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Introduction
For this meeting, contributions in the below reference section contain discussion on evaluation results and some remaining issues in methodology for the UE power saving study item. In this summary, we capture the discussions on the remaining issues in evaluation methodology, and provide some comments and recommendation for actions to follow during the meeting. 

Power Model
2/25 4:30pm: The following issue was agreed (also discussed in Section 2.1).
Amend Update the AH1901 agreement as follows (highlighted text will be added):
· For evaluation, when BWP transition duration is one slot or longer, the slot-average power level is 50 power units
· In case when BWP transition duration is <one slot (if defined), up to each company to report the power level assumed
· Companies to report the type of BWP transition time (type 1 and/or type 2) assumed in the evaluation
· Note: When BWP adaptation power scaling is applied, the resultant power should not be smaller than the above power level. Justification should be provided if a different assumption is made (for example, UE is assumed to be in a state that is not fully active).

The amendment will be used to update TR 38.804, along with the following modification:
In Table 15 (in Section 8.1.3) of TR38.804, 
	BWP Bandwidth (DL)
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. Linear interpolation for intermediate bandwidths. Valid only for X = 10, 20, 40, 80, and 100.
Above scaling is applicable for FR1 only.
In case scaling is needed for FR2, companies can report the assumed scaling factor.
	For 10MHz BW, only AL up to 8 can be used for PDCCH
The transition time is the same as DCI-based BWP switching delay for Rel-15.
FFS: transition energy for BWP switching
If the power after scaling is smaller than the BWP transition power, assume the BWP transition power as the output of scaling unless otherwise justified.

	BWP Bandwidth (UL)
	No scaling at 0dBm or 23dBm
Above scaling is applicable for FR1 only.
In case scaling is needed for FR2, companies can report the assumed scaling factor.
	




[bookmark: _Ref2027736]Consistency between BWP scaling and sleep power
A potential issue of inconsistency between BWP power scaling and microsleep power was brought up and an offline email suggested a solution to the issue, with the main part quoted below:
Basically, by applying BWP scaling to PDCCH-only state, it is possible to get power level which is lower than microsleep. For example, at 20MHz, PDCCH-only is at 40 power units, but microsleep power level is 45. For PDCCH-only with cross-slot scheduling, the difference would be even more prominent.
BWP scaling is as follows (Table 12 in Section 8.1.3):
	BWP Bandwidth (DL)
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. Linear interpolation for intermediate bandwidths. Valid only for X = 10, 20, 40, 80, and 100.
Above scaling is applicable for FR1 only.
In case scaling is needed for FR2, companies can report the assumed scaling factor.
	For 10MHz BW, only AL up to 8 can be used for PDCCH
The transition time is the same as DCI-based BWP switching delay for Rel-15.
FFS: transition energy for BWP switching


It is also agreed that above scaling does not apply to sleep states, as stated “Note: Scaling applies only to non-sleep power states”

Also in last meeting (AH1901) we agreed on BWP transition power to be 50 power units. The intention is that this should be slightly higher than microsleep power. It also would not make sense to have PDCCH-only power to be lower than microsleep power. Otherwise, it would be more “economical” to put UE in PDCCH-monitoring state at smallest bandwidth, instead of microsleep. In reality this should not be the case.
My suggestion is to avoid applying BWP scaling to achieve lower power than the agreed BWP transition power of 50 power units, at least for fully-active states (i.e. in which the UE is assumed to be able to transition to another active state on a slot-by-slot basis without any latency). Based on this, it means if we assume BWP DL bandwidth to be 40 MHz, the PDCCH-only power would be 55, which is above BWP transition power level, and this is ok. However, if we assume BWP DL bandwidth to be 20MHz, the PDCCH-only power would be floored at 50. The same rule applies to PDCCH-only with cross-slot scheduling.
Note that non-sleep state power lower than 50 is still possible as long as it is justified. For example, power saving signal/channel may have lower power because certain transition latency is assumed to reach fully-active states.

The potential issue is that if PDCCH-only power can be lower than microsleep in some scenarios, then it is more power efficient to stay in PDCCH monitoring mode than going to microsleep. In reality this does not make sense.

In [12], the issue is also discussed:
It has been briefly discussed in UE power saving email discussion that current power model provide power numbers which are not consistent when bandwidth scaling is applied. The problem is when bandwidth is scaled, the power number of PDCCH only could be even smaller than micro sleep power which is 45. In real product, this cannot happen since receiving/decoding PDCCH requires additional energy / power consumption. As a simple solution as proposed by feature lead, we support limiting the non-sleep state power to 50.

During offline discussion, no company seem to object to the above solution. Essentially, the agreement on BWP transition power modelling should be amended:
Amend the AH1901 agreement as follows (highlighted text will be added:
· For evaluation, when BWP transition duration is one slot or longer, the slot-average power level is 50 power units
· In case when BWP transition duration is <one slot (if defined), up to each company to report the power level assumed
· Companies to report the type of BWP transition time (type 1 and/or type 2) assumed in the evaluation
· Note: When BWP adaptation power scaling is applied, the resultant power should not be smaller than the above power level. Justification should be provided if a different assumption is made (for example, UE is assumed to be in a state that is not fully active).

Recommendation: Get consensus to agree to the above amendment
Once agreed, the corresponding text in the TR should also be updated.

Confirmations
A number of [] in draft TR 38.804 should be confirmed. Also some FFS are resolved already or no longer applicable and should be removed.
A complete summary will be provided later in the week for discussion/approval.
In Section 8.1.3 in TR 38.804, the following numbers within square brackets should be confirmed and the brackets should be removed:

· For evaluation purpose, it is assumed that a periodicity of max(DRX cycle, [160 msec]) is the baseline for periodic activities, e.g. time/frequency, channel or beam tracking (if applicable)
· Other periodicity values are not precluded – companies to report if other values are assumed
· Companies to report detailed assumptions, e.g. the resources used, the relative timing relationship between DRX cycle and periodic activity, whether and how UL reporting is done, etc.

· For “PDCCH-only” and “SSB or CSI-RS processing” concurrent in a slot, the slot-averaged power is 0.85x the sum of the respective power, at least for FR1
· For FR1, 0.85*(100+100) = 170
· For FR2, 0.85*(175+175) = [300]
· For “SSB processing” and “CSI-RS processing” concurrent in a slot, the slot-averaged power is 0.85x the sum of the respective power, at least for FR1
· For FR1, 0.85*(100+100) = 170
· For FR2, 0.85*(175+175) = [300]
· 2-SSB within a slot is assumed


In Section 8.1.4 in TR 38.804, the following numbers within square brackets should be confirmed and the brackets should be removed:
· For inter-band
· Up to [2] frequency layers and 
· Gap pattern ID = 0 defined in TS 38.133 (i.e., measurement gap length of 6msec and measurement gap periodicity of 40msec)


In Section 8.1.4.2 in TR 38.804, discuss whether the assumption within square brackets:

The inter-frequency measurement is represented as function of the number of frequency layers:
UE needs to monitor Nf frequency layers within a measurement gap.

Where 
· Ei is either Pfr1*Ns (for FR1) or Pfr2*Ns (for FR2) for each frequency layer i
· Ns is the number of slot over which measurements (for each frequency layer i) are carried out 
· Nf is the number of frequency layers measured
· Et = Pt * Tt, where 
· Pt is the switching power consumption 
· [Assume micro sleep power for Pt]
· Tt is 0.5ms for FR1 and 0.25ms for FR2 (from RAN4)

In Section 8.2:

· I-DRX cycle 1.28 sec
· Group paging rate (for a PO): [10%]
· P-RNTI is detected but PDSCH decoding results in no match
· Note: Statistics for the matching case may be further considered based on use case



Evaluation Results

Calibration result update
The following calibration results (highlighted in red) from several companies will be used to update the calibration result table in TR 38.840:
	 
	Power States
	HW [R1-1903194]
	Vivo
	MTK
	ZTE
	Intel
	LGE
	CATT
	SS
	OPPO [R1-1900304]
	Sony [R1-1900379]
	E/// [R1-1901165]
	QCOM
	Nokia [R1-1901187]
	Apple [R1-1902770]

	FTP, w/o C-DRX
	PDCCH only
	99.79%
	99.75%
	99.75%
	99.73%
	99.75%
	99.75%
	99.71%
	99.75%
	99.74%
	99.75%
	99.80%
	99.75%
	99.75%
	99.75%

	
	PDCCH+PDSCH
	 0.21%
	0.25%
	0.25%
	0.27%
	0.25%
	0.25%
	0.29%
	0.25%
	0.26%
	0.25%
	0.20%
	0.25%
	0.25%
	0.25%

	
	Micro sleep
	 0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	
	Light sleep
	 0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	
	Deep sleep
	 0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	FTP, w/ C-DRX
	PDCCH only
	34.96%
	34.68%
	34.62%
	35%
	34.96%
	35.27%
	37.92%
	32.85%
	35.65%
	34.50%
	35.11%
	35.01%
	34.95%
	35.44%

	
	PDCCH+PDSCH
	0.21%
	0.25%
	0.20%
	0.27%
	0.25%
	0.26%
	0.29%
	0.20%
	0.293%
	0.25%
	0.21%
	0.25%
	0.25%
	0.21%

	
	Micro sleep
	0.02%
	0.01%
	0.02%
	0.03%
	0.02%
	0.02%
	0.00%
	0.01%
	0.0248%
	0.02%
	0.01%
	0.01%
	0.02%
	0.04%

	
	Light sleep
	0.15%
	0.13%
	0.17%
	0%
	0.15%
	0.17%
	0.00%
	0.14%
	0293%
	0.15%
	0.12%
	0.15%
	0.14%
	0.07%

	
	Deep sleep
	64.66%
	64.94%
	64.99%
	65%
	64.62%
	64.28%
	61.85%
	66.80%
	63.9%
	65.09%
	64.55%
	64.58%
	64.64%
	64.57%

	VoIP, w/o C-DRX
	PDCCH only
	 98.92%
	98.59%
	98.56%
	98.43%
	98.75%
	 
	98.70%
	98.46%
	
	98.73%
	98.50%
	98.60%
	
	98.7%

	
	PDCCH+PDSCH
	 1.08%
	1.41%
	1.44%
	1.57%
	1.25%
	 
	1.31%
	1.54%
	
	1.27%
	1.50%
	1.40%
	
	1.3%

	
	Micro sleep
	 0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	
	0.00%
	0.00%
	0.00%
	
