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1 Introduction
In the previous SI objective in the approved study items (SI) on Rel-16 enhancements for UE power saving in NR, the description is as follows [1]:
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)
i) Network and/or UE assistance information

ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
And the following was agreed about WUS (wake up signaling) in RAN2#105bis [2]:
Agreements

=>
RAN2 will study the RAN2 impact of wake up signaling to C-DRX.  

=>
Wakeup signaling is linked to C-DRX and is only configured when C-DRX is configured.  If the WUS is not configured legacy operations apply. 

=>
If configured with WUS, UE should monitor for WUS occasions at a known offset before on duration C-DRX.  The offset is up to RAN1 discussion
But how the WUS (wake up signaling) is linked to C-DRX has never been discussed. In this contribution, the possible options and their performances will be discussed.
2 Discussion
2.1 The options of WUS (wake up signaling) linked to C-DRX Ondurations
The WUS (wake up signaling) is not new to NR. Actually, it was first defined in LTE eMTC and NB-IoT and it had been used as the indication whether UE should wake up at the upcoming DRX ON periods for narrow band UE paging occasions. The network can configure the WUS to be applied to one PO or multiple POs. In our understanding, the same configurablibility can be considered in NR for C-DRX. If the UE detects the WUS before the DRX Ondurations, the UE would wake up to receive one or multiple DRX Ondurations. If it does not, it would assume that there is no data for him and will stay in the sleep without waking up for the following one DRX Onduration or multiple DRX Ondurations, which were illustrated in the following figure with option1 and option2. Note that Option2 leads to less WUS signalling overall but brings huge delay when UE skip multiple DRX Ondurations. 
An intermediate scheme was proposed as option3, i.e. if the UE detects the WUS, it would wake up to receive multiple DRX Ondurations. Otherwise, the UE would skip just a single one DRX onduration to avoid the huge delays. In figure1, the solid and dotted areas refer to active Onduration and skipped Onduration respectively. We categorized the schemes of how WUS linked or mapped to DRX Ondurations and the 3 options were illustrated:
· Option1: WUS applying to one Onduration when detected/ WUS applying to one Onduration when not detected;

· Option2: WUS applying to N Ondurations when detected/ WUS applying to N Ondurations when not detected;

· Option2: WUS applying to N Ondurations when detected/ WUS applying to one Onduration when not detected;
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Figure 1 the options of WUS (wake up signaling) linked to C-DRX
To further discuss the performances of WUS linked to C-DRX Ondurations, we bring the simulation results to look at whether those schemes can bring the desired performance. In our contribution, we assume that the traffic model is FTP model 3 with 0.1Mbyte payload and mean inter-arrival time of 200 milliseconds and we used the baseline DRX configuration, i.e.160 ms long DRX cycle or 40 ms long DRX cycle, and 8 ms On Duration with the 10 ms Inactivity Timer. DRX Short cycle is not used. And for PDCCH-based WUS modelling, it is based on roughly 1/3 of the PDCCH-only power level, and also assuming 1/3 of ramp-up/down energy overhead from/to sleep compared to the PDCCH-only case (1/3 ramp-up/down configuration). More details of WUS modelling can be found in our previous paper [3]. For the WUS signalling saving modelling, it is based on WUS with DTX, i.e. a UE detects a wake-up signal (WUS) it will continue to monitor the following Ondurations. If the UE detects nothing, then it will go back to sleep. That is, the gNB does not need to transmit anything (i.e. DTX) in the case the gNB does not try to reach the UE.
We evaluate the following selected sets of parameters as defined in Table 1. The detailed simulation results were put in the appendix.
Table1: Evaluated configurations for FTP model 3(DRX Long Cycles only)
	Case
	WUS Mapping scheme
	DRX cycle (ms) 
	onDuration

(ms)
	Inactivity timer (ms)

	Case11 –DRX Long cycle #1+ Mapping scheme1
	Option1
	40
	8
	10

	Case12 –DRX Long cycle #1+ Mapping scheme2
	Option2
	40
	8
	10

	Case13 –DRX Long cycle #1+ Mapping scheme3
	Option3
	40
	8
	10

	Case21 –DRX Long cycle #2+ Mapping scheme1
	Option1
	80
	8
	10

	Case22 –DRX Long cycle #2+ Mapping scheme2
	Option2
	80
	8
	10

	Case23 –DRX Long cycle #2+ Mapping scheme3
	Option3
	80
	8
	10

	Case31 –DRX Long cycle #3+ Mapping scheme1
	Option1
	160
	8
	10

	Case32 –DRX Long cycle #3+ Mapping scheme2
	Option2
	160
	8
	10

	Case33 –DRX Long cycle #3+ Mapping scheme3
	Option3
	160
	8
	10

	Case4 –DRX Long cycle #4+ Mapping scheme1
	Option1
	480
	8
	10


Based on this, we further bring the performances of these 3 options applied to C-DRX Ondurations of DRX Short Cycles, which is based on the Web browsing using HTTP where more details can be found in our accompanying paper [4]. Obviously, Option2 and Option3 are more suitable for DRX Short Cycles when a packet arrives followed by a bunch of packets where the frequent checking of WUS is not needed. So, we evaluate the following selected sets of parameters as defined in Table 2. The detailed simulation results were put in the appendix. Note that Option1 is used for DRX long Cycles while different WUS mapping schemes are used for DRX Short Cycles for comparison.
Table2: Evaluated configurations for Web browsing using HTTP（Applying to DRX Short Cycles） 
	Case
	WUS Applies to DRX Short Cyles
	DRX cycle (ms) 
	onDuration

