continuous PDCCH skipping, i.e., UE continuously skips the PDCCH MOs until the DCI is successfully decoded at the time of packet arrival
· Support: CATT
Performance comparison:
· For FR1, DL-only evaluation, InH, high load, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from CATT that the 
· non-scheduling DCI based PDCCH skipping scheme can obtain 22.4% power saving gain with compared with those of always-on. The go-to-sleep indication scheme can obtain 24.0%~24.4% power saving gain with capacity compared with those of always-on. 
· go-to-sleep indication and continuous PDCCH skipping scheme can obtain up to 29.9% power saving gain compared with those of always-on. 
· non-scheduling DCI based PDCCH skipping scheme with C-DRX(16, 12, 4) can obtain 15.7% power saving gain with negligible capacity degradation compared with C-DRX(16, 12, 4) with Rel-17 PDCCH skipping scheme. 
· go-to-sleep indication scheme with C-DRX(16, 12, 4) can obtain 17.4%~17.8% power saving gain with no capacity loss compared with C-DRX(16,12,4) with Rel-17 PDCCH skipping scheme. 
· go-to-sleep indication and continuous PDCCH skipping scheme with C-DRX(16, 12, 4) can obtain up to 23.8% power saving gain without capacity loss compared with C-DRX(16, 12, 4) with Rel-17 PDCCH skipping scheme.

Proposal 2.10: Support XR-specific plyaoutDelayForMediaStartup for XR UE power saving enhancement 
· Support: CATT, MTK
· This technique results in a more accurate UE buffer status report with additional timing (delay) information
· Performance comparison
· For FR1, DL only, InH, VR 30Mbps traffic at 60fps with 10ms PDB, it is observed from CATT that with the awareness of UE XR-specific playoutDelayForMediaStartup, UE power saving gain of 26.43% to 28.51% can be achieved with 67% capacity gain. 
Proposals for online (Thursday)

Conclusion: There is no consensus on the following proposals in Table 1 for CDRX enhancements and Table 2 for PDCCH monitoring enhancements. 
· Note: companies who support or object each proposal in RAN1 discussions during the SI are recorded in Table 1 and Table 2
Table 1: CDRX enhancements
	Proposal for CDRX enhancements
	Support 
	Not support

	Proposal 2.2: support dynamic periodicity alignment between CDRX and XR traffic
	Qualcomm, InterDigital, Dell, Nokia, Panasonic
	CATT, Google, Huawei/HiSilicon, vivo, Samsung, Intel, MTK, Ericsson

	Proposal 2.3-1: support additional active time by UE extending DRX active time if UE does not receive XR data within current active time
	LGE, InterDigital, Dell, ZTE/Sanechips, TCL, Nokia
	CATT, Qualcomm, Lenovo, Google, Huawei/HiSilicon,vivo, Spreadtrum, Samsung, Xiaomi , intel, Panasonic, MTK, Ericsson

	Proposal 2.3-2: support additional active time by gNB using dynamic signaling such as a DCI to trigger additional On Duration if the data packet arrives after the On Duration expires
	LGE, InterDigital, Google, Dell, ZTE/Sanechips，OPPO, TCL, CMCC, Spreadtrum
	CATT, Qualcomm, Lenovo, Huawei/HiSilicon,vivo, Samsung, Xiaomi, Intel, Panasonic, MTK, Ericsson

	Proposal 2.4: support non-uniform PMOs within CDRX On Duration 
	Huawei/HiSilicon, TCL, MTK
	CATT, Qualcomm, InterDigital, Google, Dell, vivo, Spreadtrum, Samsung, Xiaomi, Nokia, Intel, Panasonic, Ericsson

	Proposal 2.5: support two-stage CDRX On Duration
	LGE, InterDigital, Google, Dell, Ericsson
	CATT, Qualcomm, Huawei/HiSilicon, ZTE/Sanechips, TCL, vivo, Spreadtrum, Samsung, Xiaomi, Nokia, Intel, Panasonic, MTK

	Proposal 2.6-1: support early stopping of On-Duration timer by inactivity timer expiration
	Huawei/HiSilicon, Xiaomi, MTK
	CATT, InterDigital, Lenovo, Google, Dell, vivo, TCL, Spreadtrum, Samsung, Nokia, Intel, Panasonic, Ericsson