	0.00%

	
	Light sleep
	 0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	
	0.00%
	0.00%
	0.00%
	
	0.00%

	
	Deep sleep
	 0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	
	0.00%
	0.00%
	0.00%
	
	0.00%

	VoIP, w/ C-DRX
	PDCCH only
	22.09%
	22.40%
	21.46%
	19.31%
	18.72%
	 
	14.43%
	20.16%
	
	20.20%
	22.50%
	22.31%
	
	20.36%

	
	PDCCH+PDSCH
	1.08%
	1.09%
	1.09%
	0.78%
	1.25%
	 
	0.40%
	1.96%
	
	0.96%
	1.11%
	1.08%
	
	0.84%

	
	Micro sleep
	0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	
	0.00%
	0.0%
	0.00%
	
	0.00%

	
	Light sleep
	1.37%
	0.61%
	0.41%
	 0.00%
	0.00%
	 
	0.00%
	0.34%
	
	0.83%
	0.54%
	0.54%
	
	0.00%

	
	Deep sleep
	75.45%
	75.90%
	77.04%
	79.92%
	80.03%
	 
	85.16%
	77.54%
	
	78.02%
	75.85%
	76.07%
	
	78.78%



Summary of evaluation results
The following are also summarized in the draft TR 38.804:
Adaptation to the variations in frequency
Power saving schemes with UE adaptation to the BWP switching and fast SCell activation/deactivation
	Company
	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Huawei [57]
	Triggering SCell(s) PDCCH monitoring by starting of InactivityTimer on PCell
	3.91% ~ 24.16%
	
	0.71~2.5%
	none
	SLS
CDRX config: (160, 100, 8), (160, 40, 8), (40, 25, 4), (40, 10, 4)
Packet size / arrival rate (Mbytes / ms): 0.5/200, 0.1/2000
	Single UE in a cell.
4 activated CCs.
A scaling factor of 0.2 is assumed for each activated SCell without PDCCH monitoring.
Latency increasing results are obtained by system analysis.

	
	
	1.82% ~ 12.23%
	
	0.86~2.89%
	none
	Same as first case
	2 activated CCs.
Other assumptions are same as first case

	
	
	2.73% ~ 16.11%
	
	0.09%~2.62%
	none
	Same as first case
	10 UEs in a cell.
Other assumptions are same as first case

	vivo [58]
	Adaptation in frequency domain (UE reports its preferred BWP)
	9%-45%
	30% for CDRX
	Average packet latency: 16.83ms;
Latency increase: 0%
	Marginal
	Numerical simulation

Baseline assumption: The BWP is always 100MHz;
Traffic model: gaming
CDRX config: (40, 10,4)
	

	
	
	
	45% for Fixed PDCCH monitoring periodicity (0.5ms)
	Average packet latency: 0.5ms;
Latency increase: 0%
	
	
	

	
	
	
	9% for Fixed PDCCH monitoring periodicity (40ms)
	Average packet latency: 20.30ms;
Latency increase: 0%
	
	
	

	MediaTek [18][40][59]
	Rel-15 DCI and timer based BWP switching with A-CSI after switching to a larger-BW BWP
	23.54% ~ 31.42%
	FTP/Video: 23.54%
IM: 24.79%
VoIP: 31.42%
	Latency Increment:
FTP/Video: 3.98%
IM: 1.91%
VoIP: -0.07%
	RU increment:
FTP/Video: -0.55%
IM: 1.29%
VoIP: 0%
	CDRX config:
FTP/Video (160, 100, 8)
IM (320, 80, 10)
VoIP (40, 10, 4)
	A large-BW BWP of 100 MHz, a small-BW BWP of 20 MHz and a 20-ms BWP timer are assumed for IM and FTP/Video. For VoIP, small-BW BWP of 20 MHz is always applied.

	MediaTek [18][40][59]
	BWP-based SCell power saving and bundled BWP switching
	51.18% ~ 67.33%
	FTP/Video: 51.18%
IM: 67.33%
	Latency Increment:
FTP/Video: -0.675%
IM: 1.60%
	RU increment:
FTP/Video: -1.23%
IM: 0%
	CDRX config:
FTP/Video (160, 100, 8)
IM (320, 80, 10)
	1. Background traffic of packet size 256 bits and mean arrival time 200 ms is added to the traffic models.
2. The SCell BWP transition follows the BWP transition of PCell.

	CATT[21][60]
	Power saving signal trigger BWP adaption with the additional RS (PS- RS)
	8.5%-55.0%
	ftp3 with 160ms DRX-cycle: 25.2%
IM with 320ms DRX-cycle:55.0%
	Avg. UPT 17.1%(FTP3 λ=3.2)

	7.14%, 14.29%, 21.4%.
.
	SLS with 10UE per TRP for DU scenario to get transmission rate, and observed one single UE for power consumption.
Baseline: PDCCH monitoring, CSI and PDSCH reception on wider BW, FTP3 with 0.5Mbytes packet size and 200ms inter-arrival time, IM with 0.1Mbytes packet size and 2s inter-arrival time
	

	Samsung [34][64]
	(De)activation of SCell
	57.75%






38.7%
	Activated CCs adapted from 4 to 1. 
Activated CCs adapted from 4 to 2.
	838.6Mbps/1.04ms,


867Mbps/1.0ms
	DCI based power saving signal with monitoring, T = 1024ms  
	No C-DRX, 

FTP3 traffic model with mean of inter packet arrivals = 4ms
 
	Single UE.
One PDSCH over 10 symbols in one slot is capable of carrying 868584 information bits.
Cross-carrier scheduling 
Minimum scheduling delay = 0.5ms.

	Apple [27][47][68]
	1) When UE knows total size of file to download / upload, it can estimate power efficient BWP sizes.
2) UE can indicate its preferred BWP configuration to gNB.
3) gNB configure UE with the BWPs which was determined based on UE’s recommendation.
4) File transfer occurs with the configured BWPs.
	33 ~ 68%
	0dBm case
0.1MB : 68%
0.5MB : 64%
2M : 46%
4M : 34%

23dBm case
0.1MB : 51%
0.5MB : 33%
2MB : 61%
4MB : 53%
	4Mbps for 0.1MB file

20Mbps 
for 0.5MB file



	
	Evaluation Method = Mathematical Analysis,

UE continuously monitors PDCCH,
No CDRX assumed.
No GTS assumed.
	Power saving gain in each file size is computed against the bandwidth consuming highest power in each file size.

	Apple [27][47][68]
	1) When UE knows total size of file to download / upload, it can estimate power efficient BWP sizes.
2) UE can indicate its preferred BWP configuration to gNB.
3) gNB configure UE with the BWPs which was determined considering UE’s recommendation.
4) File transfer starts with the configured BWPs.
5) Between packet arrivals, gNB actively use GTS signal to make UE sleep or DRX with short inactivity timer make UE enter DRX off period.
	40 ~ 80%
	0.1MB : 80%
0.5MB : 75%
2M : 56%
4M : 45%
in Case 2a


40% in Case 2b



	20Mbps
	
	Evaluation Method = Mathematical Analysis and LLS

UE continuously monitors PDCCH,

GTS or CDRX (160,5,5) ms assumed.
	Power saving gain in each file size is computed against the bandwidth consuming highest power.

	Apple [27][47][68]
	1) When UE knows the total size of file to download / upload, it can estimate power efficient BWP sizes.
2) UE can indicate its preferred BWP configuration to gNB.
3) gNB configure UE with the BWPs which was determined based on UE’s recommendation.
4) File transfer occurs with the configured BWPs.
5) BWP switching and DRX operation are enabled.
	 16 %
	16%
	20Mbps
	
	Evaluation Method = LLS,

UE continuously monitors PDCCH,
CDRX (160, 100, 8) ms assumed.
No GTS assumed 
FTP3(0.5MB, 0.2s)
	Power saving gain in each file size is computed against the bandwidth consuming highest power.

	Apple [27][47][68]
	1) In cases UE is aware of total size of file (e.g., video, app) to upload or download, UE can advise gNB how many Scells it needs or when to activate / deactivate SCells.
2) UE sends SCell deactivation request to network when file downloading is finished.
3a) Without DRX, following the deactivation, gNB can immediately move to RRC INACTIVE or IDLE state.
3b) With CDRX case, UE enters CDRX mode.
	5% ~ 43%
	43% for 1MB file with No CDRX

7% for 5MB file with No CDRX

17% for 1MB file with CDRX

5% for 5MB file with CDRX
	
	
	Evaluation Method = LLS,

Baseline configuration with 2 CC, 1 HARQ process, gNB deactivates SCells after sCell deactivation timer value of 320ms expires.
CDRX = (320, 200, 10) ms
	Note that both baseline and proposed schemes have no impact on user throughput since the SCell deactivation kicks in after file downloading is finished.

	Qualcomm [48][70]
	SCell Dormancy
(e.g. based on dormant BWP, or semi-persistent search space config)
	7.4% ~ 33.6%
	Highlights:

#1) For PDCCH period
1 slot: 33.6%
2 slots: 22.9%
4 slots: 13.9%
8 slots: 07.4%

#2) For PDCCH period
1 slot:  32.7%
2 slots: 22.5%
4 slots: 13.8%
8 slots: 07.7%
	Average latency increase 

#1) For PDCCH period:
1 slot:   0.38%
2 slots: 0.99%
4 slots: 1.61%
8 slots: 2.84%

#2) For PDCCH period:
1 slot:   0.73%
2 slots: 1.35%
4 slots: 1.96%
8 slots: 3.20%
	
Signalling overhead due to transition  commands
	Method: SLS 
FR2. DL-only, No CDRX

Traffic model: FTP Model 3

Max 4CC

Transition delay assumptions:
#1) Transition Delay=1 slot
#2) Transition Delay=6 slots

	· Gain in average power consumption.
· Baseline latency: 20.3ms
· Additional latency is due to transition delay
· Traffic scales with number of carriers



Adaptation to the variations in time
Power saving scheme with cross-slot scheduling
	Company
	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Huawei [16][57]
	Cross-slot scheduling
	13.7% ~ 25.4%
	Average power
(28.1/24.3)~ (40.9/30.6)
	UPT: 13.4%~18.4%
Latency: 0.84~3.2%
	none
	SLS
CDRX config: (160, 100, 8), (160, 40, 8), (40, 25, 4), (40, 10, 4)
	Single UE in a cell

	
	
	6.5% ~ 11.3%
	(64.4/60.2)~ (87.4/77.6)
	UPT: 2.9%~5.2%
Latency: 0.29%~0.46%
	none
	Same as first case
	Multi-UE in a cell (10 UEs in average)