(ms)
	Inactivity timer (ms)
	DRX Short cycle
	Number of short cycles

	Case11 –DRX Long cycle +DRX Short cycle
	Option1
	512
	8
	10
	64
	8

	Case12 –DRX Long cycle +DRX Short cycle
	Option2
	512
	8
	10
	64
	8

	Case13 –DRX Long cycle +DRX Short cycle
	Option3
	512
	8
	10
	64
	8

	Case21 –DRX Long cycle +DRX Short cycle
	Option1
	512
	8
	10
	128
	4

	Case22 –DRX Long cycle +DRX Short cycle
	Option2
	512
	8
	10
	128
	4

	Case23 –DRX Long cycle +DRX Short cycle
	Option3
	512
	8
	10
	128
	4

	Case31 –DRX Long cycle +DRX Short cycle
	Option1
	512
	8
	10
	256
	2

	Case32 –DRX Long cycle +DRX Short cycle
	Option2
	512
	8
	10
	256
	2

	Case33 –DRX Long cycle +DRX Short cycle
	Option3
	512
	8
	10
	256
	2


2.2 Simulation analysis
Thus configurations presented in Table 1 were evaluated for power saving and latency point of view. The obtained results are shown in Figure 2. The primary y-axis is the energy consumption while the secondary y-axis is the mean latency. More detailed simulation results can be find in the appendix.

2.2.1 Evaluated configurations for FTP model 3 (DRX Long Cycles only)
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Figure2 Power and delay performances of different WUS mapping options
Discussion on results:
· With the introduction of WUS functionality, it is obvious that WUS provides significant power saving gain. It is shown the power saving gain tends to be higher when the C-DRX cycle is shorter. An example is the DRX Long cycle 40ms case while WUS brings the highest energy consumption gain because of number of DRX cycles not resulting in any PDCCH with the traffic model of mean 200 ms packet arrival interval. For longer C-DRX cycle, smaller gain is observed. 
· Option 2 brings huge delay because a packet arrives after the WUS will be delayed to the next multiple DRX cycles especially when WUS applies to a more aggressive DRX long cycle (i.e. 160ms) which may not be acceptable. Note that Option2 also cause lager power consumption than Option1 since a WUS will cause the wake up of multiple Ondurations. 
It is important to note that such case actually comes from what is effectively a longer DRX cycle. DRX Long cycle 80+ Option2 has achieved exactly the same power saving performance and delay as DRX Long cycle 160 without WUS.
Considering this, RAN2 is suggested not to consider Option2 in NR for power saving even though it does save huge WUS signalling overheads.
· Option 3 seems to be a trade-off between option1 and option2. It causes lager power consumption since a WUS will cause the wake up of multiple Ondurations while having slightly less latency/delay than Option1. It is obvious that it brings significant WUS signalling saving. For DRX long cycles (160ms), as there will be packets arrive almost every DRX cycle, to check the WUS so frequently may not be needed thus larger WUS signalling overhead can be saved. 
The WUS signalling overhead are shown in Figure 3.

[image: image3]
Figure3 WUS signalling overhead of different WUS mapping options
2.2.2 Evaluated configurations for Web browsing using HTTP（Applying to DRX Short Cycles）
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Figure3 Power and delay performances of different WUS mapping options ( Applying to DRX Short Cycles）
Discussion on results:
· Option 2 still brings huge delay even it is applied to DRX Short Cycles which is not desirable and should be ruled out;
· Option3 causes only slightly higher power consumption while having slightly less latency/delay than Option1. It is obvious that options3 brings a huge WUS signalling saving benefits when applying to DRX Short Cycles. As there will be packets arrive almost every DRX cycle, to check the WUS so frequently may not be needed thus larger WUS signalling overhead can be saved. 
So, option3 out performed Option1 and is more suitable for the DRX Short cycles. Whether to introduce it can be introduced further.
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Figure4 WUS signalling overhead of different WUS mapping options ( Applying to DRX Short Cycles）
In view of the results, we have the following proposals:
Proposal 1 Option1 (WUS applying to one Onduration when detected/ WUS applying to one Onduration when not detected) should be the baseline in NR for power saving ;
Proposal 2 Option2 (WUS applying to N Ondurations when detected/ WUS applying to N Ondurations when not detected) should be ruled out.
Proposal 3 Option3 (WUS applying to N Ondurations when detected/ WUS applying to one Onduration when not detected) can be discussed further.
Proposal 4 Option3 (WUS applying to N Ondurations when detected/ WUS applying to one Onduration when not detected) is more suitable for the DRX Short cycles.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 