	Proposal 2.6-2: support early stopping of On-Duration timer after a time window after the reception of XR data 
	Qualcomm, Xiaomi, MTK
	CATT, InterDigital, Lenovo, Google, Dell, Huawei/HiSilicon, vivo,  TCL, Spreadtrum, Samsung, Nokia, Intel, Panasonic, Ericsson

	Proposal 2.7: support multiple active CDRX configurations
	LGE, InterDigital, Lenovo, Google, Dell, ZTE/Sanechips，OPPO, TCL, Spreadtrum, NEC, Apple, Xiaomi, Intel, Ericsson
	CATT, Qualcomm, Huawei/HiSilicon, Samsung, Nokia

	Proposal 2.8: support dynamic grant enhancement with XR-specific pre-scheduling
	CATT
	Huawei/HiSilicon, Samsung, Nokia, Intel, Ericsson

	Proposal 2.9: support SPS+DG with UE power saving scheme
	CATT, Dell, Panasonic
	Huawei/HiSilicon, Samsung, Intel, MTK, Ericsson

	Proposal 2.10: Support XR-specific plyaoutDelayForMediaStartup for XR UE power saving enhancement 
	CATT
	Huawei/HiSilicon, Samsung, Nokia, Intel, Ericsson


 
Table 2: PDCCH monitoring adaptation enhancements
	Proposals for PDCCH monitoring adaptation enhancements
	Support
	Not support

	Proposal 3.1: support PDCCH monitoring resume if UE transmits NACK after PDCCH skipping starts
	LGE, Qualcomm, Google, Dell, Huawei/HiSilicon, Apple, Samsung, vivo, Panasonic, MTK, Ericsson
	CATT, InterDigital, ZTE/Sanechips, TCL, Nokia , Intel

	Proposal 3.2-1: support PDCCH skipping duration enhancements by additional PDCCH skipping durations (>3)
	CATT, Qualcomm, InterDigital, Lenovol, Google, Dell, ZTE/Sanechips, TCL, Spreadtrum, Samsung, Xiaomi, vivo, Intel
	Huawei/HiSilicon, Nokia, MTK, Ericsson

	Proposal 3.2-2: support PDCCH skipping duration enhancements by PDCCH skipping till the start of next potential data arrival
	 Dell, Huawei/HiSilicon, TCL, NEC, vivo, Panasonic, MTK
	CATT, InterDigital, ZTE/Sanechips, Samsung, Nokia, Intel, Ericsson

	Proposal 3.3-1: support non-scheduling DCI based PDCCH skipping indication 
	CATT, LGE, Qualcomm, Dell, Huawei/HiSilicon, CMCC, Spreadtrum, NEC, Intel, Panasonic
	InterDigital, Google, Samsung, vivo, MTK, Ericsson

	Proposal 3.3-2: support continuous PDCCH skipping, i.e., UE continuously skips the PDCCH MOs until the DCI is successfully decoded at the time of packet arrival
	CATT, Dell,NEC
	Qualcomm, InterDigital, Huawei/HiSilicon, Samsung, Xiaomi, vivo, Nokia, Intel, Ericsson

	Proposal 3.4: support an implicit SSSG at the start of drx-OnDuration and another SSSG applies when a PDCCH for data traffic is received, with search space set monitoring pattern aligned with DRX cycle
	LGE, Huawei/HiSilicon, NEC, MTK, Ericsson
	CATT, Qualcomm, InterDigital, Lenovo, Google, Dell, Spreadtrum, Samsung, vivo, intel




Proposals for online (Friday)
Conclusion: Rel-18 XR SI is completed in RAN1 for power saving and capacity enhancements.

Conclusions
Conclusion
From RAN1 perspective, the Rel-18 XR study item in RAN1 is completed.