	Vivo [58]
	cross-slot scheduling
	18%-29%
	18%-25% for UE of 5 percentile SINR
	Average packet Latency: 13.94- 58.36 ms;
Latency increase: 1%-4% 
	Marginal
	Numerical simulation

Baseline assumption: non-UE preferred CDRX configuration;
Traffic: ftp model 3
	

	
	
	
	24%-28% for UE of 50 percentile SINR
	Average packet Latency: 4.03- 47.80 ms;
Latency increase: 1%-14% 
	
	
	

	
	
	
	25%-29% for UE of 95 percentile SINR
	Average packet Latency: 3.01- 46.74 ms;
Latency increase: 1%-20% 
	
	
	

	Mediatek [59]
	Cross-slot scheduling
With positive values in K0, K2 and A-CSI offset
	13.54% ~ 18.99%
	FTP/Video: 18.99%
IM: 17.26%
VoIP: 13.54%
	Latency Increment:
FTP/Video: 0.84%
IM: 0.34%
VoIP: 3.72%
	RU increment:
FTP/Video: 0%
IM: 0%
VoIP: 0%
	CDRX config:
FTP/Video (160, 100, 8)
IM (320, 80, 10)
VoIP (40, 10, 4)
	K0, K2 and A-CSI offset > 0

	CATT[21][60]
	Cross-slot scheduling with K0 > 0 indicated to the UE in advance
	[1.1%-11.3%]
	ftp3 with 160ms DRX-cycle: 11.3%
IM with 320ms DRX-cycle:1.1%
	--
	0%
	SLS with 10UE per TRP to get transmission rate, and observed one single UE for power consumption.
Baseline: Cross-slot scheduling wo. micro-sleep, FTP3 with 0.5Mbytes and 200ms inter-arrival time, IM with 0.1Mbytes and 2s inter-arrival time
	

	ZTE [19][41]
	Cross-slot scheduling with K0 =1 indicated to the UE in advance
	[24%-25%]
	
	
	
	Numerical simulation;
DRX configuration (160-100-8)
FTP3 traffic model with mean of inter packet arrivals = 200ms
	

	Samsung [34][64]
	Cross-slot scheduling

	21%

21%

21%.

21%
	Minimum K0 = 
0.5ms,
1ms,
1.5ms,
2ms


	837Mbps/1.03ms

565Mbps/1.53ms

426.38Mbps/2.03ms

342.36Mbps/2.53ms
	DCI based power saving signal for triggering adaptation  with monitoring, T = 1024ms  
	No C-DRX, 

FTP3 traffic model with mean of inter packet arrivals = 4ms
 
	Single UE, 

One PDSCH over 10 symbols in one slot is capable of carrying 868584 information bits.

	Intel [65]
	Cross-slot scheduling with K0=1
	16.34 – 20.77
	16.34%
	65.53 MBps
	85.42 ms
	
	5%
	FTP model 3
160, 100, 8
	

	
	
	
	19.36%
	84.6 MBps
	60.76 ms
	
	50% 
	
	

	
	
	
	20.48%
	88.11 MBps
	56.73 ms
	
	95% 
	
	

	
	
	
	20.25%
	5.65 MBps
	149.13 ms
	
	5% 
	Instant Messaging
320, 80, 10
	

	
	
	
	20.77%
	5.73 MBps
	148.72 ms
	
	50% 
	
	

	
	
	
	20.66%
	5.73 MBps
	148.69 ms
	
	95% 
	
	

	
	
	
	17.76%
	0.0282 MBps
	11.01 ms
	
	5% 
	VoIP
40, 10, 4
	

	
	
	
	17.72%
	0.0279 MBps
	11.03 ms
	
	50% 
	
	

	
	
	
	17.44%
	0.0282 MBps
	11.02 ms
	
	95% 
	
	

	Interdigital
	Cross-slot scheduling
	[13.1% - 22.4%]
	FTP: 20.1%, 16.2%, 13.1%
IM: 18.5%, 18.0%, 22.4%
	
	
	SLS

Case 1(160, 100, 8), Case 2 (40, 25, 4),
Case 3(40, 10, 4)
Case 4(320, 80, 10)

FTP (Case 1, 2, 3)
IM (Case 2, 3, 4)
	Higher gain observed for longer DRX cycle.

	Apple [68]
	1) UE can indicate its preferred K0, K1, K2 values to gNB before data transfer starts.
2) gNB can use those preferred K0, K1, K2 values for data scheduling.


	 5~41 %
	5% for (K0,K1)=(8,8)

41% for (K0,K1)=(0,1)
	
	
	Evaluation Method = Mathematical Analysis

	

	Apple [27][47] [68]
	1)gNB can configure UE’s TDRA table with entries with enough gap between PDCCH and associated PDSCH. The gap is long enough such that PDSCH transmission starts after the gap ends.
2) As long as all the schedulable entries have enough slot(s), UE can avoid unnecessary PDSCH buffering.
	0~30%
	0% for high load (grant is scheduled every slot).

~30% for very low load (grant is scheduled with very low probability)
	

	
	Evaluation Method = Mathematical Analysis,

It is assumed that arrived packet could be served with a single PDSCH.
	TDRA based gap scheduling
(cross slot scheduling only)

	Ericsson [69]

	Cross-slot scheduling comparing with minimum K0 > 0 
K0 = 1 
K0= 4 
K0= 16

	See next column
	K0 = 1: 13%-21%
K0 = 4: 9%-19%
K0 = 16: 2%-15%
	UPT loss: 
K0 = 1: 
3%-5% 
K0 = 4: 
10%-13% 
K0 = 16: 
25%-30% 

	
	System-level simulation
CDRX = (160, 100, 8) ms
Traffic model is FTP3 with 180 kB packet size and 200 ms inter-arrival time is used. 
48% RU
	

	
	
	See next column
	K0 = 1: 16%-20%
K0 = 4: 15%-17%
K0 = 16: 6%-11%
	UPT loss: 
K0 = 1: 
0.3%-4% 
K0 = 4: 
7%-12% 
K0 = 16: 
20%-32% 

	
	System-level simulation
CDRX = (160, 100, 8) ms
Traffic model is FTP3 with 180 kB packet size and 200 ms inter-arrival time is used. 
3% RU

	

	Qualcomm [30][48][70]

	Configuration of minimum DL scheduling offset that applies to K0 and A-CSI triggering offset

	6.9% ~ 25.8%
	For PDCCH period
1 slot:  25.8%
2 slots: 17.5%
4 slots: 11.0%
8 slots: 6.9%
	Latency increase for PDCCH period
1 slot: 0.57%
2 slot: 0.80%
4 slot: 1.37%
8 slot: 2.50%
	none
	SLS
FR1
FTP3, no DRX

	· Gain in average power consumption
· Baseline latency: 87.6ms (PDCCH period 1 slot)

	
	
	9.6% ~ 27%
	For PDCCH period
1 slot:  27.0%
2 slots: 20.9%
4 slots: 14.7%
8 slots: 9.6%
	Latency increase for PDCCH period
1 slot: 0.46% 
2 slot: 0.91%
4 slot: 1.37%
8 slot: 2.74%
	none
	SLS
FR2
FTP3, no DRX, 
	· Gain in average power consumption
· Baseline latency: 21.9ms (PDCCH period 1 slot)

	
	
	7.8% ~ 21.7%
	For PDCCH period
1 slot:  21.0%
2 slots: 16.0%
4 slots: 11.1%
8 slots: 07.8%
	Latency increase for PDCCH period
1 slot: 0.14%
2 slot: 0.28%
4 slot: 0.42%
8 slot: 0.84%
	none
	SLS
FR2
FTP3, , CDRX config = (160, 100, 4)
	· Gain in average power consumption
· Baseline latency: 71.85ms (PDCCH period 1 slot)

	Nokia, NSB [37][51]
	Cross-slot scheduling K >0
	[25%]
	
	
	
	DRX configuration (160, 40, 8)
Trafic model FTP3
	



Power saving scheme with same slot scheduling
	Company
	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Mediatek [59]
	Same-slot
Scheduling with a specified time gap between PDCCH and PDSCH
	-5.94% ~ 17.17%
	FTP/Video: -5.94%
IM: 17.17%
VoIP: 15.50%
	Latency Increment:
FTP/Video: 55.60%
IM: 0.47%
VoIP: 0.45%
	RU increment:
FTP/Video: 100.27%
IM: 93.51%
VoIP: 0%
	CDRX config:
FTP/Video (160, 100, 8)
IM (320, 80, 10)
VoIP (40, 10, 4)
	# of symbols between PDCCH and PDSCH = 6
# of PDSCH symbols
per slot = 7

	Apple [27][47] [68]
	1)gNB can configure UE’s TDRA table with entries with enough gap between PDCCH and associated PDSCH. The gap is long enough such that PDSCH transmission starts after the gap ends.
2) As long as all the schedulable entries have enough gap (e.g., symbols / slots), UE can avoid unnecessary PDSCH buffering.
	16~30%
	16% for high load (grant is scheduled every slot)

~30% for low load (grant is scheduled very low probability)
	
	
	Evaluation Method = Mathematical Analysis,

It is assumed that arrived packet could be served with a single PDSCH.
	TDRA based gap scheduling
(same slot scheduling only)



Power saving scheme with multi-slot scheduling
	Company
	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Samsung [34][64]
	Multi-slot scheduling: one PDCCH schedules at most N TBs across N consecutive slots.
	21.64%,
32.28%,
35.65%,
37.25%,
38.1%
 
	Maximum schedulable slots, F, and PDCCH monitoring periodicity T, (F,T) = 
 (2, 1ms),
(4, 2ms),
(6, 3ms),
(8, 4ms) ,
(10, 5ms)
	1Mbps/0.81ms
0.62Mbps/1.37ms
0.45Mbps/1.54ms
0.35Mbps/2.5ms 
0.28Mbps/3.06ms
	no
	No C-DRX, 

FTP3 traffic model with mean of inter packet arrivals = 4ms

	The results shown also reflect combination with reduced PDCCH monitoring to balance the throughput.
Single UE. 
One PDSCH over 10 symbols in one slot is capable of carrying 868584 information bits.

