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1	Introduction
In Rel-16 NR, a study item (SI) on UE power saving has been initiated [1].  
At RAN1 #95 numerous contributions provided calibration results for an agreed test case as captured in chapter 8 of [1].  
In this contribution, we provide our calibration results and complement with initial results using short DRX. Furthermore, we provide simulation results on the impact of reducing the number of PDCCH blind decoding candidates and cross-slot scheduling on UE energy consumption and average latency.
[bookmark: _Ref534982976]2	Discussion on DRX settings
In [1] it was agreed to report time distribution simulations for three reference scenarios using FTP model 3 and VoIP. In Table 1 our calibration results for selected scenarios are provided and compared with the reported results.
[bookmark: _Ref534978072]Table 1 Calibration results
	Scenario
	State
	Time %
	Calibration reports from [1] for time %

	FTP without C-DRX
	PDCCH only
	99.75
	99.71-99.80

	
	PDCCH + PDSCH
	0.25
	0.20-0.29

	
	Sleep
	0
	0


	FTP with C-DRX; 160 ms cycle, 100 ms inactivity timer, 8 ms ON duration
	PDCCH only
	34.95
	32.85-38.20

	
	PDCCH + PDSCH
	0.25
	0.20-0.29

	
	Micro sleep
	0.02
	0-0.03

	
	Light sleep
	0.14
	0-0.17

	
	Deep sleep
	64.64
	61.58-66.8



Based on Table 0‑1 it is observed that our simulation of time distributions is in line with the previously reported calibration results.
Observation 1: Our simulation of time distribution matches the previously reported calibration results for no C-DRX and C-DRX with 160 ms cycle using FTP3 (reported in [1]).
Using the calibrated simulation tool, the impact of different C-DRX cycles, inactivity timers, and ON durations are examined. The results are complemented with some short DRX configurations. The simulation follows the scenario from [1], but with some changes marked with bold:
· Subcarrier spacing: 30 kHz 
· 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 experience a 10 % BLER probability, with a maximum of 4 retransmissions
· HARQ retransmission with DRX HARQ-RTT-TimerDL of 4 and drx-RetransmissionTimerDL of 10
· No UL slot 
· Single user
· FTP model 3 with interarrival rate of 200 ms.

The short DRX was not accounted in the initial C-DRX configurations for the power saving models as it was not seen typically in the LTE field deployments. This can be simply understood as LTE devices, especially the early devices, did not obtain any power saving gain from short DRX cycles. However, examining the NR power saving model [1], it is evident that based on the model, UEs should be able to obtain benefits from the short C-DRX cycle. This was evaluated in the calibration scenarios, by shortening the inactivity timer, and applying short DRX cycles, with a number of cycles corresponding roughly to the original inactivity timer. The examined cases are listed in Table 2. Cases 1, 2, and 3 correspond to the reference configurations of section 8.2 in [1]. Cases 11, 12, 21, 31, and 32 are based on the reference cases, but complemented with short DRX and reduced inactivity timers. Note that only RRC_connected is simulated.
[bookmark: _Ref534979019]Table 2 DRX cases.
	Case #
	DRX cycle
	On Duration
	Inactivity timer
	Short DRX cycle
	# short cycles

	1
	320 ms
	10 ms
	200 ms
	Not applied

	11
	320 ms
	10 ms
	20 ms
	20 ms
	16

	12
	320 ms
	10 ms
	10 ms
	20 ms
	16

	2
	160 ms
	8 ms
	100 ms
	Not applied

	21
	160 ms
	8 ms
	10 ms
	20 ms
	8

	3
	40 ms
	4 ms
	25 ms
	Not applied

	31
	40 ms
	4 ms
	4 ms
	10 ms
	4

	32
	40 ms
	2 ms
	4 ms
	5 ms
	4



The simulated total energy consumption, scaled with reference to case 1, and the average latency is illustrated in Figure 1 below. 
[image: ]
[bookmark: _Ref534979562]Figure 1 Total energy and average latency for various DRX settings. Blue bars present the total relative energy consumption, while blue bars show the average latency.

