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1 Introduction and Motivation
In this document, we discuss several schemes for 5G NR and compare them to the current C-DRX in the LTE. 
In LTE C-DRX, the Wake or Sleep state of the UE is mainly controlled by the DRX Cycle, onDuration Timer, drx-Inactivity Timer, and other timers. However, this current scheme suffers from the following two drawbacks:

1. The long drx-Inactivity Timer keeps the UE awake even without the grant scheduling.
2. When there is no data grant, the onDuration Timer still triggers UE to wake up and waste power unnecessarily.

Therefore, in order to solve these two drawbacks, we propose the concept of wake-up (WU) signaling and two derived C-DRX Schemes based on WU signaling.  

2 Wake-Up Schemes Description
2.1 Overview
As mentioned above, the onDuration Timer triggers UE to wake up every DRX Cycle even when there is no grant, which leads to the unnecessary power waste. In order to solve this drawback, we propose a new concept -- Wake-Up Signaling. 

In [2], the concept of WU signaling has been introduced to optimize for UE power in DRX. At the beginning of each DRX Cycle, instead of entering the onDuration stage, the UE first enters WU stage, during which, the eNB sends a WU indication to the UE to only notify whether the UE should wake up in the coming DRX Cycle for grant and data reception. Since the UE only needs to decode this WU indication, rather than the DL grant in the normal onDuration of legacy C-DRX scheme, this WU stage may last for shorter time and consumes much less power. It is also noted that the ramp-up and ramp-down power consumption for WU stage could be substantially smaller compared to the onDuration stage.
Then, after the WU stage, 

· Either the UE goes to the Sleep state until the next DRX Cycle if it does not receive the WU indication.
· Or the UE processes the received WU indication to prepare the coming wake up time.
Next we describe two variants of Wake-Up concept.
2.2 Blind WU Scheme

In this scheme, at the beginning of every DRX Cycle, the UE enters WU stage. During this stage:

· If eNB has DL/UL pending data in the buffer, eNB would notify this UE to wake up in this coming DRX Cycle by sending the WU indication. Then after processing the indication, the UE wakes up for “onDuration” length to receive the possible grant arrival.

· Note that even though the UE receives a WU indication it may happen that the UE is not scheduled during the subsequent “onDuration” e.g. due to high load on this cell and so remains awake wasting power during onDuration. 
· If eNB does not have DL/UL pending data in the buffer, the eNB would not send WU indication to UE and will not schedule this UE until next DRX Cycle. Accordingly the UE goes to sleep after WU stage until next DRX Cycle.

· Similar to the legacy C-DRX Scheme in the LTE, once UE receives DL/UL grant, it would reset drx-Inactivity Timer and follow other legacy C-DRX procedures.

2.3 Smart WU Scheme
Similar to the previous scheme, the UE enters WU stage at the beginning of every DRX Cycle. During this stage:

· If eNB has DL/UL pending data in the buffer and it decides to schedule the UE in the coming DRX Cycle, eNB would notify this UE to wake up in this coming DRX Cycle by sending the WU indication. Then after processing the indication, the UE wakes up for “onDuration” length to receive the grant.

· In this start scheme, the eNB only sends the WU indication to a UE if it schedule the UE in the subsequent onDuration. 

· Otherwise, the eNB would not send WU indication to UE and will not schedule this UE until next DRX Cycle. Accordingly the UE just goes to sleep after WU stage until next DRX Cycle.

· Similar to the legacy C-DRX Scheme in the LTE, once UE receives DL/UL grant, it would reset drx-Inactivity Timer and follow other legacy C-DRX procedures.

3 Simulation Setup and Results 
3.1 Simulation Setup

We use network simulator to compare the performance between the legacy C-DRX scheme and our proposed WU based schemes. In this simulation, we evaluate the following two metrics for the duration of the burst download plus 20 seconds of inactivity after the burst completes. 
· Metric I: Power Efficiency

· Metric II: Overall Delay

The simulation setup and assumptions are listed below:
· . The energy consumption for reception of the WU signal is assumed to be an order of magnitude (10x) lower than reception of a single PDCCH. This includes the corresponding ramp-up/down overhead.
	Assumption
	Value
	Assumption
	Value

	Fixed-size TCP Burst
	12MB
	Bandwidth
	10MHz

	Short Cycle Configuration
	Configured
	Channel Condition
	Perfect

	Long DRX Cycle
	320ms
	Short DRX Cycle
	40ms

	Short Cycle Timer
	8
	“onDuration” Length
	10ms

	WU Stage Length
	1ms
	Wake-Up Processing Length
	5ms

	drx-Inactivity Timer
	20ms
	Backhaul Delay
	30ms

	Scheduling Rate (SR)
	10%/20%/50%
	TCP Type
	Cubic

	TCP MSS
	1012 byte
	Receiver Window Size
	32000000 byte

	TCP Initial Congestion Window
	10120 byte
	
	


3.2 Simulation Results
The simulation result is shown in the following figure and table: 
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LTE 100% 100% 100% 100% 100% 100%

Blind WU 85.20% 105.28% 90.69% 104.41% 96.10% 100.06%

Smart WU 82.17% 105.28% 68.95% 104.41% 56.87% 100.06%

SR = 50% SR = 20% SR = 10%

Table: Performance Comparison (in Percentage) compared to the baseline scheme (LTE C-DRX Scheme)

Under the scenario with frequent scheduling rate (e.g. SR=50%)
· The delay of 4G C-DRX Scheme and 5G WU Schemes are quite similar, because the drxInactivityTimer does not expire, which diminishes the effect of WU signaling on the delay.

· The efficiency of 5G WU Scheme is better due to the lower power consumption of WU stage.

Under the scenario with sparse scheduling rate (e.g. SR=20% or 10%)

· The Smart WU Scheme achieves good efficiency and only slightly longer delay, because UE does not waste power to wake up without getting scheduled.
· The slightly longer delay is due to the time required for WU signaling.
· The efficiency of Blind WU Scheme is a little bit better than that of 4G C-DRX Scheme and its delay is a little bit worse, because of the WU signaling time. 
Observation 1: The efficiency performance of WU signaling based schemes are better than the 4G C-DRX Scheme, especially for the Smart WU Scheme. 
Observation 2: At high cell loading, the delay of the WU based schemes are slightly worse than the 4G C-DRX Scheme due to the WU signaling time.
Proposal 1: Given the results, we propose to consider the WU based schemes for C-DRX in NR.

4 Conclusion 

Observation 1: The efficiency performance of WU based schemes are better than the 4G C-DRX Scheme, especially for the Smart WU Scheme. 
Observation 2: At high cell loading, the delay of the WU based schemes are slightly worse than the 4G C-DRX Scheme due to the WU signaling time.

Proposal 1: Given the results, we propose to consider the WU based schemes for C-DRX in NR.
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								LTE		14.79		6761.75		8.57		19804.875		5.92		48592

								Blind Pre-WU		17.36		7118.625		9.45		20677.75		6.16		48621

								Semi-Smart Pre-WU		18		7118.625		12.43		20677.75		10.41		48621






