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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80 meeting, a study item was approved to study NR UE power saving framework, taking into consideration latency and performance as well as the network impact[1]. In RAN1#94bis, DRX mechanism was agreed as the baseline of Rel-15 NR for the evaluation on power saving study. Also as shown in the following agreements, it was agreed that the adaptation of DRX configuration is studied in the study item.
Agreements:
The baseline for UE power saving evaluation is NR Rel-15 including support for DRX, BWP adaptation, cross-slot scheduling, PDCCH monitoring parameters, etc.
Agreements:
At least the following power saving techniques are to be further studied (including detailed scheme, performance, complexity, overhead, etc.)
· DRX configuration – C-DRX enhancement
· Dynamic Adaptation in configuration
· Adaptive parameters 
This contribution continues the study in RAN1#94bis on adaptation of C-DRX configuration and further investigate the power consumption with different C-DRX configurations for typical traffic model by simulation.
[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]C-DRX mechanism in LTE and NR
[bookmark: _GoBack]C-DRX mechanism is a mechanism which is typically used in current LTE network. It is also adopted for NR to save UE power consumption while the QoS requirement of UE service is maintained.
 Figure 1 shows the principle of C-DRX mechanism. In each DRX cycle, there is an “On Duration” configured. During the “On Duration” period, a UE shall monitor the PDCCH in the configured search space sets to check if a UL/DL scheduling is granted. When there is DCI detected to schedule new data during the “On Duration” period, an “Inactive Timer” shall be triggered. UE keeps monitoring the PDCCH until the “Inactivity Timer” expires. The “Inactivity Timer” shall be restarted when there is new data scheduled. During the “On Duration” period and before the “Inactivity Timer” expires, the UE is in active time. When the ‘”Inactivity Timer” expires, the UE is no longer in active time, and in this case the UE can go into sleep mode for power saving. Two DRX cycles, short cycle and long cycle, can be configured and used to balance power saving and low latency requirements. 
[bookmark: _Ref421869718][bookmark: OLE_LINK77][bookmark: OLE_LINK78][image: ]
Figure 1 Illustration of C-DRX operation
UE power consumption for C-DRX mechanism
Simulation assumptions
System level simulation is used to investigate the impact of C-DRX configuration on the power consumption. System simulation assumption is based on the agreements in RAN1#94bis and summarized in Table 1. The detailed traffic model is based on the FTP model 3 and VoIP, which were agreed in RAN1#94bis for evaluation.
[bookmark: _Ref528954933]Table 1 Simulation assumptions for calibration
	Parameters 
	Value

	carrier frequency
	4 GHz (FR1)

	Subcarrier spacing
	30kHz

	CC number
	1

	PDCCH time region
	2 symbols at beginning of a slot

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

	Modulation of PDSCH
	256QAM

	Antenna configuration
	4Tx at gNB and 4Rx at UE

	Bandwidth of BWP
	100MHz

	Traffic model
	FTP model 3 and VoIP

	Packet size
	40bytes for VoIP
0.1Mbytes for FTP model 3

	Value of k0
	0



Evaluation on the impact of inactivity timer
As explained in section 2, the inactivity timer shall restart when there is new data scheduled, and for the scheduling of retransmission, the inactivity timer shall not restart. Clearly the length of inactivity timer shall impact the latency of the data transmission. In this section, we investigate the impact of inactivity timer from UE power consumption perspective.
1) FTP model 3 traffic
In the evaluation, the following two cases are simulated and compared for the traffic type of FTP model 3:
· Case 1:  FTP model 3; DRX cycle: 160ms; On duration timer: 8ms; Inactivity timer: 100ms, 10 UEs in cell, 21 cells; 4*4 MIMO ; TTI numbers:40000，Simulation numers:3
· Case 2:  FTP model 3; DRX cycle: 160ms; On duration timer: 8ms; Inactivity timer: 40ms, 10 UEs in cell, 21 cells; 4*4 MIMO ; TTI numbers:40000，Simulation numers:3

The time distribution of different power states are summarized in Table 2, from which it can be observed that a longer inactivity timer could increase the percentage of PDCCH-only state significantly. 

Table 2 Time distribution for different power states for Case 1 and Case 2
	
	PDCCH-only
	PDCCH+PDSCH
	Sleep

	Case 1(Inactivity timer: 100ms)
	34.70%
	2.85%
	62.45%

	Case 2(Inactivity timer: 40ms)
	16.94%
	3.52%
	79.54%



The UE energy consumption ratio is compared in Table 3 and the energy distribution of different states is summarized in Table 4. From the two tables, it can be observed that the UE power consumption will be increased a lot due to the increase of PDCCH only time.
[bookmark: _Ref528957735]Table 3 UE energy consumption for Case 1 and Case 2
	
	Energy consumption ratio

	Case 1(Inactivity timer: 100ms)
	100%

	Case 2(Inactivity timer: 40ms)
	65.79%



[bookmark: _Ref528957759]Table 4 Energy consumption of different power state for Case 1 and Case 2
	
	PDCCH-only
	PDCCH+PDSCH
	Deep Sleep
	Light Sleep
	Micro Sleep

	Case 1(Inactivity timer: 100ms)
	76.89%
	18.94%
	4.06%
	0.09%
	0.02%

	Case 2(Inactivity timer: 40ms)
	57.05%
	35.54%
	7.41%
	0%
	0%



2) VoIP traffic
The VoIP traffic model is also investigated in the evaluation. The following two cases are simulated and compared to show the impact of inactivity timer:
· Case 3: VoIP; DRX cycle: 40ms; On duration timer: 4ms; Inactivity timer: 10ms, 10 UEs in cell, 21 cells; 4*4 MIMO ; TTi numbers:40000，Simulation numers:3
· Case 4: VoIP; DRX cycle: 40ms; On duration timer: 4ms; Inactivity timer: 25ms, 10 UEs in cell, 21 cells; 4*4 MIMO ; TTi numbers:40000，Simulation numers:3
The corresponding simulation results are summarized in Table 5, Table 6 and Table 7 respectively.
[bookmark: _Ref528967392]Table 5 Time distribution for different power states for Case 3 and Case 4
	