Conclusion
There is no consensus on the following proposals in Table 1 for CDRX enhancements and Table 2 for PDCCH monitoring enhancements. 
Table 1: CDRX enhancements
	Proposal for CDRX enhancements

	Proposal 2.2: support dynamic periodicity alignment between CDRX and XR traffic

	Proposal 2.3-1: support additional active time by UE extending DRX active time if UE does not receive XR data within current active time

	Proposal 2.3-2: support additional active time by gNB using dynamic signaling such as a DCI to trigger additional On Duration if the data packet arrives after the On Duration expires

	Proposal 2.4: support non-uniform PMOs within CDRX On Duration 

	Proposal 2.5: support two-stage CDRX On Duration

	Proposal 2.6-1: support early stopping of On-Duration timer by inactivity timer expiration

	Proposal 2.6-2: support early stopping of On-Duration timer after a time window after the reception of XR data 

	Proposal 2.7: support multiple active CDRX configurations

	Proposal 2.8: support dynamic grant enhancement with XR-specific pre-scheduling

	Proposal 2.9: support SPS+DG with UE power saving scheme

	Proposal 2.10: Support XR-specific plyaoutDelayForMediaStartup for XR UE power saving enhancement 


 
Table 2: PDCCH monitoring adaptation enhancements
	Proposals for PDCCH monitoring adaptation enhancements

	Proposal 3.1: support PDCCH monitoring resume if UE transmits NACK after PDCCH skipping starts

	Proposal 3.2-1: support PDCCH skipping duration enhancements by additional PDCCH skipping durations (>3)

	Proposal 3.2-2: support PDCCH skipping duration enhancements by PDCCH skipping till the start of next potential data arrival

	Proposal 3.3-1: support non-scheduling DCI based PDCCH skipping indication 

	Proposal 3.3-2: support continuous PDCCH skipping, i.e., UE continuously skips the PDCCH MOs until the DCI is successfully decoded at the time of packet arrival

	Proposal 3.4: support an implicit SSSG at the start of drx-OnDuration and another SSSG applies when a PDCCH for data traffic is received, with search space set monitoring pattern aligned with DRX cycle
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Appendix
Objective of SI
Objective of the Rel-18 XR enhancements SI is as follows
	The study is to be based on Release 17 TR 38.838, on corresponding Release 17 work from SA4 (as per SP-210043) and on Release 18 work from SA2 (as per SP-211166). 
Objectives on XR-awareness in RAN (RAN2):
· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.
· Study how the above information aids XR-specific traffic handling.

Objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:
· C-DRX enhancement.
· PDCCH monitoring enhancement.

Objectives on XR-specific capacity improvements (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;
· Dynamic scheduling/grant enhancements.



RAN1 #109-e Agreements
	Agreement
For power saving study of Rel-18 XR SI, CDRX enhancements to evaluate in this study item are to be selected from the following:
· High priority Issue 1-1: Alignment between CDRX and XR traffic for resolving the mismatch between CDRX cycle and XR traffic periodicity for each flow
· High priority Issue 1-2: C-DRX enhancements to handle jitter
· Medium priority Issue 1-3: CDRX enhancements for multiple XR traffic flows [Note 2]
· Low priority Issue 1-4: CDRX enhancements to adjust to variable burst sizes and frame rate
· Note: Some companies think the adjustment for variable burst sizes can be realized by existing spec already
· Low priority Issue 1-5: low latency handling 
· Low priority Issue 1-6: SFN wraparound mismatch (if handled in RAN1)
FFS: how the solutions or the combination of the solutions can handle all the identified issues.
Note 1: Other considerations are not precluded
Note 2: It can also be adopted for addressing issue 1-1
Note 3: Companies are encouraged to clarify or provide more details of the proposed solutions, for addressing concerns from the group.
Additional details can be found in R1-2205411.