	ZTE
	Multi-slot scheduling
	[0.65%-1.9%]
	
	
	
	Numerical simulation;
DRX configuration ( 160-100-8)
	



[bookmark: _Toc655893]Adaptation to number of antenna
Power saving scheme with UE adaptation to the number of antenna/MIMO layer
	Company
	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Huawei [16][57]
	Adaptation to number of antennas
	19.69% ~ 23.37% 
	Average power: (34.11/ 27.39)~(59.24/ 45.40)
	Almost similar to the baseline
	5.94*10-6~5.99*10-6 
	SLS
CDRX config: (160, 100, 8), (160, 40, 8)
Packet size / arrival rate (Mbytes / ms): 0.5/200
Scheme 2: Proposed adaptation scheme
	Single UE in a cell
Cross-slot scheduling is assumed for all schemes and the baseline

	
	
	-2.61% ~ 22.19%
	Average power: (222.22 / 228.05) for 5%-tile UE
(19.49 /15.17) for 95%-tile UE
	UPT: 2.55%~58.66%
Latency: 1.3%~345%
	9.50*10-4~0.0069
	SLS
CDRX config: (160, 100, 8), (160, 40, 8)
Packet size / arrival rate (Mbytes / ms): 0.5/200, 0.1/2000
Scheme 1: 2Rx is always used
	10 UEs in a cell; for each configuration, 5%-tile UE and 95%-tile UE are evaluated respectively

	
	
	2.98% ~ 21.15%
	Average power: (211.01 / 204.73) for 5%-tile UE
(19.49 / 15.37) for 95%-tile UE
	Almost similar to the baseline
	1.58*10-5 ~ 1.58*10-4
	Same as above except this is for Scheme 2
	Same as above

	Vivo [58]
	Adaptation to number of antenna
(UE reports its preferred Rx antenna number)
	6%-30%
	20% for CDRX
	Average packet latency: 16.83ms;
Latency increase: 0%
	Marginal
	Numerical simulation

Baseline assumption: The Rx number is always 4Rx; Traffic model: gaming

CDRX config: (40,10,4)
	

	
	
	
	30% for Fixed PDCCH monitoring periodicity (0.5ms)
	Average packet latency: 0.5ms;
Latency increase: 0%*
	
	
	

	
	
	
	6% for Fixed PDCCH monitoring periodicity (40ms)
	Average packet latency: 20.30ms;
Latency increase: 0%*
	
	
	

	Mediatek [18][40][59]
	BWP-based adaptation on the maximum MIMO layer number
	14.37% ~ 19.53%
	FTP/Video: 14.37%
IM: 15.70%
VoIP: 19.53%
	Latency Increment
FTP/Video: 3.36%
IM: 1.79%
VoIP: -1.78%
	RU increment:
FTP/Video: -0.43%
IM: 1.95%
VoIP: -4.08%
	CDRX config:
FTP/Video (160, 100, 8)
IM (320, 80, 10)
VoIP (40, 10, 4)
	One 4-layer BWP and one 2-layer BWP. DCI and timer based dynamic switching for FTP/Video and IM;
Static 2-layer BWP for VoIP

	Intel [65]
	Number of UE antennas adaptation.
Comparison of 2Rx and 4Rx chains with maximum rank 2
	25.1– 30.2%
	26.06%
	68.42 MBps
	80.49 ms
	
	5% 
	FTP model 3
160, 100, 8
	

	
	
	
	26.89%
	85.68 MBps
	60.33 ms
	
	50% 
	
	

	
	
	
	25.11%
	89.3 MBps
	56.13 ms
	
	95% 
	
	

	
	
	
	29.66%
	5.78 MBps
	149.13 ms
	
	5% 
	Instant Messaging
320, 80, 10
	

	
	
	
	29.4%
	5.87 MBps
	148.72 ms
	
	50% 
	
	

	
	
	
	29.87%
	5.82 MBps
	148.69 ms
	
	95%
	
	

	
	
	
	30.03%
	0.0287 MBps
	10.15 ms
	
	5% 
	VoIP
40, 10, 4
	

	
	
	
	29.32%
	0.0284 MBps
	10.2 ms
	
	50% 
	
	

	
	
	
	30.24%
	0.0288 MBps
	10.09 ms
	
	95% 
	
	

	Interdigital
	Antenna adaptation
	[10.2% - 19.9%]
	FTP: 10.2%
IM: 19.9%
	No impact on latency
	
	SLS

Case 1(160, 100, 8), 
Case 4(320, 80, 10)

FTP (Case 1)
IM (Case 4)
	Higher gain observed for IM traffic.

	Apple [27][47][68]
	1) There are certain cases where gNB does not have to use large number of layers, e.g., low load traffic (traffic/control) transmission in good channel condition.
2) gNB can RRC configure UE with the maximum number of MIMO layers L_max.
3) gNB can dynamically indicate the mimo layer in DCI within L_max.
4) UE can buffer only up to L_max to avoid unnecessary buffering of layers which is not used.

	0 % ~ 30 %
	0 % for very low traffic load (when traffic load is low, no need to buffer PDSCH).

30% for high traffic load (when load is high, reducing to 2Rx from 4Rx could save up to 30% power).
	
	
	Evaluation Method = Mathematical Analysis,

Basic assumption is that SNR is high enough so that the BLER with 2Rx is very low enough.
	

	Ericsson [69]
	Comparison of 2-Rx chains vs 4-Rx chains with maximum 2-layers
	Negligible to negative  power saving gains since UE with 2Rx operation (vs 4Rx) has to stay awake longer to receive data.
	
	Latency (mean user serving time) increase by 1.4x-7.6x based on traffic load
	Overhead (resources utilization) increase of 1.3x-2.7x
Based on traffic load
	System-level simulation

	Increased PDCCH resource overhead due to 2Rx vs 4Rx is not modelled.

	ZTE[19]
	Adaptive configuration with 2 or 4 antennas 
	[12%-14%]	Comment by Qualcomm: Can the square brackets be removed?
	10M:13.37%
20M: 13.26%
40M: 13.37%
80M: 13.85%
100M: 14.01%
	
	
	Numerical simulation;
FTP 3 with 0.1Mbytes
CDRX configuration:
160-100-8
Bandwidth=10M,20M,40M,80M,100M
	



Adaptation to DRX operation
Power saving scheme with UE adaptation to the DRX operation (before and during ON duration)
	Company
	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Huawei [52][53][54][57]
	Wake-up signaling
	0.2% ~ 17.79%
	Average power: (97.75/97.55)~ (65.75/54.05)
	UPT: 0.49%~16.09%
Latency: 2.22%~9.88%
	1.96*10-6 ~ 1.92*10-5
	SLS
DRX config: (320, 200, 10), (320, 80, 10), (160, 100, 8), (160, 40, 8), (40, 25, 4), (40, 10, 4)
	10 UEs in a cell

	Vivo [58]
	PDCCH monitoring adaptation between DRX ONduration timer and inactivitytimer
	5%-50%
	5%-32% for UE of 5 percentile SINR
	Average packet Latency: 32-88 ms;
Latency increase: 5%-24%
	Marginal
	Numerical simulation
 
Baseline assumption: same PDCCH monitoring configurations between DRX ONduration timer and inactivitytimer;
Traffic model: ftp model 3
	

	
	
	
	7%-47% for UE of 50 percentile SINR
	Average packet Latency: 23-82 ms;
Latency increase: 6%-38%
	
	
	

	
	
	
	7%-50% for UE of 95 percentile SINR
	Average packet Latency: 22-81 ms;
Latency increase: 7%-42%
	
	
	

	Mediatek [40][59]
	Wake-up signalling before DRX on-duration and aggregated with periodic/background activities around SS burst
	9.40% ~ 30.39%
	FTP/Video: 9.40%
IM: 30.39%
VoIP: 24.55%
	Latency Increment:
FTP/Video: 12.14%
IM: 8.80%
VoIP: 11.92%
	RU increment:
FTP/Video: -1.40%
IM: 0%
VoIP: -5.10%
	CDRX config:
FTP/Video (160, 100, 8)
IM (320, 80, 10)
VoIP (40, 10, 4)
	Constant wake-up and 8-slot PDCCH monitoring period for VoIP

	Mediatek [59]
	Wake-up signalling right before DRX on-duration
	5.03% ~ 20.47%
	FTP/Video: 5.02%
IM: 20.47%
VoIP: 7.94%
	Latency Increment:
FTP/Video: 6.41%
IM: 5.56%
VoIP: 7.22%
	RU increment:
FTP/Video: -0.70%
IM: 0%
VoIP: -1.02%
	CDRX config:
FTP/Video (160, 100, 8)
IM (320, 80, 10)
VoIP (40, 10, 4)
	

	Mediatek [59]
	MAC-CE-based Go-To-Sleep signalling
	42.21% ~ 56.05%
	FTP/Video: 56.05%
IM: 48.30%
VoIP: 42.21%
	Latency Increment:
FTP/Video: 77.54%
IM: 9.84%
VoIP: 59.39%
	RU increment:
FTP/Video: -1.25%
IM: 0.65%
VoIP: -26.53%
	CDRX config:
FTP/Video (160, 100, 8)
IM (320, 80, 10)
VoIP (40, 10, 4)
	

	CATT[21][60]
	Power saving signal trigger DRX adaptation and power saving reference signal for channel tracking, CSI measurement.
	54.0%-76.4%
	ftp3 with 160ms DRX-cycle: 54.0%
IM with 320ms DRX-cycle:76.4%
	--
	The overhead for additional is similar to CSI-RS.
	SLS with 10UE per TRP to get transmission rate, and observed one single UE for power consumption.
Baseline: R15DRX scheme, considering procedure of channel tracking, CSI measurement. FTP3 with 0.5Mbytes and 200ms inter-arrival time, IM with 0.1Mbytes and 2s inter-arrival time
	

	ZTE [19][41][61]
	two level structure of power saving signal triggering UE wake up
	8.89%-39.9%
	FTP traffic:8.89%
Instant Message:39.9%
	
	
	Numerical simulation;
FTP traffic:160-100-8
Instant Message:320-80-10
Baseline: No WUS
	

	ZTE [19][41][61]
	Power saving signal triggering UE go to sleep
	21%-54%
	Sleep duration=2ms:
22%-28%
Sleep duration=4ms:
21%-33%
Sleep duration=8ms:
29%-54%
Sleep duration=16ms:
32%-54%

	
	
	Numerical simulation;

FTP model: file size=0.1Mbps,mean inter-arrival time 200msec
CDRX config:
40-10-4
40-25-4
160-40-8
160-100-8
320-80-10
320-200-10

Baseline: No GTS
	

	ZTE [19][41][61]
	Association of BWP,  two level structure of PS signal and DRX operation
	44%-54%
	FTP traffic:44%
Instant Message:54%
	
	
	Numerical simulation;

FTP traffic:160-100-8
Instant Message:320-80-10

Baseline: No WUS, BWP=100MHz
	

	LG[46][62]
	PDCCH-based WUS signal triggering UE wake up
(WUS occasions : DRX cycles)
(1) 1:1
(2) 1:4
(3) 4:1
	(1) 11.45%-14.24%
(2) 12.41%-27.33%
(3) 0.82%-6.81%
	
	UPT loss:
(1) 13.11%-16.59%
(2) 38.59%-54.49%
(3) 1.27%-4.07%
	
	Traffic model: FTP3 with file size 0.5Mbps,
DRX configuration (160,100,8)
	Reference schemes: PDCCH monitoring periodicity: 1 slot, K0=0 

	Sony [56]
	WUS triggering wakeup for DRX 
	[7-11% for PDCCH-based WUS
11-20% for low power WUS]
	
	
	
	FTP3 traffic. DRX = {160,100,8} and {160,40,8}
	

	Samsung [34][64]
	1-bit Power Saving signal triggering UE wakeup at DRX ON
	4%

 8.4%

11.4%

	mean of inter-packet  arrivals  =  100ms, 
200m, 
300ms
	23.8Mbps/36.5ms

16.75Mbps/51.8ms

15.0Mbps/57.8ms
	RS based power saving signal with monitoring periodicity  equals to DRX cycle
	C-DRX = (160, 100, 8)
FTP3 traffic model with mean of inter packet arrivals = 200ms

	Single UE. 