Proposal 5 Option1 (WUS applying to one Onduration when detected/ WUS applying to one Onduration when not detected) should be the baseline in NR for power saving ;

Proposal 6 Option2 (WUS applying to N Ondurations when detected/ WUS applying to N Ondurations when not detected) should be ruled out.
Proposal 7 Option3 (WUS applying to N Ondurations when detected/ WUS applying to one Onduration when not detected) can be discussed further.
Proposal 8 Option3 (WUS applying to N Ondurations when detected/ WUS applying to one Onduration when not detected) is more suitable for the DRX Short cycles.
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4 Appendix 

4.1.1 Evaluated configurations for FTP model 3 (DRX Long Cycles only)
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4.1.2 Evaluated configurations for Web browsing using HTTP（Applying to DRX Short Cycles）
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wus使用场景 (全爬)

		

								Performance Indicator		Baseline		MAC CE Only		DRX-Skipping 10ms		DRX-Skipping 5ms		10*10						20*5						40*3						80*2

																		w/o WUS		w/ WUS		full		w/o WUS		w/ WUS		full		w/o WUS		w/ WUS		full		w/o WUS		w/ WUS		full

								Power consumption
(Avg Power per unit ms)		39.2338		8.131		16.1095		22.5602		36.26		12.26		16.40		25.84		8.59		13.92		18.78		6.88		10.68		12.40		5.95		8.06

								Average Latency[ms]		43.9473		83.2088		51.3587		46.7635		43.86		50.77		50.77		45.21		52.74		52.74		46.58		53.90		53.90		55.21		61.68		61.68

								User perceived throughput(Mbit/s)		18.2036		9.6144		15.5767		17.1074		18.24		15.76		15.76		17.70		15.17		15.17		17.18		14.84		14.84		14.49		12.97		12.97

										0				0										0		0				0		0						0		0

										0				0										0		0				0		0						0		0





wus使用场景 (全爬)
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MAC CE 测试

		

		Performance Indicator		Baseline		MAC CE Only		MAC CE 增强		DRX-Skipping 10ms		DRX-Skipping 5ms		10*10				20*5				40*3				80*2

														MAC CE 增强		MAC CE+Short cycle		MAC CE 增强		MAC CE+Short cycle		MAC CE 增强		MAC CE+Short cycle		MAC CE 增强		MAC CE+Short cycle

		Power consumption
(Avg Power per unit ms)		39.2338		8.131		6.9775		16.1095		22.5602		26.0987		36.2609		19.4014		25.8366		14.2832		18.7822		9.9398		12.3967

		Average Latency[ms]		43.9473		83.2088		85.7343		51.3587		46.7635		47.5966		43.8555		49.3267		45.2075		50.4301		46.5765		58.7722		55.2143

		User perceived throughput(Mbit/s)		18.2036		9.6144		9.3312		15.5767		17.1074		16.8079		18.2417		16.2184		17.6962		15.8636		17.1761		13.6119		14.4809

				0						0		0				0				0				0				0

				0						0		0				0				0				0				0





总表格(100w) 全爬升

		Performance Indicator		C-DRX		MAC CE-only		DRX-Skipping 5ms		DRX-Skipping 10ms		10*10				20*5				40*3				80*2

												w/o WUS		w/ WUS		w/o WUS		w/ WUS		w/o WUS		w/ WUS		w/o WUS		w/ WUS

		Power consumption
(Avg Power per unit ms)		39.23		8.13		22.56		16.11		36.26		5.04		25.84		5.06		18.78		5.08		12.40		4.95				36.2609		12.3996		25.8366		8.7256		18.7822		7.017		12.3967		6.0823

		Power consumption
(Percent of the baseline)		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%

		Average Latency[ms]		43.95		83.21		46.76		51.36		43.86		50.77		45.21		52.74		46.58		53.90		55.21		61.68

		Average Latency
(Percent of the baseline)		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%

		User perceived throughput(Mbit/s)		18.20		9.61		17.11		15.58		18.24		15.76		17.70		15.17		17.18		14.84		14.49		12.97

		User perceived throughput
(Percent of the baseline)		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%





短周期无WUS的测试数据

		

				测试数据量：100万

				Performance Indicator												10*10				20*5				40*3				80*2

																				ShortWUSUsed		ShortWUSDisabled

				Power consumption
(Avg Power per unit ms)																10.5125465		24.7911385

				Average Latency[ms]																52.3814354552		51.685793731

				User perceived throughput(Mbit/s)																15.2725864239		15.4781409407





新版长周期Mapping测试数据

		

