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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref523752768][bookmark: _Ref129681832]During the last meeting RAN1 #95, there were discussions on UE adaptation to the traffic and UE power consumption characteristics. The following power saving schemes operated with DRX mechanism are agreed to be further studied [1]:
Agreements:
For power saving scheme with UE adaptation to the DRX operation for further study
·  UE adaptation of its behavior to the DRX operation for UE power consumption reduction
· Power saving signal as the signal for the indication whether to wake up or not before or at the beginning of DRX ON duration
· At least for the indication of PDCCH monitoring

· Preparation period in advance of DRX ON, e.g., to perform channel tracking, CSI measurements, beam tracking, in preparation for the PDCCH decoding 
· Go-to-sleep signaling as the indication allowing UE going back to sleep state
· Constraints on scheduling DCI during DRX_ON

· Dynamic DRX configuration – parameters could be dynamic adapted to the traffic arrival
· Dynamic selection of DRX configuration from multiple DRX configurations to adapt to the traffic arrival
· Adaptive parameters setting of one DRX configuration 
Other power saving schemes with UE adaptation to the DRX operation are not precluded.
Note: UE background processing, e.g., periodic RRM/CSI measurements, beam management, RLM, time/frequency tracking, needs to be studied in accordance to UE adaptation to DRX operation.
In this paper, system-level simulation results and analysis are provided for the power saving gain by wake up signaling scheme.
Simulation results and analysis for wake up signaling
Simulation assumptions
In this section, we compare the scheme of introducing a wake up signal before DRX cycle begins with legacy C-DRX operation (as baseline) in terms of power consumption, latency, UE perceived throughput (UPT). In our simulations, traffic model of FTP model 3 is simulated under the DRX configurations and packet size with different simulation cases as in Table 1. 
Table 1. Different cases for evaluation
	
	DRX cycle (ms)
	Inactivity Timer
(ms)
	On duration timer (ms)
	Packet size (Mbytes)

	Case 1
	320
	200
	10
	0.1

	Case 2
	320
	200
	10
	0.5

	Case 3
	320
	80
	10
	0.1

	Case 4
	320
	80
	10
	0.5

	Case 5
	160
	100
	8
	0.1

	Case 6
	160
	100
	8
	0.5

	Case 7
	160
	40
	8
	0.1

	Case 8
	160
	40
	8
	0.5

	Case 9
	40
	25
	4
	0.1

	Case 10
	40
	25
	4
	0.5

	Case 11
	40
	10
	4
	0.1

	Case 12
	40
	10
	4
	0.5



The following assumptions are made to simplify the simulations: FR1 UE power model is assumed as agreed in RAN1 94bis [2], the evaluation methodology of slot-level relative power consumption as agreed in RAN1#95 [1] is adopted. All packets can be successfully decoded on the first transmission. Hence HARQ retransmission and associated timers are not used. Single UE is assumed in a cell, thus the data packet of UE will be scheduled immediately after its arrival. In DRX scheme, UE can be configured with a short DRX cycle and a long DRX cycle. For simplicity, only long DRX cycle is configured in the simulation. Other simulation parameters are listed in Table 3 in the Appendix. 
In the simulations, the gap between WUS occasion and first slot of DRX on duration is 3 milliseconds. This gap is used for UE to “wake-up” (e.g. active modem circuit) to get ready for PDCCH monitoring and PDSCH receiving when WUS is detected. As shown in Figure 1, in order to minimize the scheduler impact, no prediction for data arrival is assumed: when one new DRX cycle is coming, the gNB will check whether there is traffic in the buffer at the time of WUS occasion. Then if there is no traffic in the buffer, the WUS will not be transmitted to let UE skip PDCCH monitoring for the whole DRX cycle. Otherwise, the WUS will be transmitted to “wake up” UE. And the relative power values for WUS detection is assumed as 30 power units as analyzed in the companion paper [3]. For the time being, the transition energy between PDCCH detection and sleep state is assumed in the simulation as the power consumption of transition between WUS detection and sleep state. However, it would be possible that the energy consumption due to the transition between WUS detection and sleep state may be smaller, which needs further studied as discussed in [3].
[image: ]
· [bookmark: _Ref533783742]Figure 1. WUS signaling to indicate UE whether to wake up or not before DRX ON duration