The long DRX cycle of 320 ms for cases 1, 11, and 12 results in the highest UE energy consumption and longest average latencies. However, cases 11 and 12 perform better than the reference case 1 due to the use of short DRX, in terms of both, latency and power consumption. 
Case 2 requires about 70 % of the energy of case 1 and has shorter average latency due to the 160 ms cycle. Complementing with short DRX (case 21) reduces the total energy to less than 60 %, with only slightly increase in the latency.
Cases 3, 31, and 32 require 50 % or less energy compared to case 1 and has 1/3-1/4 of the average latency of case 1, because of the DRX cycle of 40 ms. The use of short DRX in case 31 and 32 further reduces the energy consumption, with a minor penalty on latency.
Based on the simulation results it is observed that short DRX results in lower UE energy consumption as compared with the reference cases. Furthermore, the average latency is comparable to the reference cases for longer DRX cycles (>100 ms).
Observation 2: Short DRX results in lower UE energy consumption and similar latency when combined with longer DRX cycles (>100 ms) as compared to using only long DRX cycles.
Based on the observation that short DRX can result in lower UE energy consumption without impact on the average latency it is proposed to include short DRX in future benchmark evaluations in the SI.
Proposal 1: RAN1 should include short DRX in benchmark evaluations. Short DRX cycles of 5, 10 and 20ms could be considered.


3	Reduced number of PDCCH blind decoding candidates
According to [1] reducing the number of PDCCH blind decoding candidate technique to be studied further for enabling the UE to adapt to the traffic and power consumption characteristic.
Using the reference configuration outlined in section 2 the impact is evaluated for the cases given in Table 3, i.e. using FTP model 3 in a single-user downlink scenario. 
[bookmark: _Ref534983927]Table 3 Cases for reduced number of PDCCH blind decoding candidates evaluation
	Case #
	DRX cycle
	On Duration
	Inactivity timer
	# blind decoding candidates

	101
	160 ms
	8 ms
	40 ms
	Reference i.e. 36

	102
	160 ms
	8 ms
	40 ms
	32

	103
	160 ms
	8 ms
	40 ms
	16

	104
	160 ms
	8 ms
	40 ms
	8

	105
	160 ms
	8 ms
	40 ms
	4

	106
	160 ms
	8 ms
	40 ms
	2



The simulation results are given for the 6 cases, where 101 is a reference case, i.e. with all blind decoding candidates, in Figure 2. 
[image: ]
[bookmark: _Ref534983295]Figure 2 Total energy and average latency for reduced number of PDCCH blind decoding candidates. Blue bars present the total relative energy consumption, while blue bars show the average latency.
Reducing the number of PDCCH blind decoding candidates provides UE energy savings. This is as expected, because the NR power model of [1] defines the PDCCH-only power can be reduced from 100 units, using all candidates, to 71.7 units, when using only 2 candidates. However, the total energy of case 106 is about 76 % of case 101, because there is a baseline power consumption consisting of sleep mode power and PDSCH decoding power, common for all cases. 
The average latency is constant across the 6 cases as could be expected, evaluation scenario being single user scenario. However, it is important to observe that reducing the number of blind decoding candidates significantly reduces the network's ability to multiplex users. Thus, in a scenario with multiple users each having a reduced number of PDCCH blind decoding candidates, some users may experience increased latency (and energy consumption), because they are not schedulable at the right time due to limited PDCCH resources. 
Observation 3: Reducing the number of PDCCH blind decoding candidates results in energy savings up to 25 %, but it may significantly reduce the network's ability to multiplex users.   
Proposal 2: Before RAN1 concludes on the energy and latency merits of PDCCH blind decoding candidate reduction, the system impact due to scheduling restrictions need to be understood.