										测试数据量：100万				Mapping比例 1：3				接收WUS全爬升,未接收1/3爬升功耗模型,没监听WUS全爬升

										Performance Indicator												60										120				180				160				480

																						1：1		3：3		3：2		3：1		1：3		1：1		3：2		1：1		3：3		1：1		3：3		1：1		1：3

										Power consumption
(Avg Power per unit ms)												10.1935		12.2296				14.7654		7.5690						6.9602		7.1008

										Average Latency[ms]												29.0287		62.9375				27.0957		81.8858						94.2802		145.4998

										User perceived throughput(Mbit/s)												27.5589		12.7110				29.5249		9.7697						8.4853		5.4983

										WUS OverheadNum												4143		2412				2792		3382						3234		1269

										测试数据量：100万				Mapping比例 1：3				全爬升，加全WUS检测功耗模型

										Performance Indicator												60										120				180				160				480

																						1：1		3：3		3：2		3：1		1：3		1：1		3：2		1：1		3：3		1：1		3：3		1：1		1：3

										Power consumption
(Avg Power per unit ms)												14.3887		13.2828				17.5426		9.0524						7.7377		7.2961

										Average Latency[ms]												29.0287		62.9375				27.0957		81.8858						94.2802		145.4998

										User perceived throughput(Mbit/s)												27.5589		12.7110				29.5249		9.7697						8.4853		5.4983

										WUS OverheadNum												4143		2412				2792		3382						3234		1269





0716数据测试

										测试数据量：10万										接收WUS全爬升,未接收1/3爬升功耗模型,没监听WUS全爬升																																		IAT=100ms，未开MACCE

										Performance Indicator						40								80								160								320								480						160

																no WUS		1：1		3：3		3：1		no WUS		1：1		3：3		3：1		no WUS		1：1		3：3		3:1		no WUS		1：1		3：3		3:1		no WUS		1：1						1：1		3：3		3:1

										Power consumption
(Avg Power per unit ms)						34.1891		11.7995		14.5554		17.6370		18.3796		9.2580		10.9175		12.9639		10.2758		7.2505		7.7539		9.0109		6.1439		5.6206		6.0040		5.9362		4.5893		4.5265				38.8933		35.2373		31.2484		37.1444

										Average Latency[ms]						14.0087		19.3667		46.0640		17.4150		34.3286		39.2751		77.2801		36.0804		77.2689		81.8551		127.3787		78.4000		177.0149		178.2127		222.3149		177.0149		289.3512		289.3512				46.4039		49.8238		98.3082		47.7723

										User perceived throughput(Mbit/s)						57.1072		41.3081		17.3671		45.9374		23.3042		20.3691		10.3520		22.1727		10.3535		9.7734		6.2805		10.2041		4.5194		4.4890		3.5985		4.5194		2.7648		2.7648				17.2399		16.0566		8.1377		16.7461

										WUS OverheadNum						0		429		289		323		0		399		211		247		0		335		143		168		0		253		85		97		0		194				0		252		122		143

										Active Status Ratio						0.21699		0.04837		0.08291		0.09240		0.11443		0.04492		0.06332		0.07320		0.06168		0.03786		0.04396		0.05163		0.03506		0.03022		0.03584		0.03314		0.13488		0.02353				0.3530		0.32352		0.28393		0.33870

										测试数据量：10万										全爬升，加全WUS检测功耗模型																																		IAT=100ms，未开MACCE

										Performance Indicator						40								80								160								320								480						160

																no WUS		1：1		3：3		3：1		no WUS		1：1		3：3		3：1		no WUS		1：1		3：3		3:1		no WUS		1：1		3：3		3:1		no WUS		1：1						1：1		3：3		3:1

										Power consumption
(Avg Power per unit ms)						34.1891		18.7259		16.3811		22.7692		18.3796		12.1088		11.6076		14.6690		10.2758		8.2220		7.9750		9.4229		6.1439		5.8182		6.0676		6.0133		4.5893		4.5734				38.8933		36.2552		31.4804		37.6209

										Average Latency[ms]						14.0087		19.3667		46.0640		17.4150		34.3286		39.2751		77.2801		36.0804		77.2689		81.8551		127.3787		78.4000		177.0149		178.2127		222.3149		177.0149		289.3512		289.3512				46.4039		49.8238		98.3082		47.7723

										User perceived throughput(Mbit/s)						57.1072		41.3081		17.3671		45.9374		23.3042		20.3691		10.3520		22.1727		10.3535		9.7734		6.2805		10.2041		4.5194		4.4890		3.5985		4.5194		2.7648		2.7648				17.2399		16.0566		8.1377		16.7461

										WUS OverheadNum						0		429		289		323		0		399		211		247		0		335		143		168		0		253		85		97		0		194				0		252		122		143

										Active Status Ratio						0.21699		0.04837		0.08291		0.09240		0.11443		0.04492		0.06332		0.07320		0.06168		0.03786		0.04396		0.05163		0.03506		0.03022		0.03584		0.03314		0.13488		0.02353				0.3530		0.32352		0.28393		0.33870