One PDSCH over 10 symbols in one slot is capable of carrying 868584 information bits.

	Samsung[64]
	Two levels CSI-RS based power saving signal prior to DRX ON duration for dynamic wake-up indication and scaling on CDRX configuration parameters
	89.4%

91.2%

91.6%
	mean of inter-packet arrivals  =  100ms, 
200m, 
300ms
	13/4Mbps/64.7ms

6.12Mbps/141.8ms

4.62Mbps/187.8ms
	RS based power saving signal with monitoring periodicity  equals to DRX cycle
	C-DRX = (160, 100, 8)
FTP3 traffic model with mean of inter packet arrivals = 200ms

	Single UE. 

One PDSCH over 10 symbols in one slot is capable of carrying 868584 information bits.

	Intel [45][65]
	Power saving signal triggering UE wake up for DRX on duration
	1.6 - 67.5%
	9.89%
	62.62 MBps
	88  ms
	
	5% 
	FTP model 3
160, 100, 8
	

	
	
	
	11.86%
	82.57 MBps
	63.17 ms
	
	50% 
	
	

	
	
	
	12.65%
	85.15 MBps
	60.38 ms
	
	95% 
	
	

	
	
	
	40.37%
	5.54 MBps
	151 ms
	
	5% 
	Instant Messaging
320, 80, 10
	

	
	
	
	42.83%
	5.74 MBps
	150 ms
	
	50% 
	
	

	
	
	
	42.42%
	5.51 MBps
	154 ms
	
	95% 
	
	

	
	
	
	18.59%
	0.023MBps
	12.65 ms
	
	5% 
	VoIP
40, 10, 4
	

	
	
	
	19.27%
	0.023 MBps
	12.57 ms
	
	50% 
	
	

	
	
	
	17.71%
	0.024 MBps
	12.31 ms
	
	95% 
	
	

	
	
	
	2.52%
	0.0285 MBps
	18.41 ms
	
	5% 
	Gaming
40, 10, 4
	

	
	
	
	1.68%
	0.0282 MBps
	18.52 ms
	
	50% 
	
	

	
	
	
	2.03%
	0.0302 MBps
	17.11 ms
	
	95% 
	
	

	
	
	
	67.49%
	2.16 MBps
	139.9 ms
	
	5% 
	Web browsing
320, 80, 10
	

	
	
	
	67.57%
	2.25 MBps
	136.7 ms
	
	50% 
	
	

	
	
	
	67.47%
	2.16 MBps
	137.5 ms
	
	95% 
	
	

	
	
	
	15.86%
	0.1066 MBps
	10.14 ms
	
	5% 
	Video streaming
40, 10, 4
	

	
	
	
	15.13%
	0.1113 MBps
	9.8 ms
	
	50% 
	
	

	
	
	
	14.89%
	0.1084 MBps
	10.01 ms
	
	95% 
	
	

	Interdigial
	Wake-up signal
	[11.5% - 88.1%] 
	FTP: 11.5%, 24.2%, 27.9%
IM: 84.6%, 88.1%, 36.6%
	No impact on latency
	
	SLS

Case 1(160, 100, 8), Case 2 (40, 25, 4),
Case 3(40, 10, 4)
Case 4(320, 80, 10)

FTP (Case 1, 2, 3)
IM (Case 2, 3, 4)
	Higher gain observed from shorter DRX cycle. IM gain is higher.

	Ericsson[69]
	WUS +Shorter DRX cycle compared to no WUS  + Longer DRX 
	8%-14%
	8%-14% power saving gain for the same UPT
	10% gain for same power consumption
	One WUS sent in one symbol before each traffic burst
	System-level simulation
CDRX
Traffic model is FTP3 with 180 kB packet size and 200 ms inter-arrival time is used. 
 RU < 10%. 

	Several DRX Cycles from 20 to 160 ms are evaluated with On duration of 8ms and 100ms IAT 

	Qualcomm [70]
	Pre-wake-up window
	5.8 to 9.4%
	C-DRX config (cycle, on dur.)
(160ms, 8ms): 9.4%
(320ms, 10ms): 5.8%
	
	Additional CSI-RS/TRS transmission in PWU window
	Baseline: SSB-based scheme
Traffid model: PDCCH-monitoring only
	

	Qualcomm [30][48] [70]
	PDCCH-based WUS triggering UE wakeup 
	3-64%
	Highlights:

Web browsing /w DRX (160, 100)
(#1) 35%
(#2) 25%

FTP /w DRX (160, 100)
(#1) 10%
(#2) 5%

FTP /w DRX (40, 10)
(#1) 50%
(#2) 31%

IM /w DRX (320, 80)
(#1) 21%
(#2) 11%


	Latency increase:

Web browsing /w DRX (160, 100)
4%

FTP /w DRX (160, 100)
3%

FTP /w DRX (40, 10)
13%

IM /w DRX (320, 80)
2%
	Percentage of DRX cycles requiring one additional PDCCH as WUS:

Web browsing /w DRX (160, 100)
5%

FTP /w DRX (160, 100)
28%

FTP /w DRX (40, 10)
11%

IM /w DRX (320, 80)
14%
	Method: Numerical simulation

FR1. DL-only.
Sync every 160 msec.

Traffic model: Web browsing, FTP, IM 

DRX configuration (40,10) (160,100) (320, 80)

DRX ON duration assumption for baseline:
(#1) Reference config 
(#2) 1-slot (minimum power)

WUS power model:
~1/3 of baseline
(See Section 2.1.1)

UE SINR assumption: Peak MCS, throughput
	CSI  measurements in pre-processing before the 1st PDSCH reception

	Nokia, NSB [71]
	Wake-up signal, 3 slot delay between WUS and On Duration. Sleep transitions according to UE power model.
WUS power level 10 units, 50 units, 100 units.
Long DRX cycle incl. short DRX (as per MAC specification 38.321).
Made for FTP3
	DRX:
10 unit: +8.6 %
50 unit: +8.5 %
100 unit: +7.8 %
Short DRX i:
10 unit: +20.3 %
50 unit: +19.5 %
100 unit: +18.6 %
Short DRX ii:
10 unit: +19.7 %
50 unit: +18.5 %
100 unit: +17.0 %
Short DRX iii:
10 unit: +18.6 %
50 unit: +17.4 %
100 unit: +15.8 %
	DRX: 160 ms DRX cycle, 100 ms inactivity timer, 8 ms On Duration.
Short DRX i: 80 ms DRX cycle, 5 ms inactivity timer, 8 ms On Duration, 40 ms short DRX cycle, 3 short cycles
Short DRX ii: 40 ms DRX cycle, 5 ms inactivity timer, 4 ms On Duration, 20 ms short DRX cycle, 5 short cycles
Short DRX iii: 20 ms DRX cycle, 5 ms inactivity timer, 4 ms On Duration, 10 ms short DRX cycle, 10 short cycles
	DRX: +12.2 %
Short DRX i: +11.3 %
Short DRX ii: 16.7 %
Short DRX iii: 51.6 %
	WUS is PDCCH based i.e. few additional symbolds for PDCCH before On Duration
	Results are compared to each DRX configuration without WUS.
	DRX: 
No WUS  151682387 units, 10 units WUS 138601719 units, 50 units WUS  138716190 units, 100 units WUS 139860887 units
Short DRX i:
No WUS 78073432 units, 10 units WUS  62208308 units, 50 units WUS 62819068 units, 100 units WUS  63582502 units
Short DRX ii
No WUS 103096777 units, 10 units WUS  82757455 units, 50 units WUS  84021095 units, 100 units WUS 85600613 units
Short DRX iii
No WUS 201668275 units, 10 units WUS 164144242 units, 50 units WUS 166636202 units, 100 units WUS 169751089
DRX:
No WUS 44.2 ms, WUS 49.6 ms
Short DRX i:
No WUS 31.1 ms, WUS 34.6 ms
Short DRX ii:
No WUS 14.4 ms, WUS 16.8 ms
Short DRX iii
No WUS 5.06 ms, WUS 7.67 ms

	Nokia, NSB [71]
	Go-to-sleep signal. DCI-based, indicating the UE can sleep until next On Duration. Based on a sliding window checking past x ms
Version1: send GTS if window is empty
Version2: send GTS if window is empty and Inactivity Timer is running
Long DRX cycle only (as per MAC specification 38.321).