Simulation results 
The evaluation results for different cases in terms of time distribution of “PDCCH-only” state, power saving gain, average latency of packets, and UPT are shown in Table 2, along with the ratio of skipped DRX cycles when introducing WUS to analyze the power saving gain obtained from the WUS scheme.
[bookmark: _Ref533793299]Table 2. Performances of WUS for cases as listed in Table 1.
	
	Packet size = 0.1Mbytes
	Packet size = 0.5Mbytes

	Skipped DRX cycle (%)
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	PDCCH-only time (%)
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	Power saving gain (%)
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	Average Latency (ms)
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	UPT (Mbps)
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Analysis of the simulation results
From the simulation results, it can be seen that:
1. The ratio of skipped DRX cycle by WUS scheme is increased when the period of the DRX cycle is reduced:  for shorter DRX cycle as 40ms, more than 80% DRX cycle can be skipped by WUS scheme. Because of the sparseness of the traffic model, shorter DRX cycle can result in higher percentage of empty DRX cycle, and UE can skip these DRX cycles when WUS is not detected.
2. Less than 5% power saving gain is observed for cases 1/2/3/4 with 320ms DRX cycle in Table 2. When DRX cycle is long, the time when data arrives may not be during the DRX active time of UE, and UE may not be able to monitor PDCCH. The gNB has to wait for a long time for the new DRX cycle when it could schedule data for the UE. At the WUS occasion, the buffer will likely not be empty, and the ratio of skipped DRX cycle is small. Hence, the time distribution percentage of “PDCCH-only” state cannot be reduced much by WUS scheme. For example, for 320ms DRX cycle, a small percentage of “PDCCH-only” time can be reduced. So the UE energy wasted in “PDCCH-only” state in DRX “active time” cannot be saved much by WUS scheme. 
3. More power saving gain can be obtained when DRX cycle is decreased. When the DRX cycle is shorter (for the cases 9/10/11/12, DRX cycle is 40ms), significant power saving can be achieved (large than 25%). When DRX cycle is shorter, due to the higher percentage of empty DRX cycles, WUS can assist UE to skip more unnecessary PDCCH monitoring and UE can stay more time in “sleep state”. The “PDCCH-only” time can then be further reduced, and the power saving gain of WUS increases.
4. For shorter DRX cycle, significant power saving gain is observed with increment of resource overhead considering more DRX cycles need wake-up indication. Also with more skipped DRX cycles, packet average delay and UPT is degraded. Generally speaking, power saving gain is always accompanied with some performance loss, and larger power saving gain also has longer latency and larger degradation in UPT. 
Observation 1: More than 25% power saving gain can be achieved in short DRX cycles with some performance loss in latency and UPT.

Conclusion
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]In this paper, some evaluation results of WUS scheme are given to show the performance of power saving gain, packet average delay and UPT. We have the following observation:

Observation 1: More than 25% power saving gain can be achieved in short DRX cycles with some performance loss in latency and UPT.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]
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Appendix
[bookmark: _Ref528933622]Table 3. Simulation assumptions for calibration
	Parameters 
	Value

	Carrier frequency
	4 GHz (FR1)

	Subcarrier spacing
	30kHz

	CC number
	1

	Bandwidth of BWP
	100MHz

	Antenna configuration
	4Tx at gNB and 4Rx at UE

	Modulation of PDSCH
	256QAM

	PDCCH time region
	2 symbols at beginning of a slot

	PDSCH time region
	10 symbols (one symbol occupied by DMRS)

	Value of K0
	0

	Traffic model
	FTP model 3

	Packet size
	0.1Mbytes and 0.5Mbytes

	Information bits per slot
	868584
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