100万组数据测试

						测试数据量：100万						接收WUS全爬升,未接收1/3爬升功耗模型,没监听WUS全爬升

						Performance Indicator		40								80								160								480

								no WUS		1：1		3：3		3：1		no WUS		1：1		3：3		3：1		no WUS		1：1		3：3		3:1		no WUS		1：1

						Power consumption
(Avg Power per unit ms)		34.2413		11.8431		14.5101		17.6831		18.3841		9.2142		10.7480		12.8016		10.2757		7.2650		7.6044		8.8794		4.4202		4.2936

						Average Latency[ms]		13.9240		19.7623		45.2979		18.1828		33.9144		39.4136		77.3328		37.0272		78.7535		83.2340		130.8658		80.8552		300.8643		302.4715

						User perceived throughput(Mbit/s)		57.4549		40.4811		17.6609		43.9976		23.5888		20.2976		10.3449		21.6058		10.1583		9.6115		6.1131		9.8942		2.6590		2.6449

						WUS OverheadNum		0		4320		2885		3239		0		3956		2086		2430		0		3362		1388		1636		0		1885

						Active Status Ratio		0.21744		0.04870		0.08254		0.09272		0.11448		0.04461		0.06187		0.07196		0.06165		0.03794		0.04289		0.05062		0.02307		0.02143

						测试数据量：100万						全爬升，加全WUS检测功耗模型

						Performance Indicator		40								80								160								480

								no WUS		1：1		3：3		3：1		no WUS		1：1		3：3		3：1		no WUS		1：1		3：3		3:1		no WUS		1：1

						Power consumption
(Avg Power per unit ms)		34.2413		18.7615		16.3348		22.8024		18.3841		12.0764		11.4451		14.5469		10.2757		8.2324		7.8376		9.3290		4.4202		4.3599

						Average Latency[ms]		13.9240		19.7623		45.2979		18.1828		33.9144		39.4136		77.3328		37.0272		78.7535		83.2340		130.8658		80.8552		300.8643		302.4715

						User perceived throughput(Mbit/s)		57.4549		40.4811		17.6609		43.9976		23.5888		20.2976		10.3449		21.6058		10.1583		9.6115		6.1131		9.8942		2.6590		2.6449

						WUS OverheadNum		0		4320		2885		3239		0		3956		2086		2430		0		3362		1388		1636		0		1885

						Active Status Ratio		0.21744		0.04870		0.08254		0.09272		0.11448		0.04461		0.06187		0.07196		0.06165		0.03794		0.04289		0.05062		0.02307		0.02143





0716数据分析

		

				P.S. 这里给出的数值只能展示趋势，和真实数据有差异，真实结果请参考0716数据测试中的结果

				爬升种类		周期长度		Mapping比例		PDCCH+PDSCH状态下的能耗		PDCCH-only状态下的能耗		Active状态下的总共能耗		WUS未接收数		WUS个数		PDCCH-only时间占比		PDCCH+PDSCH时间占比		Active状态时间占比		监测到WUS所带来的额外爬升功耗		未监测到WUS所带来的额外爬升功耗		总共的功耗

				全爬升		40		no WUS		68700		2147000		2215700		0		0		21.4700%		0.2290%		21.6990%		0		0		2215700

								1:1 mapping		67500		461200		528700		2071		2500		4.6120%		0.2250%		4.8370%		193050		931950		1653700

								3:3 mapping		60900		808800		869700		545		834		8.0880%		0.2030%		8.2910%		130050		245250		1245000

								3:1 mapping		67950		901350		969300		1532		1855		9.0135%		0.2265%		9.2400%		145350		689400		1804050

						80		no WUS		63900		1123000		1186900		0		0		11.2300%		0.2130%		11.4430%		0		0		1186900

								1:1 mapping		62700		428300		491000		851		1250		4.2830%		0.2090%		4.4920%		179550		382950		1053500

								3:3 mapping		53550		615350		668900		206		417		6.1535%		0.1785%		6.3320%		94950		92700		856550

								3:1 mapping		63450		710850		774300		509		756		7.1085%		0.2115%		7.3200%		111150		229050		1114500

						160		no WUS		53550		598950		652500		0		0		5.9895%		0.1785%		6.1680%		0		0		652500

								1:1 mapping		52800		361000		413800		290		625		3.6100%		0.1760%		3.7860%		150750		130500		695050

								3:3 mapping		45150		424550		469700		66		209		4.2455%		0.1505%		4.3960%		64350		29700		563750

								3:1 mapping		53250		498550		551800		123		291		4.9855%		0.1775%		5.1630%		75600		55350		682750

						320		no WUS		40350		337150		377500		0		0		3.3715%		0.1345%		3.5060%		0		0		377500

								1:1 mapping		40200		288800		329000		59		312		2.8880%		0.1340%		3.0220%		113850		26550		469400

								3:3 mapping		35250		346650		381900		19		104		3.4665%		0.1175%		3.5840%		38250		8550		428700