Made for FTP3
	DRX:
Version1
600 slots: +3.1 %
400 slots: +7.9 %
200 slots: +44.2 %
Version2
600 slots: 0 %
400 slots: +3.0 %
200 slots: +36.1 %
Short DRX:
Version1
600 slots: +7.2 %
400 slots: +11.3 %
200 slots: +17.4 %
Version2
600 slots: 0 %
400 slots: 0 %
200 slots: 0 %
	DRX: 160 ms DRX cycle, 100 ms inactivity timer, 8 ms On Duration.
Short DRX: 40 ms DRX cycle, 5 ms inactivity timer, 4 ms On Duration, 20 ms short DRX cycle, 5 short cycles
GTS windows are 600, 400, 200 slots

	DRX:
Version1
600 slots: +1.0 %
400 slots: +3.7 %
200 slots: +21.9 %
Version2
600 slots: 0 %
400 slots: +1.0 %
200 slots: +18.4 %
Short DRX:
Version1
600 slots: +2.8 %
400 slots: +4.2 %
200 slots: +2.8 %
Version2
600 slots: 0 %
400 slots: 0 %
200 slots: 0 %
	GTS is included in the PDCCH DCI so minor overhead
	Results are compared to each DRX configuration without GTS.
	DRX:
No GTS: 141272445 units, 
Version1:
600 slots 136919235 units, 400 slots  130127331 units, 200 slots 78768183 units,
Version 2
600 slots 141272445 units, 400 slots  137092359 units, 200 slots 90270831 units,
No GTS 51.1 ms
Version 1:
600 slots 51.6 ms, 400 slots 53.0 ms, 200 slots  62.3 ms
Version 2:
600 slots 51.1 ms, 400 slots 51.6 ms, 200 slots 60.5 ms
Short DRX:
No GTS: 100934244 units, 
Version1:
600 slots 93676773 units, 400 slots  89502438 units, 200 slots 83327871 units,
Version 2
600 slots 100934244 units, 400 slots  100934244 units, 200 slots 100934244 units,
No GTS 14.3 ms
Version 1:
600 slots 14.7 ms, 400 slots 14.9 ms, 200 slots  14.7 ms
Version 2:
600 slots 14.3 ms, 400 slots 14.3 ms, 200 slots 14.3 ms

	OPPO[20][42][74]
	Wake-up scheme for  DRX
	4.3%-26.75%
	FTP: 4.3%
IM: 26.75%
	
	FTP: 0.01%
IM: 0.005%
	Traffic model: FTP3, IM
CDRX config:
FTP: (160, 100, 8)
IM: (320, 80, 10)
	

	CMCC [72]
	CSI measurements in advance of DRX ON 
	39%
	
	
	
	SLS
FTP3: 0.5Mbytes, 200ms
CDRX=(160, 100, 10)
	

	Spreadtrum [R1-1902734]
	[bookmark: _GoBack]WUS with optimization (low power WUS + low transition power + short gap to WU) before DRX-ON
	29% ~ 49%
	FTP: 45%~49%
IM: 42%~45%
VoIP: 29%~35%
	
	
	Numerical simulation
CDRX config (cycle, on-dur.): FTP/Video (160, 8), IM (320, 10), VoIP (40, 4)
Baseline: WUS is not used
	



Power saving scheme with multi-DRX configurations
	Company
	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Huawei [16][57]
	DCI explicitly indicating restarting inactivity timer
	6.7% ~ 37.5%
	Average power: (23.0 / 21.5) ~ (55.6 / 34.7)
	UPT: 10.9%~40.5%
Latency: 2.7%~49.1%
	none
	Eval. method: SLS
DRX config: (160, 100, 8), (160, 40, 8)
	Single UE in a cell, and with different traffic model for packet size and data arrival rate are corresponding to 0.1/200, 0.1/100, 0.5/200, 0.5/100(Mbytes / ms) respectively.

	Vivo [58]
	UE report preferred CDRX configuration
	4%-80%
	4%-57% for UE of 5 percentile SINR
	Average packet Latency: 87.61 ms;
Latency increase: 2%-74%
	Marginal
	Numerical simulation
Baseline assumption: non-UE preferred CDRX configuration;
Traffic model: ftp model 3
	

	
	
	
	8%-77% for UE of 50 percentile SINR
	Average packet Latency: 81.19 ms;
Latency increase: 2%-94%
	
	
	

	
	
	
	11%-80% for UE of 95 percentile SINR
	Average packet Latency: 80.43 ms;
Latency increase: 2%-95%
	
	
	

	Mediatek [18][40][59]
	DRX parameters adaptation with UE assistance
	42.09 ~ 70.06%
	FTP/Video: 42.09%
IM: 70.06%
	Latency Increment:
FTP/Video: 30.04%
IM: 323.14%
	RU increment:
FTP/Video: -0.61%
IM: 4.54%
	CDRX config:
FTP/Video (160, 8, 20)
IM (1280, 10, 20)
	

	Sony[22][56][63]
	Dynamic DRX indication
	7-9%
	{IT=100,DRX=2}: 7%
{IT=40,DRX=2}: 9%
	3.9ms
	None (spare resource used)
	Numerical simulation. FTP3 0.5Mbyte
Baseline: 160/100/8
	Adaptation of length of the DRX_ON period

Latency is increase relative to baseline (100ms IT baseline latency is 47ms) 

	Sony[22][56][63]
	Dynamic DRX Configuration 
	48%
	-
	
	
	Analytical Evaluation. FTP3 0.1Mbytes, Mean inter-arrival time 2 sec.
Baseline: 320/80
	

	Apple [68]
	1) UE knows the current running application in device and its traffic pattern (delay, throughput, periodicity, etc).
2) UE can determine a DRX configuration which works best with the current application. 
3) UE can send DRX configuration recommendation to gNB.
4) If the application is terminated or done with file transfer, then UE can recommend different DRX configuration (e.g., with relaxed DRX cycles).
	53~69%
	52% for DRX2
48% for DRX3
46% for DRX4
33% for DRX5

All w.r.t DRX1
	41.3Mbps
for all DRX configurations
Mean delay=16.24, 29.82, 29.42, 59.99 ms for DRX1/2/3/4/5

	
	Evaluation Method = LLS,

Baseline configuration = DRX1,

Traffic type = FTP
	DRX1=(10,10,4)
DRX2=(40,10,4)
DRX3=(40,25,4)
DRX4=(160,100,8) 
DRX5=(320,200,10)

	
	
	13~56%
	13% for DRX1
56% for DRX2
25% for DRX3
15% for DRX4

All w.r.t DRX5
	
	
	Evaluation Method = LLS,

Baseline configuration = DRX5,

Traffic type = VoIP
	

	Nokia, NSB [51]
	DRX incl. short DRX (as per MAC specification 38.321). Evaluated for FTP3 and web browsing (4 s reading time)
	FTP3: Short DRX i -36.9 %;
Short DRX ii +29.6 %
Short DRX iii +46.7 %
Web:
Short DRX i -279.7 %;
Short DRX ii -167.3 %
Short DRX iii -37.4 %

	Short DRX i: 20 ms DRX cycle, 5 ms inactivity timer, 4 ms On Duration, 10 ms short DRX cycle, 10 short cycles
Short DRX ii: 40 ms DRX cycle, 5 ms inactivity timer, 4 ms On Duration, 20 ms short DRX cycle, 5 short cycles
Short DRX iii: 80 ms DRX cycle, 5 ms inactivity timer, 8 ms On Duration, 40 ms short DRX cycle, 3 short cycles
	FTP3:
Short DRX i -88.9 %;
Short DRX ii -69.0 %
Short DRX iii -33.4 %
Web:
Short DRX i -90.6 %;
Short DRX ii -71.5 %
Short DRX iii -41.2 %
	Limited overhead during RRC configuration of short DRX
	Short DRX schemes compared to baseline: 160 ms DRX cycle, 100 ms inactivity timer, 8 ms On Duration.

	FTP3: 
Baseline: 145342876 units, short DRX i: 198960000 units, short DRX ii: 102274284 units, short DRX iii: 77486778 units,
Baseline 46.7 ms, short DRX i	5.2 ms, short DRX ii	14.5 ms, short DRX iii	31.1 ms
Web:
Baseline: 45016524 units, short DRX i  170939164 units, short DRX ii 75298707 units, short DRX iii 61838460 units,
Baseline 49.5 ms, short DRX I 4.66 ms, short DRX ii 14.1 ms, short DRX iii 29.1 ms


	OPPO[20][42][74]
	Adaptation of Inactivity timer
	42.5% ~ 44.28%
	FTP: 44.28%
IM: 42.5%
	
	FTP: About 0.0025%
IM: About 0.0025%
	Traffic model: FTP3, IM
CDRX config:
FTP: (160, 100, 8)
IM: (320, 80, 10)
	

	Intel [73]
	Dynamic DRX operation: inactivity timer adaptation by WUS
	33.83% to 58% 
w.r.t C-DRX
	58% for Case 1

42.97% for Case 2

33.83% for Case 3
	71.5527ms Case 1

63.770ms for Case2

60.067ms
for Case 3


	0.0021% for Case1

0.0019% for Case 2

0.0018% for Case 3
	CDRX config:
Case 1(160, 20 or 40,4), Case 2(160,40 or 60,4), Case 3(160,50 or 100,4)

Numerical evaluation for single UE case, assuming a 0.5Mbytes packet takes 5 slots to complete for the considered 50% geometry. No HARQ retransmission is assumed. AL = 8 is assumed for PDCCH based WUS. Inactivity timer value is set by WUS and during DRX ON, inactivity timer restarts anytime PDCCH is received.
	High power saving gain can be achieved by dynamically indicating inactivity timer in WUS based on traffic arrival



Adaptation to achieve reducing PDCCH monitoring/decoding
: Power saving scheme with UE adaptation to reduce PDCCH monitoring
	Company
	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Huawei [57]
	Go-to-sleep (GTS) signaling
	9.22% ~ 27.31%
	Average power: (76.45/69.40)~ (97.75/71.05)
	UPT: 5.58%~39.15%
Latency: 0.04%~18.69%
	1.45*10-6 ~ 1.24*10-4
	SLS
DRX config: (320, 200, 10), (320, 80, 10), (160, 100, 8), (160, 40, 8), (40, 25, 4), (40, 10, 4)
	10 UEs in a cell

	Vivo [39][58]
	Dynamic switching of PDCCH monitoring periodicities by DCI
	0%-83%
	0%-74% (for gaming, and for all UE)
	Average packet Latency: 20.30-40.40 ms;
Latency increase: 0%-140%
	No overhead (use the additional bits in scheduling DCI)
	Numerical simulation; 
Baseline assumption: 
1)Fixed PDCCH monitoring periodicity without CDRX;
2)CDRX;
Traffic: gaming and ftp model 3
	

	
	
	
	6%-59% (for FTP3, and for UE of 5 percentile SINR)
	Average packet Latency: 37.41-106.62 ms;
Latency increase:
 -90% -84%
	
	
	

	
	
	
	3%-80% (for FTP3, and for UE of 50 percentile SINR)
	Average packet Latency: 28.13-101.53 ms;
Latency increase:
 -92% -115%
	
