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1 Introduction
In the previous RAN2 meetings, the RAN2 has agreed some impact of PDCCH-WUS to C-DRX. And the following was agreed about PDCCH-WUS in RAN2#107 [1]: 

Agreements

1.
The PDCCH-WUS triggers a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence of the drx-onDurationTimer. 

2.
The PDCCH-WUS is considered jointly with DRX i.e. it is only configured when DRX is configured.

3.
The PDCCH-WUS is monitored at occasions located at a configured offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.

4.
On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.
In this contribution, we discussed the PDCCH-WUS applying to onDurations of DRX Long cycles and DRX Short cycles and their performances will be discussed. 
2 Discussion
2.1 Is it possible that PDCCH-WUS not applying to the DRX short cycles?
The current DRX scheme have 2 DRX cycles, the DRX long cycle and the DRX short cycle. So from UE power saving point of view, a relative long DRX interval can be configured. Then potentially having a lot of data at the gNB or UE for transmission it would take the benefits of DRX Inactivity Timer and the short DRX interval for additional data transmission. It is obvious that the DRX short cycle scheme was introduced for the transmission of more available buffered data. In this case, it is natural that an UE can be configured to monitor PDCCH more frequently when it enters the DRX short cycle. Here comes the idea that the network allows the UE to ignore the WUS or disable WUS for the DRX short cycles.

This principle is illustrated in figure 1.
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Figure 1 the idea of WUS not applying to the DRX short cycles
To further discuss the performances of PDCCH-WUS not applying to the DRX short cycles, we bring the simulation results to look at whether the scheme can bring the desired performance. In our contribution, we assume a representative application which occupy a large part of the whole DoU power contribution [2], i.e. Web browsing using HTTP. And the traffic has characteristic with a web-page consists of a main object and embedded objects (e.g. pictures, advertisements etc). After receiving the main page, the web-browser will parse for the embedded objects [3]. The main DRX parameters to characterize web-browsing can be set: We can use DRX1 (DRX Long cycle) and DRX2 (DRX Short cycle) when mapped to the HTML traffic model and the active UL/DL data traffic is handled using network configured DRX Ondurations and/or DRX inactivity timer showed below[4].
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Figure 2 DRX parameters mapped to the HTML traffic model
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
	Case
	WUS Applies to 
	DRX Long cycle (ms) 
	onDuration

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

	Case10 –DRX Long cycle +DRX Short cycle
	Long and short 
	512
	8
	10
	64
	8

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

	Case20 –DRX Long cycle +DRX Short cycle
	Long and short 
	512
	8
	10
	128
	4

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

	Case30 –DRX Long cycle +DRX Short cycle
	Long and short 
	512
	8
	10
	256
	2

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


And for PDCCH-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 modelling). We also added the simulation results in the appendix of another WUS modelling, i.e. the full ramp-up/down modelling. More details of WUS modelling can be found in our previous paper [5]. For the PDCCH-WUS signalling saving modelling, it is based on PDCCH-WUS with DTX, i.e. a UE detects a 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.
2.2 Simulation analysis
Thus configurations presented in Table 1 were evaluated for power saving and latency point of view for the 1/3 ramp-up/down PDCCH-WUS modelling. 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.
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Figure2 Power and delay performances of different WUS mapping options
Discussion on results:
· With the DRX Short cycle exemption from WUS functionality, it is obvious that it provides slightly lager power consumption than the baseline (31.8%, 14.1%, and 5.3%) since there is no WUS to indicate the skipping of Ondurations even though there is no packet arrives and UE always need to monitor the Ondurations. However, for DRX short cycles, as there will be packets arrive in most DRX Short cycle, not to check the WUS seems reasonable and the saved power for WUS detection compensates this. After all, UE having to wake up once in a while to check the WUS also cause a lot of power overhead. Note that for the full ramp-up/down WUS modelling, it provides smaller increased power consumption than the baseline (14.9%, 6.8%, and 2.5%). More detailed simulation results can be find in the appendix.
WUS not applying to the DRX short cycles especially suits the Web-browsing using HTTP traffic model while majority packets arrive at DRX short cycles. 
What is more, WUS not applying to the DRX short cycles brings huge WUS signalling saving since majority WUS was sent at DRX short cycles.
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Figure3 WUS signalling overhead of different WUS mapping options