								3:1 mapping		40350		317950		358300		23		120		3.1795%		0.1345%		3.3140%		43650		10350		412300

						480		no WUS		30750		237050		267800		0		0		2.3705%		0.1025%		2.4730%		0		0		267800

								1:1 mapping		30750		225050		255800		14		208		2.2505%		0.1025%		2.3530%		87300		6300		349400

				1/3爬升		40		1:1 mapping		67500		461200		528700		2071		2500		4.6120%		0.2250%		4.8370%		193050		310650		1032400

								3:3 mapping		60900		808800		869700		545		834		8.0880%		0.2030%		8.2910%		130050		81750		1081500

								3:1 mapping		67950		901350		969300		1532		1855		9.0135%		0.2265%		9.2400%		145350		229800		1344450

						80		1:1 mapping		62700		428300		491000		851		1250		4.2830%		0.2090%		4.4920%		179550		127650		798200

								3:3 mapping		53550		615350		668900		206		417		6.1535%		0.1785%		6.3320%		94950		30900		794750

								3:1 mapping		63450		710850		774300		509		756		7.1085%		0.2115%		7.3200%		111150		76350		961800

						160		1:1 mapping		52800		361000		413800		290		625		3.6100%		0.1760%		3.7860%		150750		43500		608050

								3:3 mapping		45150		424550		469700		66		209		4.2455%		0.1505%		4.3960%		64350		9900		543950

								3:1 mapping		53250		498550		551800		123		291		4.9855%		0.1775%		5.1630%		75600		18450		645850

						320		1:1 mapping		40200		288800		329000		59		312		2.8880%		0.1340%		3.0220%		113850		8850		451700

								3:3 mapping		35250		346650		381900		19		104		3.4665%		0.1175%		3.5840%		38250		2850		423000

								3:1 mapping		40350		317950		358300		23		120		3.1795%		0.1345%		3.3140%		43650		3450		405400

						480		1:1 mapping		30750		225050		255800		14		208		2.2505%		0.1025%		2.3530%		87300		2100		345200

				注：红色部分因为还包含LightSleep的WUS，因此数据处理不严谨

				IAT=100ms

				爬升种类		周期长度		Mapping比例		PDCCH+PDSCH状态下的能耗		PDCCH-only状态下的能耗		Active状态下的总共能耗		WUS未接收数		WUS个数		PDCCH-only时间占比		PDCCH+PDSCH时间占比		Active状态时间占比		监测到WUS所带来的额外爬升功耗		未监测到WUS所带来的额外爬升功耗		总共的功耗

				全爬升		160		no WUS		60900		3509400		3570300		0		0		35.0940%		0.20%		35.2970%		0		0		3570300

								1:1 mapping		60450		3215050		3275500		252		574		32.1505%		0.2015%		32.3520%		144900		113400		3533800

								3:3 mapping		49650		2822750		2872400		122		196		28.2275%		0.1655%		28.3930%		33300		54900		2960600

								3:1 mapping		60600		3366800		3427400		143		290		33.6680%		0.0202%		33.6882%		66150		64350		3557900

				1/3爬升		160		1:1 mapping		60450		3215050		3275500		252		574		32.1505%		0.2015%		32.3520%		144900		37800		3458200

								3:3 mapping		49650		2822750		2872400		122		196		28.2275%		0.1655%		28.3930%		33300		18300		2924000

								3:1 mapping		60600		3366800		3427400		143		290		33.6680%		0.0202%		33.6882%		66150		21450		3515000





HTTP业务模型测试

		

						测试数据量：1000万				功耗模型采用1/3爬升																														512ms Cycle

						Performance Indicator												10*10				20*5				40*3				80*2						64*8				128*4						256*2

																		ShortWUSUsed		ShortWUSDisabled		ShortWUSUsed		ShortWUSDisabled		ShortWUSUsed		ShortWUSDisabled		ShortWUSUsed		ShortWUSDisabled				ShortWUSUsed		ShortWUSDisabled		ShortWUSUsed		ShortWUSDisabled		Short WUS 3:3		ShortWUSUsed		ShortWUSDisabled

						Power consumption
(Avg Power per unit ms)												2.12091795												1.8562452		2.0714966				1.71957375		2.26709185		1.6685348		1.9034291		1.7256667		1.62931245		1.7158313

						Average Latency[ms]												81.593996063												83.9609683794		83.1704545455				69.0959645669		68.843996063		98.0637351779		97.810770751		138.8535980149		168.4252696456		168.1623009759

						User perceived throughput(Mbit/s)												9.8046429713												9.5282369349		9.6188003826				11.578100183		11.620475942		8.157959704		8.1790583374		5.7614639551		4.74988107		4.7573088341

																																0.11596065						0.3184033834				0.1407787839		0.0342407602				0.0531014478

						测试数据量：1000万				功耗模型采用全爬升

						Performance Indicator												10*10				20*5				40*3				80*2						64*8				128*4						256*2

