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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
	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


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.
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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.
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Figure3 WUS signalling overhead of different WUS mapping options
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.
3 Conclusions

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

Proposal 4 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 5 Option2 (WUS applying to N Ondurations when detected/ WUS applying to N Ondurations when not detected) should be ruled out.
Proposal 6 Option3 (WUS applying to N Ondurations when detected/ WUS applying to one Onduration when not detected) can be discussed further.
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