Discussion on results:
· Larger amount of WUS signalling overhead (almost 80%) can be saved if UE does not need to check the WUS for DRX short cycles since WUS transmit more frequently for DRX short cycles than for DRX Long cycles if it is used. 
Note that the WUS signalling overheads of the DRX Long cycles and DRX Short cycles are more related to packet arrival distributions rather than the DRX configurations. So we get the similar WUS signalling overhead for different WUS mapping options.  
In conclusion, we have the following observation:
Observation 1: WUS not applying to the DRX short cycles brings huge WUS signalling saving while brings slightly lager power consumption than the baseline (WUS applying to both DRX Long cycles and DRX Short cycles) for HTTP service.
For the aligned configuration between DL SPS and DRX, if the short DRX interval is used for the talk spurt while the relative long DRX interval is used for the silent period, it is obvious that WUS should apply to both DRX Long cycles and DRX Short cycles. Note that during the talk spurt period, UE is only occasionally need to decode PDCCH as there maybe full header packets or RTCP packets or RRC messages. In this case, it is not worth for the UE to wake up for every Onduration and WUS is very useful.
Observation 2: WUS applying to the DRX short cycles would be very useful for the aligned configuration between DL SPS and DRX if the short DRX interval is used for the talk spurt.
In view of the results, we have the following proposals:
Proposal 1 PDCCH-WUS applying to both DRX Long cycles and DRX Short cycles should be the baseline;

Proposal 2 PDCCH-WUS not applying to the DRX short cycles should be supported;
Proposal 3 Whether PDCCH-WUS only applying to the DRX Long cycles or PDCCH-WUS applying to both DRX Long cycles and DRX Short cycles can be configurable by the network. 
3 Conclusions

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

Observation 1: WUS not applying to the DRX short cycles brings huge WUS signalling saving while brings slightly lager power consumption than the baseline(WUS applying to both DRX Long cycles and DRX Short cycles) for HTTP service.
Observation 2: WUS applying to the DRX short cycles would be very useful for the aligned configuration between DL SPS and DRX if the short DRX interval is used for the talk spurt.
Proposal 4 PDCCH-WUS applying to both DRX Long cycles and DRX Short cycles should be the baseline;

Proposal 5 PDCCH-WUS not applying to the DRX short cycles should be supported;

Proposal 6 Whether PDCCH-WUS only applying to the DRX Long cycles or PDCCH-WUS applying to both DRX Long cycles and DRX Short cycles can be configurable by the network. 
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5 Appendix 

5.1 Interactive Traffic: Web-browsing using HTTP [3]
A web-page consists of a main object and embedded objects (e.g. pictures, advertisements etc). After receiving the main page, the web-browser will parse for the embedded objects. The main parameters to characterize web-browsing are: 

The main size of an object SM
The size of an embedded object in a page SE 

The number of embedded objects ND
 Reading time D
Parsing Time for the min page TP
	Parameter
	Statistical Characterization

	Main Object Size SM
	Truncated Lognormal Distribution

Mean=10710 Bytes, Standard Deviation=25032 Bytes, Minimum=100 Bytes, Maximum=2 Mbytes (Before Truncation)
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	Embedded Object Size SE
	Truncated Lognormal Distribution

Mean=7758 Bytes, Standard Deviation=126168 Bytes, Minimum=50 Bytes, Maximum=2 Mbytes (Before Truncation)
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	Number of Embedded Objects per Page =ND
	Truncated Pareto Distribution

Mean=5.64, Maximum=53 (Before Truncation)
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Note: Subtract k from the generated random value to obtain ND

	Reading Time D
	Exponential Distribution

Mean=30 seconds
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	Parsing Time TP
	Exponential Distribution

Mean=0.13 seconds
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5.2 Simulation results

1) 1/3 ramp-up/down WUS modelling:
	Performance Indicator
	64*8
	128*4
	256*2

	
	ShortWUSUsed
	ShortWUSDisabled
	ShortWUSUsed
	ShortWUSDisabled
	ShortWUSUsed
	ShortWUSDisabled

	Power consumption
(Avg Power per unit ms)
	1.72 
	2.27 
	1.67 
	1.90 
	1.63 
	1.72 

	Average Latency[ms]
	69.10 
	68.84 
	98.06 
	97.81 
	168.43 
	168.16 

	User perceived throughput(Mbit/s)
	11.58 
	11.62 
	8.16 
	8.18 
	4.75 
	4.76 

	WUS received during DRX Long cycle
	343 
	343 
	342 
	342 
	335 
	335 

	WUS received during DRX Short cycle
	1559 
	0 
	1553 
	0 
	1488 
	0 

	WUS Overhead saved gain
	-
	82.0%
	-
	82.0%
	-
	81.6%

	Power consumption
increased 
	-
	31.8%
	-
	14.1%
	-
	5.3%

	WUS Used Ratio
	　
	18.0%
	　
	18.0%
	　
	18.4%


2)  Full ramp-up/down WUS modelling:
	Performance Indicator
	64*8
	128*4
	256*2

	
	ShortWUSUsed
	ShortWUSDisabled
	ShortWUSUsed
	ShortWUSDisabled
	ShortWUSUsed
	ShortWUSDisabled

	Power consumption
(Avg Power per unit ms)
	2.51 
	2.88 
	2.36 
	2.52 
	2.26 
	2.32 

	Average Latency[ms]
	69.10 
	68.84 
	98.06 
	97.81 
	168.43 
	168.16 

	User perceived throughput(Mbit/s)
	11.58 
	11.62 
	8.16 
	8.18 
	4.75 
	4.76 

	Power consumption
increased 
	-
	14.9%
	-
	6.8%
	-
	2.5%
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