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

Agreement
For Rel-18 XR power saving enhancements, RAN1 further discusses by RAN1 #110 whether the issues below are to be addressed, and if so, which solutions should be selected for evaluation in this study item. These issues are low priority.
· Issue 3-1: Misaligned UE transmission and reception. 
· Issue 3-2: Power saving by XR-aware scheduling.
· Note 1b: XR SI objective has XR-awareness in RAN listed as a specific topic of RAN2 study
· Issue 3-3: Unnecessary data transmission in allocated resources. 
Note 1: Rel-18 XR SI objective only has CDRX enhancements and PDCCH monitoring enhancements explicitly listed as focus of RAN1 study
Note 2: Other considerations are not precluded
Agreement
Rel-17 evaluation methodology for XR power saving captured in TR 38.838 is used as the baseline evaluation methodology for UE power evaluation of Rel-18 SI on XR enhancements
Agreement
Companies are encouraged to compare performance of the following Rel-15/16/17 features with the proposed enhancements for Rel-18 XR power saving evaluations. Power saving gain is calculated w.r.t. the AlwaysOn baseline. 
· Rel-15/16 CDRX including long DRX cycle, short DRX cycle and DRX command MAC CE and DCP
· Rel-17 PDCCH adaptation including PDCCH skipping and SSSG switching
Note: up to companies to report the configuration of the Rel-15/16/17 features
Conclusion
· If no evaluation result is provided by any company for an issue, the issue is deprioritized. The issue and proposed enhancements for the issue will not be captured by RAN1 in TR 38.835.
· If no evaluation result is provided by the proponent company for a proposed enhancement, the proposed enhancement is deprioritized. The proposed enhancement will not be captured by RAN1 in TR 38.835.
· If multiple enhancement techniques are proposed for the same issue, there can be down selection among them for the consideration of candidate enhancement for study item recommendation by RAN1 at least based on performance (power saving and capacity), spec impact, signaling overhead and implementation complexity.
· Companies are encouraged to provide detailed information for both the proposed enhancement and the existing power saving features used as the performance reference so that the evaluation results for both can be reproduced by other companies.
· When using existing power saving features as the performance reference, companies are encouraged to configure the existing power saving features to achieve the best performance.
· For evaluation of a proposed enhancement and evaluation of the existing power saving features as performance reference, companies are encouraged to provide the high load case (as defined in TR 38.838, Section A.2) results. Results for low load case can also be reported optionally.



RAN1 #110 Agreements
	R1-2207831	Moderator Summary #1 on XR specific power saving technique	Moderator (Qualcomm Incorporated)

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.

R1-2207832	Moderator Summary #2 on XR specific power saving techniques	Moderator (Qualcomm Incorporated)

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.

R1-2207833	Final Moderator Summary on XR specific power saving techniques	Moderator (Qualcomm Incorporated)

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.



RAN1 #110bis-e Agreements
	R1-2210337	Moderator Summary#1 on XR specific power saving techniques	Moderator (Qualcomm Incorporated)

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





28/103
image3.emf
DL video @60fps 

DRX config

2ms on duration

 

{17 17 16}ms cycle pattern

16.67ms

16.67ms

16.67ms 16.67ms

17ms

16ms 17ms

17ms


Microsoft_Visio_Drawing.vsdx
DL video @60fps
DRX config
2ms on duration 
{17 17 16}ms cycle pattern
16.67ms
16.67ms
16.67ms
16.67ms
17ms
16ms
17ms
17ms



image4.emf
0 20 40 60 80 100 120 140 160 180

CDF of Relative Power Consumption

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

F

(

x

)

Power Consumption for InH ,7 UE per Cell

eCDRX (16,4,4) + PDCCH Skipping

eCDRX (16,4,4) + PDCCH Skipping + Adaptive ON Start

eCDRX (16,8,8) + PDCCH Skipping

eCDRX (16,8,8) + PDCCH Skipping + Adaptive ON Start

eCDRX (16,8,16) + PDCCH Skipping

eCDRX (16,8,16) + PDCCH Skipping + Adaptive ON Start


image5.emf
0 20 40 60 80 100 120

CDF of Relative Power Consumption

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

F

(

x

)

