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1. Introductions
In RAN #80, the new Rel-16 study item on NR UE power saving was approved [1]. In RAN1 #94bis, power models for different UE operating modes are agreed [2]. The following was agreed for simulation calibration.

	Agreements: 

For the purpose of basic calibration of traffic modeling, FTP model 3 (use 0.1 Mbytes packet size, mean inter-arrival time 200msec) and VoIP model (as defined in R1-070674) should be used to generate time distribution for different power states, for the following scenarios.
1. No C-DRX configured

· For both VoIP and FTP

2. C-DRX cycle 40msec for VoIP

· 10 msec inactivity timer

· On duration: 4 msec

· Assume max two packets bundled

3. C-DRX cycle 160msec for FTP

· 100 msec inactivity timer

· On duration: 8 msec

The time distribution for different power states shall be reported (e.g. x% in PDCCH-only, y% in PDCCH+PDSCH, z% in microsleep, etc), as a result of the calibration exercise.

The following simplifying assumptions can be made: Power modelling reference configuration for FR1. Peak throughput. 100MHz DL BWP. 10-symbol PDSCH (one symbol occupied by DMRS), capable of carrying 868584 information bits per slot (Note: a packet can fit within a PDSCH transmission). All packets can be successfully decoded on the first transmission. No HARQ retransmission. No UL slot. Single user. Short DRX is not configured.


In this contribution, the calibration results for FTP model 3 and VoIP with and without CDRX are given, together with some observations. 
2. Simulation parameters and calibration results
2.1. Simulation assumptions and parameters
Besides the agreed calibration assumptions in last meeting, 30KHz SCS is assumed and the slot length is 0.5ms. Power model [2] including 5 power states are used for calibration simulation, which is listed in Table 1. The transition energy and transition time for different sleep types in Table 2 are agreed in last meeting.
Table 1. Power model used for simulation
	Power State
	Relative Power

	Deep Sleep
	1 

	Light Sleep
	20

	Micro sleep
	45

	PDCCH-only
	100

	PDCCH + PDSCH
	300


Table 2.Power model used for simulation (additional transition time and energy)
	Sleep type
	Additional transition energy:
(Relative power x 1 ms)
	Total transition time

	Deep sleep
	450
	20 ms

	Light sleep
	100
	6 ms

	Micro sleep
	0 
	0 ms*

	* Immediate transition is assumed for power saving study purpose from or to a non-sleep state


Different DRX modeling settings are used for FTP model 3 and VoIP: 
1. C-DRX cycle 160msec for FTP

· 100 msec inactivity timer (i.e., 200 slots assuming 30KHz SCS)

· On duration: 8 msec
2. C-DRX cycle 40msec for VoIP

· 10 msec inactivity timer (i.e., 20 slots assuming 30KHz SCS)
· On duration: 4 msec
· Assume max two packets bundled

In ON_DURATION of CDRX, UE monitors PDCCH. If PDCCH scheduling data is received by UE, then inactivity timer (e.g., 100ms) is started. During inactivity timer, if another PDCCH scheduling data is received by UE, the inactivity timer (e.g., 100ms) will be restarted. If there is no PDCCH received during inactivity timer, the inactivity timer expires. When the inactivity timer expires and it is DRX ON_DURATION, UE will continue to monitor PDCCH. When the inactivity timer expires and it is DRX off, UE will determine to enter which sleep type, i.e. deep sleep, light sleep or micro sleep, according to gap between when the inactivity timer expires and the first slot of nearest ON_DURATION (Table 3). Although UE has different implementation, based on the agreed model in Table 2, UE could select a most power efficient sleep state based on the available time that does not require monitoring (i.e. time duration available for sleep). 
Table 3. Relation between the sleep state and the available time for sleep
	Time duration available for sleep [X] 
	Sleep state

	X>=20ms
	Deep sleep

	20ms >X >=6ms
	Light sleep

	6ms > X>0ms
	Micro sleep


Observation 1: UE could select a most power efficient sleep state based on the time duration available for sleep. Table 3 can be used for evaluation. 
2.2. Calibration for FTP model 3
For FTP model 3 calibration, 0.1 Mbytes packet size, mean inter-arrival time 200msec is used. The calibration results for FTP model 3 are shown in Table 4. Transition time and energy between sleep state and active state is modeled according to the agreed power model. Relative Power per ms for FTP model 3 without CDRX is 100.50. Average Relative Power per mini-second for FTP model 3 with CDRX is 38.60. Which means DRX provides 62% power saving gain. However, for both cases (with and without DRX), ~90% UE energy is consumed by PDCCH-only monitoring. 
Observation 2: According to the calibration results for FTP model 3, the modelled CDRX can save ~62% UE energy, compared with no CDRX. 
Observation 3: For both cases with and without DRX, ~90% UE energy is consumed by PDCCH only. PDCCH with PDSCH state consumes up to 2% of UE energy.
Table 4. Power calibration results for FTP Model 3 with and without CDRX

	Power State
	PDCCH only
	PDCCH +PDSCH
	Deep sleep
	Light sleep
	Micro sleep
	Average Relative Power units / ms

	Without CDRX
	Time ratio
	99.75%
	0.25%
	0%
	0%
	0%
	100.50

	
	Energy ratio
	99.25%
	0.75%
	0%
	0%
	0%
	

	With CDRX
	Time ratio
	34.68%
	0.25%
	64.94%
	0.13%
	0.01%
	38.60

	
	Energy ratio
	89.83%
	1.91%
	8.15%
	0.09%
	0.02%
	


2.3. Calibration for VoIP
The following table provides the typical parameters of the VoIP traffic that is used in the simulations. 
Table 5. Parameter for VoIP