	PDCCH-only
	PDCCH+PDSCH
	Sleep

	Case 3 (inactivity timer 10ms)
	22.03%
	1.07%
	76.90%

	Case 4(inactivity timer 25ms)
	60.14%
	1.41%
	38.45%


[bookmark: _Ref528967394]Table 6 UE energy consumption for Case 3 and Case 4
	
	Energy consumption ratio

	Case 3 (inactivity timer 10ms)
	46.82%

	Case 4(inactivity timer 25ms)
	100%


[bookmark: _Ref528967395]Table 7 Energy consumption of different power state for Case 3 and Case 4
	
	PDCCH-only
	PDCCH+PDSCH
	Deep Sleep
	Light Sleep
	Micro Sleep

	Case 3 (inactivity timer 10ms)
	69.34%
	10.11%
	19.61%
	0.94%
	0%

	Case 4(inactivity timer 25ms)
	88.61%
	6.24%
	3.65%
	1.50%
	0.01%



From the results in Table 5, Table 6 and Table 7, similar observations as for the FTP traffic model can be drawn regarding the power consumption impact due to different setting of inactivity timer. Based on the simulation results for FTP and VoIP, we can have the following two observations:
Observation 1: A longer inactivity timer increases the percentage of PDCCH-only state significantly for FTP traffic and VoIP traffic.
Observation 2: A longer inactivity timer increases the energy consumption significantly for FTP traffic and VoIP traffic.

Evaluation on the impact of C-DRX cycle length
This section investigates the impact on UE power consumption due to different configuration of C-DRX cycle length. The following two cases are investigated:
· Case 5: FTP model 3; DRX cycle: 160ms; On duration timer: 8ms; Inactivity timer: 100ms, 10 UEs in cell, 21 cells; 4*4 MIMO ; TTI numbers:40000，Simulation numers:3
· Case 6 FTP model 3; DRX cycle: 320ms; On duration timer: 10ms; Inactivity timer: 80ms, 10 UEs in cell, 21 cells; 4*4 MIMO ; TTI numbers:40000，Simulation numers:3

The traffic type is the same for the two investigated cases. The difference is the setting of C-DRX configuration. It can be found that the difference between the two cases is marginal regarding the configuration of on duration timer and inactivity timer. The C-DRX cycle length of the two cases are quite different. Therefore, we investigate the impact of C-DRX cycle length by comparing the two cases.
The time distribution of different power states are summarized in Table 8, from which it can be observed that a larger C-DRX cycle length decreases the percentage of PDCCH-only state. 
Observation 3: A larger C-DRX cycle length decreases the percentage of PDCCH only state.
[bookmark: _Ref528965142]Table 8 Time distribution for different power states for Case 5 and Case 6
	
	PDCCH-only
	PDCCH+PDSCH
	Sleep

	Case 5(DRX cycle: 160ms)
	34.70%
	2.85%
	62.45%

	Case 6(DRX cycle: 320ms)
	23.61%
	4.00%
	72.39%



The UE energy consumption ratio is compared in Table 9 and the energy distribution of different states is summarized in Table 10. From the two tables, it can be observed that the UE power consumption will be decreased due to the reduction of PDCCH only time. 
Observation 4: A larger C-DRX cycle length reduces the energy consumption.
[bookmark: _Ref528965295]Table 9 UE energy consumption for Case 5 and Case 6
	
	Energy consumption ratio

	Case 5 DRX cycle: 160ms
	100%

	Case 6 DRX cycle: 320ms 
	82.08%


[bookmark: _Ref528965309]Table 10 Energy consumption of different power state for Case 5 and Case 6
	
	PDCCH-only
	PDCCH+PDSCH
	Deep Sleep
	Light Sleep
	Micro Sleep

	Case 5 DRX cycle: 160ms
	76.89%
	18.94%
	4.06%
	0.09%
	0.02%

	Case 6 DRX cycle: 320ms 
	63.73%
	32.41%
	3.85%
	0.01%
	0%



Analysis on the simulation results
Based on the above simulation results, it can be observed that the setting of configuration parameters of C-DRX mechanism may have significant impact on the power consumption of UE. On the other hand, it is well known that the configuration of C-DRX settings have impact on the QoS of the service type. This can be also reflected by the large difference on the agreed typical C-DRX configurations between FTP model and VoIP.
[bookmark: OLE_LINK10]It is desirable to have suitable C-DRX configurations for UEs on power saving. As discussed in our companion paper [2], in real deployments, it could be difficult for gNB to acquire service characteristics and decide which set of C-DRX parameters is optimized for each connected mode UE without UE assistance. The investigation in this contribution provides the motivation to further study suitable C-DRX configurations including the adaptation on DRX configurations and UE assistance information to help gNB to configure a suitable C-DRX configuration.
Conclusion
This contribution investigates the impact of C-DRX configurations on UE power consumption. System level evaluation is utilized for the investigation and it is observed that the setting of configuration parameters of C-DRX mechanism may have significant impact on the power consumption of UE. This motivates the further study on improving the use of suitable C-DRX configurations including the adaptation on DRX configurations and UE assistance information to help gNB to configure a suitable C-DRX configuration.
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