	
	

	
	
	
	2%-83% (for FTP3, and for UE of 95 percentile SINR)
	Average packet Latency: 27.26-100.88 ms;
Latency increase:
 -92% -118%
	
	
	

	Vivo [39][58]
	DCI explicit indication of PDCCH monitoring occasions within a periodicity
	0%-83%
	0%-57% (for gaming and for all UE)
	Average packet Latency: 20.81 ms;
Latency increase: 3%-24%
	One PDCCH per 40 ms
	Numerical simulation; 
Baseline assumption: 
1)Fixed PDCCH monitoring periodicity without CDRX;
2)CDRX;
Traffic: gaming and ftp model 3
	

	
	
	
	6%-59% (for FTP3, and for UE of 5 percentile SINR)
	Average packet Latency: 40.11-119.45 ms;
Latency increase: -89%-106%
	One PDCCH per 50, 160 and 200 ms
	
	

	
	
	
	3%-80% (for FTP3, and for UE of 50 percentile SINR)
	Average packet Latency: 29.37-105.25 ms;
Latency increase:
 -92% -122%
	One PDCCH per 50, 160 and 200 ms
	
	

	
	
	
	2%-83% (for FTP3, and for UE of 95 percentile SINR)
	Average packet Latency: 28.23-103.65 ms;
Latency increase:
 -92% -124%
	One PDCCH per 50, 160 and 200 ms
	
	

	Vivo [39][58]
	Adaptation of CORSET/search space configuration – HARQ-ACK based indication (UE monitoring of PDCCH search space for retransmission is triggered by decoding failure of SPS PDSCH)
	20%
	20%
	Average packet Latency: 1 ms;
Latency increase: 0%
	No overhead
	Numerical simulation; 
Baseline assumption: UE monitoring of PDCCH search space for retransmission is configured by RRC;
Traffic: VoIP
	

	Vivo [58]
	UE report preferred PDCCH monitoring parameters
	85%
	85%
	Average packet latency: 20.30ms;
Latency increase: The delay requirement of gaming (60ms) can be fulfilled.*
	Marginal
	Numerical simulation; 
Baseline assumption: Fixed PDCCH monitoring periodicity of 0.5ms;
Traffic model: gaming
	

	Mediatek [18][40][59]
	PDCCH period adaptation via DCI
	22.42% ~ 33.33%
	FTP/Video: 33.33%
IM: 30.76%
VoIP: 22.42%
	Latency Increment:
FTP/Video: 15.27%
IM: 1.25%
VoIP: 7.90%
	RU Increment:
FTP/Video: -1.25%
IM: 0%
VoIP: -1.02%
DCI Overhead (w.r.t. data DCI):
FTP/Video: 6.03%
IM: 43.78%
VoIP: 95.30%
	CDRX config:
FTP/Video (160, 100, 8)
IM (320, 80, 10)
VoIP (40, 10, 4)
	PDCCH period is adapted to 8 slot after DCI indication during data inactivity

	Mediatek [59]
	Skipping PDCCH for a specified time via DCI
	22.44% ~ 33.17%
	FTP/Video: 33.17%
IM: 30.76%
VoIP: 22.44%
	Latency Increment:
FTP/Video: 14.62%
IM: 1.28%
VoIP: 7.82%
	RU Increment:
FTP/Video: -1.34%
IM: 0%
VoIP: -1.02%
DCI Overhead (w.r.t. data DCI):
FTP/Video: 93.91%
IM: 1250.81%
VoIP: 286.02%
	CDRX config:
FTP/Video (160, 100, 8)
IM (320, 80, 10)
VoIP (40, 10, 4)
	Repeatedly skipping 7 slots of PDCCH monitoring after DCI indication during data inactivity

	Mediatek [59]
	PDCCH period adaptation via time-out
	6.48% ~ 29.94%
	FTP/Video: 29.94%
IM: 28.47%
VoIP: 6.48%
	Latency Increment:
FTP/Video: 14.94%
IM: 1.26%
VoIP: 0.75%
	RU Increment:
FTP/Video: -0.95%
IM: 0%
VoIP: 0%
DCI Overhead (w.r.t. data DCI):
FTP/Video: 0%
IM: 0%
VoIP: 0%
	CDRX config:
FTP/Video (160, 100, 8)
IM (320, 80, 10)
VoIP (40, 10, 4)
	PDCCH period is adapted to 8 slot after time-out during data inactivity

	Mediatek [59]
	Joint Power Saving Adaptation by extended BWP framework
	35.14% ~ 45.09%
	FTP/Video: 35.14%
IM: 45.09%
VoIP: 35.53%
	Latency Increment:
FTP/Video: 71.99%
IM: 164.41%
VoIP: 15.02%
	RU Increment:
FTP/Video: -1.04%
IM: 1.30%
VoIP: -5.10%
	CDRX config:
FTP/Video (160, 100, 8)
IM (320, 80, 10)
VoIP (40, 10, 4)
	

	CATT[21][60]
	Power saving signal trigger PDCCH reduction and power saving reference signal for channel tracking, CSI measurement.
	 50.3%-65.9%
	ftp3 with 320ms DRX-cycle:50.3%
IM with 160ms DRX-cycle:65.9%
	--
	Power saving signal is smaller PDCCH overhead.
	SLS with 10UE per TRP to get transmission rate, and observed one single UE for power consumption.
Baseline: R15DRX scheme, considering procedure of channel tracking, CSI measurement. FTP3 with 0.5Mbytes and 200ms inter-arrival time, IM with 0.1Mbytes and 2s inter-arrival time
	

	ZTE [19][41][61] 
	Search space skipping
	[15%-89%]	Comment by Qualcomm: Can the square brackets be removed?
	PDCCH search space configuration (periodicity- duration ) without DRX:
40-4: 15%
40-4: 33%
160-8: 55%
160-8: 76%
320-10: 76%
320-10: 89%
	
	
	Numerical simulation;
Baseline :DRX configuration (40-10-4, 40-25-4, 160-40-8, 160-100-8, 320-80-10, 320-200-10)
FTP3 with 0.1Mbytes and 200ms inter-arrival time
	

	ZTE [19][41][61] 
	PDCCH monitoring periodicity adaptation during the DRX active time
	25%
	FTP traffic:25.43%
Instant Message:25.89%
	
	
	Numerical simulation;
FTP traffic:160-100-8
Instant Message:320-80-10
Baseline: PDCCH monitoring at each slot during DRX active time
	

	LG[46][62]
	PDCCH monitoring periodicity adaptation during the DRX active time based on actual transmission
	22.01%-36.17%
	
	UPT loss:
1.60%-4.33%
	
	Traffic model: FTP3 with file size 0.5Mbps,
DRX configuration (160,100,8)
	Reference schemes: PDCCH monitoring periodicity: 1 slot, K0=0

	LG[46][62]
	GTS triggering sleep
(1) Via MAC message
(2) Via L1 signaling
	(1) 44.12%-75.72%
(2) 45.56%-78.43%
	
	UPT loss:
(1) 27.30%-41.57%
(2) 30.60%-43.02%
	
	Traffic model: FTP3 with file size 0.5Mbps,
DRX configuration (160,100,8)
	Reference schemes: PDCCH monitoring periodicity: 1 slot, K0=0

	Sony[22][63]
	Reduced PDCCH monitoring while the inactivity timer is running
	20-34%
	N=2: 20%
N=4: 30%
N=8: 34%
	N=2:0.7ms
N=4:2.1ms
N=8:5.4ms
	0
	Numerical simulation. FTP3 0.5Mbyte

Baseline: 160/100/8
	“N” is number of slots between which PDCCH is monitored in inactivity period. PDCCH monitored for 1 slot

Latency is increase relative to baseline (full monitoring baseline latency is 47ms)

	Samsung [34][64]
	Dynamic scaling of PDCCH monitoring periodicity/duration based on implicit adaptation criteria based on real-time detection results of DCI formats for scheduling PDSCH/PUSCH.  
	63.8%
	Implicit adaptation criteria with parameters, (X1/X2/alpa/beta) = 
(1/1/0.5/0.5)


	1.66Gbps/0.52ms
	no
	No C-DRX,
FTP3 traffic model w/ mean of inter-packet arrivals = 4ms
	Single UE. 

One PDSCH over 10 symbols in one slot is capable of carrying 868584 information bits. 


	Samsung [34][64]
	Reduction on PDCCH candidates in achieving PDCCH blind decoding reduction
	26.7%/26%,24.5%,21.3%,15.1%,2.7%

28.9%/28.1%/26.5%/23.2%/16.5%/3.3%
	Number of BDs  equals to 1/2/4/8/16/32
w/ CDRX

Number of BDs  equals to 1/2/4/8/16/32
w/o CDRX
	19Mbps/45.6ms


1.7Gbps/0.5ms
	DCI based power saving signal for triggering adapation  with monitoring, T = 1024ms  
	FTP3 traffic model w/ mean of inter-packet arrivals = 200ms

	Single UE. 

One PDSCH over 10 symbols in one slot is capable of carrying 868584 information bits. 


	Samsung [34][64]
	Dynamic PDSCH reception without PDCCH
	38.7%
	RS based power saving signal for PDSCH reception indication with monitoring periodicity of 1slot/0.5ms
	1.68Gbps/0.52ms
	PDCCH DMRS like power saving signal is considered for PDSCH reception indication. 
	No C-DRX,
FTP3 traffic model w/ mean of inter-packet arrivals = 8ms

	Single UE. 
One PDSCH over 10 symbols in one slot is capable of carrying 868584 information bits.

	Interdigital
	Reduced PDCCH monitoring
	[28.1% - 50.7%]
	FTP (A): 28.1%, 27.1%, 24.2%
IM (A): 50.1%, 50.7%, 33.8
IM (B): 49.6%, 33.5%, 32.0%
	IM (B) Latency increases by 116%, 50%, 56%
	
	SLS

Case 1(160, 100, 8), Case 2 (40, 25, 4),
Case 3(40, 10, 4)
Case 4(320, 80, 10)

FTP (Case 1, 2, 3)
IM (Case 2, 3, 4)
	Higher gain observed for IM traffic with shorter DRX cycle. Method B increases latency for IM traffic. Method A: inform UE of scheduling pattern in advance.
Method B: increase PDCCH monitoring periodicity.