Power Consumption for InH ,7 UE per Cell

eCDRX (16,4,4) + PDCCH Skipping/Early IAT

eCDRX (16,4,4) + PDCCH Skipping/Early IAT + Adaptive ON Start

eCDRX (16,8,8) + PDCCH Skipping/Early IAT

eCDRX (16,8,8) + PDCCH Skipping/Early IAT + Adaptive ON Start

eCDRX (16,8,16) + PDCCH Skipping/Early IAT

eCDRX (16,8,16) + PDCCH Skipping/Early IAT + Adaptive ON Start


image6.emf
Scheduling PDCCH with 

skipping indication

MAC PDU in PDSCH

drx-onDurationTimer

drx-InactivityTimer

drx-HARQ-RTT-TimerDL 

NACK

drx-RetransmissionTimerDL 

time

End of Active Time

Start of Active 

Time

PDCCH skipping


image7.emf
Scheduling PDCCH with 

skipping indication

MAC PDU in PDSCH

drx-onDurationTimer

drx-InactivityTimer

drx-HARQ-RTT-TimerDL 

NACK

drx-RetransmissionTimerDL 

time

End of 

Active 

Time

Start of Active 

Time

End of 

Active 

Time

Start of 

Active 

Time

PDCCH skipping

retransmission


image8.emf
Scheduling PDCCH with 

skipping indication

MAC PDU in PDSCH

drx-onDurationTimer

drx-InactivityTimer

drx-HARQ-RTT-TimerDL 

NACK

drx-RetransmissionTimerDL 

time

End of Active Time

Start of Active 

Time

PDCCH skipping

retransmission


image9.emf
DRX 

on

DRX cycle

XR video 

traffic arrival

Non-XR video 

traffic arrival

Inactivity 

timer

XR video lost due to no 

extended DRX on


Microsoft_Visio_Drawing1.vsdx
DRX on
DRX cycle
XR video traffic arrival
Non-XR video traffic arrival
Inactivity timer
XR video lost due to no extended DRX on



image10.emf
DRX config

16ms cycle and 4 ms on duration

 

16ms 16ms

4ms

Early arrival

Delay 1

4ms

Late arrival

Delay 2


Microsoft_Visio_Drawing2.vsdx
DRX config
16ms cycle and 4 ms on duration
16ms
16ms
4ms
Early arrival
Delay 1
4ms
Late arrival
Delay 2



image11.emf
Drx-onDuration

DRX cycle

Data arrival

DCI for additional on 

duration time

Drx-onDuration

Additional on 

duration time


Microsoft_Visio_Drawing3.vsdx
Drx-onDuration
DRX cycle
Data arrival
DCI for additional on duration time
Drx-onDuration
Additional on duration time



image12.emf
On 

Duration

On 

Duration

Ext. Act. 

time

Packet 

arrival

Packet 

arrival

Packet arrives within short 

onDuration. UE can start 

sleep afterwards

Packet does not arrive in On 

Duration. UE automatically 

extends the Active Time

No packets 

scheduled


image13.png
Capacity (99%,15ms) - ON vs DRX

—<—DRX(16,8)
0.6 [ |—<=—DRX(16,6)
—7—DRX(16,4)
——DRX(16,2)
= = =0.9 bound

0.4

Ratio of stisfied UEs

0.2

1 2 3 4 5 6 7
UEs/cell




image14.png
Ratio of stisfied UEs

Capacity (99%,15ms) - ON vs Ext. Active Time

1

0.8

0.6

0.4

0.2

—<—DRX(16,8) + EAT
——DRX(16,6) + EAT
—7—DRX(16,4) + EAT
——DRX(16,2) + EAT
= = =0.9 bound

1 2 3 4 5 6 7
UEs/cell




image15.png
0.35,

0.3

0.2

0.15

Power Saving Gain

0.1

0.05

Power Saving - ON vs Ext. Active Time

—<—DRX(16,8) + EAT
——DRX(16,6) + EAT
—7—DRX(16,4) + EAT
—7—DRX(16,2) + EAT

2 3 4 5 6
UEs/cell




image16.png
On Duration

On Duration

10

15

DRX Cycle

20

Time (ms)




image17.png
outer

onDuration time

inner \

onDurationi&]

time

I
I
I
I
I
I
I
I
A

data arrives

data arrives
1

Outer DRX cycle

i traffic period
Inner DRX cycle

time




image18.png
T0 T
1

1
I XR frame
transmission

_————— -]

Proposed
scheme

_ Reduced PDCCH monitoring
—_—

running time of
InactivityTimer




image19.png
Data arrival: Stop OnDurationTimer early Potential saving during this period

8ms jitter




image20.emf
...

DRX cycle 

PDCCH monitoring cycle

DRX OFF

DRX ON

XR-dedicated PDCCH 

monitoring window


Microsoft_Visio_2003-2010_Drawing.vsd
...


DRX cycle 


PDCCH monitoring cycle


DRX OFF


DRX ON


XR-dedicated PDCCH monitoring window



image21.emf
Skipping PDCCH 

monitoring

...

...

XR traffic 

DRX cycle(e.g., 64ms)

SPS 

occasion

PDCCH 

for DG

XR data 

transmission

PDCCH skipping 

command

Go-to-sleep


image22.emf
PDCCH skipping duration

Skipping indication with 

the last initial-tx PDSCH 

scheduling (low MCS level)

NACK

re-tx

...