																		ShortWUSUsed		ShortWUSDisabled		ShortWUSUsed		ShortWUSDisabled		ShortWUSUsed		ShortWUSDisabled		ShortWUSUsed		ShortWUSDisabled				ShortWUSUsed		ShortWUSDisabled		ShortWUSUsed		ShortWUSDisabled		Short WUS 3:3		ShortWUSUsed		ShortWUSDisabled

						Power consumption
(Avg Power per unit ms)												3.27564795												2.9304227		3.0768986				2.51027425		2.88496585		2.3578643		2.5172831		2.3617982		2.26427145		2.3216118

						Average Latency[ms]												81.593996063												83.9609683794		83.1704545455				69.0959645669		68.843996063		98.0637351779		97.810770751		138.8535980149		168.4252696456		168.1623009759

						User perceived throughput(Mbit/s)												9.8046429713												9.5282369349		9.6188003826				11.578100183		11.620475942		8.157959704		8.1790583374		5.7614639551		4.74988107		4.7573088341

																																0.0499845637						0.149263213				0.0676115245		0.0016684166				0.0253239734





HTTP业务模型数据分析

		

										P.S. 这里给出的数值只能展示趋势，和真实数据有差异，真实结果请参考0716数据测试中的结果

										爬升种类		短周期配置		是否使用短周期WUS		PDCCH+PDSCH状态下的能耗		PDCCH-only状态下的能耗		Active状态下的总共能耗		WUS未接收数		WUS个数		PDCCH-only时间占比		PDCCH+PDSCH时间占比		Active状态时间占比		监测到WUS所带来的额外爬升功耗		未监测到WUS所带来的额外爬升功耗		总共的功耗

										1/3爬升		10*10		Enable		306450		2065550		2372000		44060		45962		0.2066%		0.0102%		0.2168%		855900		6609000		9836900

														Disable						0										0.0000%		0		0		0

												80*2		Enable		305250		2057550		2362800		32065		33960		0.2058%		0.0102%		0.2159%		852750		4809750		8025300

														Disable		305250		3698350		4003600		30012		30826		0.3698%		0.0102%		0.3800%		366300		4501800		8871700

										注：红色部分因为还包含LightSleep和MicroSleep的WUS，因此数据处理不严谨

										512ms Cycle

										爬升种类		短周期配置		是否使用短周期WUS		PDCCH+PDSCH状态下的能耗		PDCCH-only状态下的能耗		Active状态下的总共能耗		WUS未接收数		WUS个数		PDCCH-only时间占比		PDCCH+PDSCH时间占比		Active状态时间占比		监测到WUS所带来的额外爬升功耗		未监测到WUS所带来的额外爬升功耗		总共的功耗

										1/3爬升		128*4		Enable		305250		2070350		2375600		20577		22472		0.2070%		0.0102%		0.2172%		852750		3086550		6314900

														Disable		305250		2070350		2375600		18324		18666		0.3872%		0.0102%		0.3974%		153900		2748600		5278100

														Enable Short 3:3Mapping		303900		2634200		2938100		18989		20126		0.2634%		0.0101%		0.2736%		511650		2848350		6298100

												256*2		Enable		293700		1991800		2285500		18954		20777		0.1992%		0.0098%		0.2090%		820350		2843100		5948950

												128*4

												enable WUS		长周期的		wus个数		18665				30826

																WUS未接收数		18323				30012

																WUS接收数		342				814

														短周期		wus个数		3807				3134

																WUS未接收数		2254				2053

																WUS接收数		1553				1081

												disable wus		长周期的		wus个数		18666		无ShortWUS下，信令开销节省比例		30826

																WUS未接收数		18324		0.1694108224		30012

																WUS接收数		342				814		0.5704485488

														短周期		wus个数		0		0

																WUS未接收数		0		0

																WUS接收数		0		0

												256*2

												enable WUS		长周期的		wus个数		18415

																WUS未接收数		18080

																WUS接收数		335

														短周期		wus个数		2362

																WUS未接收数		874

																WUS接收数		1488

												disable wus		长周期的		wus个数		18418

																WUS未接收数		18083

																WUS接收数		335

														短周期		wus个数		0

																WUS未接收数		0

																WUS接收数		0

												64*8

												enable WUS		长周期的		wus个数		18787				30826

																WUS未接收数		18444				30012

																WUS接收数		343				814

														短周期		wus个数		6718				3134

																WUS未接收数		5159				2053

																WUS接收数		1559				1081

												disable wus		长周期的		wus个数		18787				30826

																WUS未接收数		18444				30012

																WUS接收数		343				814

														短周期		wus个数		0

																WUS未接收数		0

																WUS接收数		0





汇总表格

		1/3 爬升																								全 爬升

		Performance Indicator		64*8						128*4						256*2										Performance Indicator		64*8				128*4				256*2

				option1		option2		option3		ShortWUSUsed		option2		option3		ShortWUSUsed		option2		option3								ShortWUSUsed		ShortWUSDisabled		ShortWUSUsed		ShortWUSDisabled		ShortWUSUsed		ShortWUSDisabled