	Apple[55][68]
	1) gNB can send sleep indication to UE to make UE enter sleep state (e.g., skipping PDCCH ) for specified amount of time.
2) UE enters sleep state (e.g., skipping PDCCH monitoring) for the specified amount of time once it receives sleep indication from gNB.
	 37%~71%
	71% for low load when mean inter-grant arrival T is 20 slots.
55% for medium load (T=10)
37% for high load (T=5)
	
	
	Evaluation Method = Mathematical Analysis

Baseline has no DRX considered.
	DRX1=(10,10,4)
DRX2=(40,10,4)
DRX3=(40,25,4)
DRX4=(160,100,8) 
DRX5=(320,200,10)

	
	1) gNB can send sleep indication (e.g., when DL queue is empty) to make UE enter sleep state until next ON duration.
2) If UE receives sleep indication, UE sleeps (e.g., skip PDCCH monitoring) until the next ON duration.
	57~69%
	69% for DRX5
57% for DRX4
	20Mbps
	
	Evaluation Method = LLS,
DRX5=(320,200,10)
DRX4=(160,100,8)
Baseline has no GTS signal
	

	Qualcomm [30][48][70]

	PDCCH skipping

	Ideal indication: 
11.4 ~ 47.3%

	For PDCCH period
1 slot:  47.3%
2 slots: 31.5%
4 slots: 19.3%
8 slots: 11.4%
	Latency increase for PDCCH period
1 slot: 0.57%
2 slot: 0.80%
4 slot: 1.37%
8 slot: 2.50%
	
	SLS
FR1, no DRX
FTP3, , genie-aided PDCCH skipping indication
	· Gain in average power consumption
· Baseline latency: 87.6ms (PDCCH period 1 slot)

	
	
	SFI-based indication:
7.8% ~ 44.6%
	For PDCCH period
1 slot:  44.6%
2 slots: 28.5%
4 slots: 16.0%
8 slots: 7.8%
	Latency increase for PDCCH period
1 slot: 0.57%
2 slot: 0.80%
4 slot: 1.37%
8 slot: 2.50%

	Signaling overhead: skipping indication (SFI) transmitted at rate of 20.75%
	SLS
FR1, no DRX
FTP3, , SFI-based PDCCH skipping indication with periodicity of 8 slots
	

	
	
	Ideal indication: 
21.4 ~ 67%
	For PDCCH period
1 slot:  67.0%
2 slots: 50.7%
4 slots: 34.4%
8 slots: 21.4%
	Latency increase for PDCCH period
1 slot: 0.46% 
2 slot: 0.91%
4 slot: 1.37%
8 slot: 2.74%
	
	SLS
FR2, no DRX
FTP3, , genie-aided PDCCH skipping indication
	· Gain in average power consumption
· Baseline latency: 21.9ms (PDCCH period 1 slot)

	
	
	SFI-based indication:
11.9 ~ 62.3%
	For PDCCH period
1 slot:  62.3%
2 slots: 44.4%
4 slots: 26.4%
8 slots: 11.9%
	Latency increase latency for PDCCH period
1 slot: 0.46% 
2 slot: 0.91%
4 slot: 1.37%
8 slot: 2.74%
	Signaling overhead: skipping indication (SFI)
transmitted at rate of 20.75%
	SLS
FR2, no DRX
FTP3, , SFI-based PDCCH skipping indications with periodicity of 8 slots.
	

	
	
	Ideal indication: 
15.2 ~ 53.5%
	For PDCCH period
1 slot:  53.5%
2 slots: 37.6%
4 slots: 24.3%
8 slots: 15.2%
	Latency increase for PDCCH period
1 slot: 0.14%
2 slot: 0.28%
4 slot: 0.42%
8 slot: 0.84%
	
	SLS
FR2, CDRX config = (160, 100, 4)
FTP3, , genie-aided PDCCH skipping indication
	· Gain in average power consumption
· Baseline latency: 71.85ms (PDCCH period 1 slot

	
	
	Ideal indication: 
30.9 ~ 61.8%
	For PDCCH period
1 slot:  61.8%
2 slots: 49.0%
4 slots: 38.2%
8 slots: 30.9%
	Latency increase for PDCCH period
1 slot:0.13%
2 slot:0.25% 
4 slot:0.37% 
8 slot:0.75% 
	
	SLS
FR2, CDRX config = (160, 40, 4)
FTP3, , genie-aided PDCCH skipping indication
	· Gain in average power consumption
· Baseline latency: 80.25ms (PDCCH period 1 slot)

	Nokia, NSB [37][51]
	Reduce PDCCH blind decoding
	[3-24%]
	
	
	
	DRX configuration (160, 40, 8)
Trafic model FTP3
	Impact of limiting number of blind decoding candicates evealuated in [(R1-1903137)] showing that limitation has negative impact to the blocking probability.

	OPPO[20][42][74]
	PDCCH skipping
	[49.3% and 75.52%]
	FTP: 45.77%
IM: 60.82%
	
	FTP: 0.3%
IM: 0.3%
	System level simulation.
Traffic model: FTP3 and IM 
CDRX config:
FTP: (160, 100, 8)
IM: (320, 80, 10)
	

	Intel [45][65]
	Power saving signal (go-to-sleep signal) triggering UE go to sleep for the specified amount of time
	48.5-71.5%
	48.52%
	54.41 MBps
	100.12 ms
	
	5% 
	FTP model 3
160, 100, 8
	

	
	
	
	58.64%
	71.37 MBps
	72.01 ms
	
	50% 
	
	

	
	
	
	61.93%
	73.24 MBps
	68.8 ms
	
	95% 
	
	

	
	
	
	66.96%
	5.36 MBps
	156.94 ms
	
	5% 
	Instant Messaging
320, 80, 10
	

	
	
	
	67.74%
	5.59 MBps
	153.68 ms
	
	50% 
	
	

	
	
	
	68.35%
	5.36 MBps
	158.24 ms
	
	95% 
	
	

	
	
	
	58.93%
	0.0164 MBps MBps
	23.81 ms
	
	5% 
	VoIP
40, 10, 4
	

	
	
	
	59.93%
	0.0148 MBps
	27.14 ms
	
	50% 
	
	

	
	
	
	60.49%
	0.0154 MBps
	26.79 ms
	
	95% 
	
	

	
	
	
	67.03%
	0.0252 MBps
	23 ms
	
	5% 
	Gaming
40, 10, 4
	

	
	
	
	68.82%
	0.0252 MBps
	22.75 ms
	
	50% 
	
	

	
	
	
	68.28%
	0.0289MBps
	21.94 ms
	
	95% 
	
	

	
	
	
	59.57%
	1.98 MBps
	148.81 ms
	
	5% 
	Web browsing
320, 80, 10
	

	
	
	
	59.6%
	2.05 MBps
	145.81 ms
	
	50% 
	
	

	
	
	
	59.67%
	1.94 MBps
	148.17 ms
	
	95% 
	
	

	
	
	
	70.16%
	0.0613 MBps
	19.79 ms
	
	5% 
	Video streaming
40, 10, 4
	

	
	
	
	71.55%
	0.0625 MBps
	19.79 ms
	
	50% 
	
	

	
	
	
	71.42%
	0.0615 MBps
	19.88 ms
	
	95% 
	
	




Result Reporting
Any additional guidelines for result reporting.
Possible topics/issues for discussion:
1. CDRX configuration notation:
· (drx-LongCycle, drx-InactivityTimer, drx-onDuration) in msec
· If drx-onDuration is not present, the value agreed for reference configuration is assumed
· E.g. For the reference CDRX config (160, 100, 8), if (160, 100) is denoted, 8msec ON duration is assumed because it is the reference parameter for FR1.
· Offline conclusion: Okay to use this notation and a note defining the notation will be added to the TR.
2. Ambiguity between GTS and PDCCH skipping
· Current distinction is if the signal triggers UE to go to DRX, it is a GTS scheme and covered in “Adaptation to DRX operation”
· For PDCCH skipping (which is applicable with or without DRX), it is covered in “Adaptation to archieve reducing PDCCH monitoring/decoding
· Maybe worth considering to always group GTS and PDCCH skipping schemes under one category
· Offline conclusion: Okay to group GTS proposals with PDCCH skipping results into the same table, under “Adaptation to archieve reducing PDCCH monitoring/decoding”
3. Finer table categorization
· Some of the table categories is still very broad and the table is very large, e.g. “adaptation to archieve reducing PDCCH monitoring/decoding”
· The following further breakdown for the purpose of table categorization can be discussed:
· New sub-categories in “Adaptation to the variations in frequency”
· SCell power saving
· Enhancements for UE adaptation to different BWP
· “Adaptation to the variations in time” already has 3 sub-categories. No new one is needed.
· New sub-categories in “Adaptation to DRX operation”
· WUS / GTS
· Preparation period
· Adaptation of PDCCH monitoring to DRX states
· New category: “Rel-15 baseline schemes”
· E.g. Rel-15 BWP, MAC-CE-based DRX command, short DRX
· New sub-categories in “Adaptation to achieve reducing PDCCH monitoring/decoding”
· Adaptation of PDCCH monitoring periodicity
· PDCCH skipping
· Offline conclusion: All of above are okay, except that the new category “Rel-15 baseline scheme” will not be created. Instead, Rel-15-optimized schemes will be placed at the top of the table and noted.
4. The following guideline for information to report was agreed in AH1901:
Evaluation results (including power saving gain, UPT/latency, overhead, etc) may be categorized to facilitate alignment across companies according to the following configurations / assumptions:
· FR1, FR2
· DRX configuration 
· (if enabled) DRX cycle, ON duration, inactivity timer
· Any adjustments to recommended DRX configuration
· Traffic model
· Evaluation method: SLS, numerical simulation, numerical analysis
· In case of SLS, any other traffic load assumptions, e.g. number of UEs
· For simulation approach, any additional simulation assumptions
· UE SINR assumption
· Average, and/or 95/50/5 percentile
· High, medium, low SINR and/or physical layer throughput
· Whether and how UL is modelled
· Periodic activity modelling assumptions
· Including synchronization/channel tracking, beam management
· Power saving signal/channel power model assumption (if applicable)
· Companies should be clear about some of the above assumptions when reporting results, except for the following which have defaults:
· FR1, FR2: Unless otherwise stated, assume FR1
· Whether and how UL is modelled: Unless otherwise stated, assume DL only
· Periodic activity assumption should be clearly stated. If not stated, it is assumed that periodic activities is not accounted for in the evaluation.
· Offline conclusion: Companies to check and submit updated results to the feature lead if needed.
5. Currently, companies are free to come up with metrics for resource utilization for a power saving scheme and report.
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