RTT

K1

Option 1: R17 PDCCH skipping 

indication--- for power saving purpose

Skipping indication 

with dummy PDSCH 

scheduling

Re

-

tx

ACk

re-tx

Option 2: R17 PDCCH skipping 

indication--- for capacity purpose

The last initial-tx PDSCH

NACK

...

NACK

re-tx

PDCCH skipping duration


image23.emf
PDCCH skipping duration

Skipping indication 

with the last initial-tx 

PDSCH scheduling

Re

-

tx

ACk

NACK

re-tx

...

RTT

Another 

skipping 

indication


image24.png
40%

30%

20%

10%

0%

Power saving gain vs. AlwaysOn with 10UEs/cell (high load)

35.21%
32.77% 32.49% 32.18%
19.48% 19.28%
Optionl: R17 Option2: R17  Enhanced PDCCH Optionl: R17 Option2: R17 Enhanced PDCCH
PDCCH skipping PDCCH skipping skipping with PDCCH skipping PDCCH skipping skipping with
(dummy PDSCH) HARQ interaction (dummy PDSCH) HARQ interaction

Initial BLER = 1% Initial BLER = 10%




image25.png
System capacity with initial BLER = 1% (10UEs/cell)

Loove  974%%  ogo10p  9745%  9745% g3 02.78%  92.78%

80%

60%

40%

20%
2.08%

0%

Always On  Optionl: R17 Option2: R17  Enhanced Always On  Optionl: R17 Option2: R17  Enhanced

PDCCH PDCCH PDCCH PDCCH PDCCH PDCCH

skipping skipping  skipping with skipping skipping  skipping with
(dummy HARQ (dummy HARQ
PDSCH) interaction PDSCH) interaction

X=95 X=99




image26.png
System capacity with initial BLER = 10% (10UEs/cell)

0, 0, 0,
100% 97.45% 97.45% 97.45% 92.50% 92.22% 92.22%

80%

60%

40%

20%
2.22% 1.11%

0%

Always On  Optionl: R17 Option2: R17  Enhanced Always On  Optionl: R17 Option2: R17  Enhanced

PDCCH PDCCH PDCCH PDCCH PDCCH PDCCH

skipping skipping  skipping with skipping skipping  skipping with
(dummy HARQ (dummy HARQ
PDSCH) interaction PDSCH) interaction

X=95 X=99




image27.png
ko, k1 i
DL-NACK. ¢ | |NACK transmit





image28.png
NACK transmit

uL

Data transmit





image29.png
Power Consumption (Unit) in Different Traffic

100

50

CG 30Mbps
H Always on

Notation: (x,y):
* Skip monitoring for x ms after receiving indication
* Resume monitoring for y ms if UE fails to decode

20.78%

I Iig7% I IiGS%

XR 30Mbps

M Rel-17 © Enh

XR 45Mbps

Always on (0,0) 7.46 108.12 - -
(5,0) 37.06 92.86 - -

Rel-17 (4,0) 16.90 96.09 11.13% baseline
(3,0) 12.22 98.78 8.64% -

Enh (12,5) 15.63 76.12 29.60% 20.78%

Always on (0,0) 2.98 104.65 - -

(3,0) 27.62 95.63 - -
Rel-17

(2,0) 6.90 99.13 5.27% baseline
Enh (12,5) 3.92 71.40 31.77% 27.97%

Always on (0,0) 4.29 107.83 - -

(3,0) 32.62 99.24 - -
Rel-17

(2,0) 10.48 102.55 4.90% baseline
Enh (12,5) 6.90 76.22 29.31% 25.68%





image30.png
DRX + Rel-17
+29.8% 82.39 9.41% 3.59%
DRX + Enh +11.4% 69.79 23.27% 15.29%





image31.png
. . PS Gain
XR 30 Skipping Config. Outagoe Pramyr (U]
(8 UE) (xy) Rate (%) w.r.t. (0,0)