		Power consumption
(Avg Power per unit ms)		1.72		1.81		1.86		1.67		1.73		1.75		1.63		1.66		1.67						Power consumption
(Avg Power per unit ms)		2.51		2.88		2.36		2.52		2.26		2.32

		Average Latency[ms]		69.10		95.53		67.58		98.06		138.85		96.55		168.43		187.27		168.16						Average Latency[ms]		69.10		68.84		98.06		97.81		168.43		168.16

		User perceived throughput(Mbit/s)		11.58		8.37		11.84		8.16		5.76		8.29		4.75		4.27		4.76						User perceived throughput(Mbit/s)		11.58		11.62		8.16		8.18		4.75		4.76

		WUS received during DRX Long cycle		343		373		343		342		410		342		335		417		335						Power consumption
increased		-		14.9%		-		6.8%		-		2.5%

		WUS received during DRX Short cycle		1559		926		950		1553		727		774		1488		599		636

		WUS Overhead saved gain		-		31.7%		32.0%		-		40.0%		41.1%		-		44.3%		46.7%

		Power consumption
increased		-		5.5%		8.0%		-		3.4%		4.8%		-		2.1%		2.5%

		WUS Used Ratio				68.3%		68.0%				60.0%		58.9%				55.7%		53.3%





画图(功耗)

		

		Performance Indicator		64*8						128*4						256*2

				option1		option2		option3		option1		option2		option3		option1		option2		option3

		Power consumption
(Avg Power per unit ms)		1.72		1.81		1.86		1.67		1.73		1.75		1.63		1.66		1.67

		Average Latency[ms]		69.10		95.53		67.58		98.06		138.85		96.55		168.43		187.27		168.16

		User perceived throughput(Mbit/s)		11.58		8.37		11.84		8.16		5.76		8.29		4.75		4.27		4.76

				0

				0





画图(功耗)
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画图(信令)

		

		Performance Indicator		64*8						128*4						256*2

				option1		option2		option3		option1		option2		option3		option1		option2		option3

		WUS Overhead Used Ratio		100.0%		68.3%		68.0%		100.0%		60.0%		58.9%		100.0%		55.7%		53.3%

										0						0

										0						0





画图(信令)
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总表格(300W)

		Performance Indicator		Baseline		MAC CE		PDCCH		PDCCH		10*10				20*5				40*3				80*2

						only		Skipping 5ms		Skipping 10ms		w/o WUS		w/ WUS		w/o WUS		w/ WUS		w/o WUS		w/ WUS		w/o WUS		w/ WUS

		Power consumption (Avg Power per unit ms)		38.6695		8.1343				16.0891										18.7074

		Power consumption (Avg Power per unit ms)		100.00%		21.04%		0.00%		41.61%		0.00%		0.00%		0.00%		0.00%		48.38%		0.00%		0.00%		0.00%

		Average Latency[ms]		43.8174		84.0856				50.4946										46.2470

		Average Latency (Percent of the baseline)		100.00%		191.90%		0.00%		115.24%		0.00%		0.00%		0.00%		0.00%		105.54%		0.00%		0.00%		0.00%

		User perceived throughput(Mbit/s)		18.2576		9.5141				15.8433										17.2984

		User perceived throughput (Percent of the baseline)		100.00%		52.11%		0.00%		86.78%		0.00%		0.00%		0.00%		0.00%		94.75%		0.00%		0.00%		0.00%





数据对比

		Performance Indicator		Baseline		MAC CE Only		DRX-Skipping 10ms		DRX-Skipping 5ms		10*10		20*5		40*3		80*2				Performance Indicator		Baseline		MAC CE Only		DRX-Skipping 10ms		DRX-Skipping 5ms		10*10		20*5		40*3		80*2

												MAC CE+Short cycle		MAC CE+Short cycle		MAC CE+Short cycle		MAC CE+Short cycle														MAC CE+Short cycle		MAC CE+Short cycle		MAC CE+Short cycle		MAC CE+Short cycle

		Power consumption
(Avg Power per unit ms)		39.2338		8.131		16.1095		22.5602		36.2609		25.8366		18.7822		12.3967				Power consumption
(Avg Power per unit ms)		38.6695		8.1343		16.0891								18.7074

		Average Latency[ms]		43.9473		83.2088		51.3587		46.7635		43.8555		45.2075		46.5765		55.2143				Average Latency[ms]		43.8174		84.0856		50.4946								46.2470

		User perceived throughput(Mbit/s)		18.2036		9.6144		15.5767		17.1074		18.2417		17.6962		17.1761		14.4809				User perceived throughput(Mbit/s)		18.2576		9.5141		15.8433								17.2984

				0				0		0		0		0		0		0						0		0		0		0		0		0		0		0

				0				0		0		0		0		0		0						0		0		0		0		0		0		0		0

		100万数据																				300万数据
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