	Parameter
	Characterization

	Codec 
	RTP AMR 12.2, Source rate 12.2 kbps

	Encoder frame length
	20 ms

	Voice activity factor (VAF)
	50% (c=0.01, d=0.99)

	SID payload
	Modelled
15 bytes (5Bytes + header)
SID packet every 160ms during silence

	Total voice payload on air interface
	40bytes (AMR 12.2)
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Figure 3: 2-state voice activity model
In the model, the probability of transitioning from state 1 (the active speech state) to state 0 (the inactive or silent state) while in state 1 is equal to 
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, while the probability of transitioning from state 0 to state 1 while in state 0 is 
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. The model is assumed updated at the speech encoder frame rate 
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 is the encoder frame duration (typically, 20ms). Other details of VoIP modeling can be found in [3].

Both active and inactive states are modeled with 50% probability for each state. Voice packet of 40bytes with fixed 20ms periodicity is generated in active state. SID packet of 15bytes with fixed 160ms periodicity is generated in inactive state. No packet bundling is used for SID packets. One SID packet is transmitted in one slot.

It is worth noting that different/random offsets between packet generation time and the first slot of ON_DURATION of CDRX are modelled. If packet is generated during ON_DURATION of CDRX or inactivity timer does not expire, the packet will be transmitted immediately. Otherwise, the packet will be delayed to be delivered in the first slot of nearest upcoming ON_DURATION of CDRX.

The delay requirement for VoIP is 50ms for one way. It is possible to bundle 2 packets and transmit the bundle in one slot since the delay requirement can be met. There are at least two alternatives for packet bundling of VoIP voice packets.

Alt 1. Two continuous voice packets are always bundled and transmitted in one slot. 
Alt 2. Two continuous voice packets are bundled and transmitted in the 1st slot of ONDURATION, only when the two packets arrive during DRX off.

Calibration results for VoIP for Alt 1 is shown in Table 6. Please note that the total transition time is included in the time length of the relative sleep (deep sleep and light sleep). Transition time and energy between sleep state and active state is modeled according to the agreed power model. Average Relative Power per ms for VoIP without CDRX is 100.56. Average Relative Power per ms for VoIP with CDRX is 34.09, which means DRX provides 66% energy saving for VOIP. Similarly as for FTP traffic model, most of UE energy is consumed in PDCCH-only monitoring state. 
Observation 4: According to the calibration results for VoIP traffic, the modelled CDRX can save ~60% UE energy, compared with no CDRX. 
Observation 5: Even with the modelled CDRX, ~60% UE energy is consumed by PDCCH only monitoring. 
Table 6. Power calibration results for VoIP with and without CDRX (Alt 1)
	Power State
	PDCCH only
	PDCCH +PDSCH
	Deep sleep
	Light sleep
	Micro sleep
	Average Relative Power per ms

	Without CDRX
	Time ratio
	99.22%
	0.78%
	0%
	0%
	0%
	100.56

	
	Energy ratio
	97.69%
	2.31%
	0%
	0%
	0%
	

	With CDRX
	Time ratio
	19.70%
	0.78%
	79.37%
	0.15%
	0%
	34.09

	
	Energy ratio
	57.79%
	6.88%
	35.23%
	0.11%
	0%
	


Calibration results for VoIP for Alt 2 is shown in Table 7. Because most packets are not bundled, the ratio of PDCCH+PDSCH is larger than that in Alt 1. Similar observations can be achieved between Alt 1 and Alt 2. Average Relative Power per ms for VoIP without CDRX is 102.81. Average Relative Power per ms for VoIP with CDRX is 37.70, which means DRX provides 66% energy saving for VOIP. Similarly as for FTP traffic model and VoIP with Alt 1, most of UE energy is consumed in PDCCH-only monitoring state.
Table 7. Power calibration results for VoIP with and without CDRX (Alt 2)
	Power State
	PDCCH only
	PDCCH +PDSCH
	Deep sleep
	Light sleep
	Micro sleep
	Average Relative Power per ms

	Without CDRX
	Time ratio
	98.59%
	1.41%
	0%
	0%
	0%
	102.81

	
	Energy ratio
	95.90%
	4.10%
	0%
	0%
	0%
	

	With CDRX
	Time ratio
	22.40%
	1.09%
	75.90%
	0.61%
	0%
	37.70

	
	Energy ratio
	59.41%
	8.70%
	31.48%
	0.41%
	0%
	


Based on the above evaluations, we propose

Proposal 1: Reducing PDCCH-only monitoring should be the one of main targets for UE power saving in RRC CONNECTED state. 
3. Conclusion

In this contribution, we give calibration results for FTP model 3 and VoIP with and without CDRX. Some observations are as follows.
Observation 1: UE could select a most power efficient sleep state based on the time duration available for sleep. Table 3 can be used for evaluation. 
Observation 2: According to the calibration results for FTP model 3, the modelled CDRX can save ~62% UE energy, compared with no CDRX. 
Observation 3: For both cases with and without DRX, ~90% UE energy is consumed by PDCCH only. PDCCH with PDSCH state consumes up to 2% of UE energy.
Observation 4: According to the calibration results for VoIP traffic, the modelled CDRX can save ~60% UE energy, compared with no CDRX. 
Observation 5: Even with the modelled CDRX, ~60% UE energy is consumed by PDCCH only monitoring. 
Proposal 1: Reducing PDCCH-only monitoring should be the one of main targets for UE power saving in RRC CONNECTED state. 
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