Rel-17
(2,0) 14.68 119.14 3.96% baseline

(12,5) 10.95 102.14 17.66%




image32.png
Frame 0 Frame 1 Frame 2
Jitter Range = 8ms ! ! !
\ H ) 1
' 1/FPS = 16.67ms ' 16.67ms :
Frame Arrival i i : Delivery of !
and Delivery 1| Delivery of Delivery of Frame 2
g Frame 0 Frame 1 ™
Slot I l i i I
(SCS 30kHz) ! i
10 11 P3 : 401 58 :
[' ' AT(0) I : ' AT(1) I :
Reference Time Tuc(0) Tor(1) Tguc(1) Torr(2)





image33.emf
PDCCH skipping 

duration = 6ms

2ms

Jitter range 

boundary

 PDCCH skipping 

duration = 2ms

(a) R17 PDCCH skipping with 

[6ms, 4ms, 2ms] skipping durations

XR traffic periodicity =16.67 ms

(b) Enhanced PDCCH skipping duration

 PDCCH skipping to the 

next jitter boundary

Data Transmission Micro sleep

Light sleep

6 ms

Jitter range 

boundary

Jitter range 

boundary

Jitter range 

boundary

Data bust arrival 

time

Data bust arrival 

time

Data bust arrival 

time

Data bust arrival 

time

Unnecessary PDCCH monitoring


Microsoft_Visio_Drawing4.vsdx
PDCCH skipping duration = 6ms
2ms
Jitter range boundary
PDCCH skipping duration = 2ms
(a) R17 PDCCH skipping with 
[6ms, 4ms, 2ms] skipping durations
XR traffic periodicity =16.67 ms
(b) Enhanced PDCCH skipping duration
PDCCH skipping to the next jitter boundary
Data Transmission
Micro sleep
Light sleep
6 ms
Jitter range boundary
Jitter range boundary
Jitter range boundary
Data bust arrival time
Data bust arrival time
Data bust arrival time
Data bust arrival time
Unnecessary PDCCH monitoring



image34.png
25.00%

20.00%

15.00%

10.00%

5.00%

0.00%

Power saving gain vs. AlwaysOn

18.18%

14.25%
12.06%
10.46%
o
S.DSA) B I I

R17PDCCH skipping ~ Enhanced PDCCH R17 PDCCH skipping
skipping with SSSG switching

mLowload mHigh load

23.36%

19.28%

Enhanced PDCCH
skipping with SSSG
switching




image35.emf
New 

data

Traffic 

activity

‘

11

’

New 

data

‘

00

’‘

00

’ ‘

00

’ ‘

10

’

DRX active 

time

‘

00

’‘

00

’‘

00

’‘

00

’

PDCCH with DL 

assignment and 

PM adaptation

indication

PDCCH 

Monitoring 

Occasion

Adaptation indication in (non-)scheduling DCI:

·

“

00

”

: Beh.1: PDCCH skipping not activated

·

“

01

”

: PDCCH skipping, 1 Mos

·

“

10

”

: PDCCH skipping, 3 Mos

·

“

11

”

: PDCCH skipping, 7 Mos

UE 

Behaviors

PDCCH withno DL 

assignment but 

PM adaptation

indication

‘

10

’


Microsoft_Visio_2003-2010_Drawing1.vsd
New data


Traffic activity


‘11’


New data


‘00’


‘00’


‘00’


‘10’


DRX active time


‘00’


‘00’


‘00’


‘00’


PDCCH with DL assignment and PM adaptation indication



image1.emf
ON

ON

ON ON

ON ON ON ON ON ON

DRX cycle = 50ms

XR non-integer 

traffic period = 

16.67ms

DRX 

start-offset

 = 16ms

DRX start-offset

 = 33ms

ON

DRX cycle = 50ms

DRX cfg.1

DRX cfg.2

DRX cfg

Approach 2: Configure 

three DRX configurations

Approach 3: Configure 3 

DRX ondurations within a 

DRX cycle. 

DRX cfg.3

DRX 

start-offset

 = 0ms

ON

16 17 17

ON ON ON ON ON ON

DRX cycle1 DRX cycle2 DRX cycle3

DRX cycle set/pattern

Approach 1: Configure 

DRX cycle set/pattern 


image2.emf
DL video @60fps 

DRX config

16ms cycle 2ms on duration

 

16.67ms

16.67ms

16.67ms 16.67ms

16ms

16ms

16ms

0.67ms

16ms