4	Cross-slot scheduling
In [1] cross-slot scheduling (using k0) is one additional technique to be studied for enabling the UE to adapt to the traffic and power consumption characteristic. The parameter k0 indicates the number of slots between the PDCCH grant and the scheduled PDSCH data, and if UE is in advance aware that k0>0, it could use micro sleep to attain power saving.
Using the reference configuration outlined in section 2 the impact is evaluated for the cases given in Table 4, i.e. using FTP model 3 in a single-user downlink scenario. 
Table 4 Cases for cross-slot scheduling (k0) evaluation
	Case #
	DRX cycle
	On Duration
	Inactivity timer
	cross-slot scheduling (k0)

	201
	160 ms
	8 ms
	40 ms
	Reference i.e. 0

	202
	160 ms
	8 ms
	40 ms
	2

	203
	160 ms
	8 ms
	40 ms
	4

	204
	160 ms
	8 ms
	40 ms
	8

	205
	160 ms
	8 ms
	40 ms
	16

	206
	160 ms
	8 ms
	40 ms
	32



[bookmark: _GoBack]The simulation results are given for the 6 cases, where 201 is a reference case, i.e. with k0 = 0, in Figure 3. 
[image: ]
[bookmark: _Ref534984373]Figure 3 Total energy and average latency for cross-slot scheduling. Blue bars present the total relative energy consumption, while blue bars show the average latency.
Making k0 > 0 results in about 25 % reduced energy consumption as compared to case 201 (k0=0). This is as expected, because the NR power model of [1] defines the cross-slot scheduling PDCCH-only power to be 70 unit as compared to 100 units for the same-slot scheduling PDCCH-only power. Furthermore, the PDSCH-only power is 280 units as compared to 300 units for PDCCH+PDSCH. 
Observe that since all simulated k0 values (2-32) are shorter than the inactivity timer (40 ms) the UE will experience the same total ON time for all the cases. The reason for the reduced energy consumption is therefore due to the use of cross-slot scheduling PDCCH-only power in every slot in cases 202-206. It is assumed that the UE may apply this cross-slot scheduling power, because the k0 value is provided semi-statically through RRC messaging, specifically the PDSCH-TimeDomainResourceAllocationList [2] as outlined in Table 5.1.2.1.1-1 of [3].
The cost of the reduced energy consumption is an increase in the average latency. Since the simulation only considers one user, the k0 has an almost linear impact on average latency (also impacted by retransmissions), i.e. using k0=2 instead of k0=0 increases the latency with 1 ms, because 2 slots=1 ms with SCS=30 kHz. Therefore, case 206 with k0=32 has 16 ms higher average latency than case 201. It is therefore preferable to use a small, non-zero k0.
Observation 4: Increasing k0>0 results in UE energy savings up to 25 % in the single-user FTP model 3 scenario, but it is independent of how large k0 is. The cost is an increased average latency which is proportional to the increase in k0. Therefore, a small, non-zero k0 is preferable.

5	Conclusions
[bookmark: _Hlk534982802]To conclude we propose and observe the following:
[bookmark: _Hlk534982835]Observation 1: Our simulation of time distribution matches the previously reported calibration results for no C-DRX and C-DRX with 160 ms cycle using FTP3 (reported in [1]).
Observation 2: Short DRX results in lower UE energy consumption and similar latency when combined with longer DRX cycles (>100 ms) as compared to using only long DRX cycles.
Observation 3: Reducing the number of PDCCH blind decoding candidates results in energy savings up to 25 %, but it may significantly reduce the network's ability to multiplex users.   
Observation 4: Increasing k0>0 results in UE energy savings up to 25 % in the single-user FTP model 3 scenario, but it is independent of how large k0 is. The cost is an increased average latency which is proportional to the increase in k0. Therefore, a small, non-zero k0 is preferable.
Proposal 1: RAN1 should include short DRX in benchmark evaluations. Short DRX cycles of 5, 10 and 20ms could be considered.

Proposal 2: Before RAN1 concludes on the energy and latency merits of PDCCH blind decoding candidate reduction, the system impact due to scheduling restrictions need to be understood.
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