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1 Introduction

This contribution addresses RAN2 foreseen impacts of the DCI-based mechanism to skip the PDCCH monitoring (referred in this document as go to sleep, GTS, for simplicity) aiming to clarify some points of that might be unclear or controversial based on inputs provided on the email discussion [105bis#27]. The benefit of this new GTS were evaluated by RAN1 and if new assumptions and/or scenarios needs to be considered, this should be up to RAN1. 
2 Discussion

The benefit to enable a GTS was evaluated by RAN1 during their SI phase as stated in TR 38.840. RAN2 was requested to only evaluate the foreseen RAN2 impact. Few RAN2 companies have shown their concern that this new feature may not be needed as short DRX cycle may provide similar benefit. Our understanding is that RAN1 simulation assumptions did not capture short DRX cycle scenario as RAN1 companies agreed that the proposed solution target different purpose than short DRX cycle (which aims to reduce reachability delay at expenses of increasing UE's power consumption). Therefore if this wants to be challenged, this should be brought up for discussion in RAN1 (instead of RAN2). Aiming to help with the progress of RAN2 impact evaluation, Annex B includes RAN1 SLS simulation results.

Section 5.1 contains evaluation results comparing the power consumption, delay and user throughput when using short DRX cycle vs GTS. The following points can be highlighted based on 80msg Long DRX cycle case:

· For scenario (2) "Long DRX + GTS", the mean power consumption per slot reduces in comparison to scenario (1) "Long DRX" by around 21%, 27%, 33% depending on UE's location on the cell. 

· For scenario (3) "Long DRX + Short DRX", the mean power consumption per slot increases in comparison to scenario (1) by around 15%, 19%, 20% depending on UE's location on the cell. 
· For scenario (4) "Long DRX + Short DRX + GTS", the mean power consumption per slot reduces in comparison to scenario (1) by around 21%, 23%, 25% depending on UE's location on the cell.
The mean power consumption per slot reduces when using scenario (2) "Long DRX + GTS" vs when using scenario (3) "Long DRX + Short DRX". The percentage difference in comparison to scenario (1) "Long DRX" is by around 36%, 46%, 54% depending on the UE's location on the cell (cell edge, middle and center). Therefore this results confirm the GTS benefits independent of the usage of short DRX cycle. 
Section 5.2 contains evaluation results comparing the power consumption, delay and user throughput when using DRX MAC CE vs GTS. The following points can be highlighted:

· For mean power consumption per slot, scenario (8) DRX MAC CE shows better power saving performance than GTS for majority of the scenarios (as expected, the network indicates the UE to enter into DRX OFF until next ON duration). In cell middle and center, the power consumption is increased when using GTS (for either scenario). In the cell edge (5% case), the power consumption is increased by around 16% for scenario (5) GTS 10ms while is decreased by around 4.6% for scenario (7) GTS 40ms (in comparison to scenario (8) DRX MAC CE).
· For delay, scenario (8) DRX MAC CE shows higher delays that the GTS scenarios. For those GTS scenarios (5)-(7), the delay reduces by a range of 24% to 30% depending on the UE's location (in comparison to scenario (8) DRX MAC CE). 
· For user throughput, scenario (8) DRX MAC CE shows lower throughput that the GTS scenarios. . For those GTS scenarios (5)-(7), the user throughput increases by a range of 26% to 41% depending on the UE's location (in comparison to scenario (8) DRX MAC CE).
GTS helps reducing power consumption as discussed in the results of scenario (2) from section 5.1. DRX MAC CE provides even higher power saving in most cases while increasing the delay and decreasing the throughput. Therefore the usage of GTS over DRX MAC CE is preferable not to impact negatively the delay or throughput. It is important to highlight that depending on the GTS configuration, the UE's location on the cell and the traffic pattern (e.g. FTP model 3 shows a 41% probability of packet arrival during the active time), the power consumption is comparable or even lower when using GTS over DRX MAC CE while delay and throughput are less impacted.
Proposal 1. RAN2 confirms RAN1 understanding that new "DCI-based mechanism to skip the PDCCH monitoring" (referred later on GTS, for simplicity) helps to reduce UE's power consumption. 

The key principles are that this GTS could be sent by the network to the UE at any time that UE is monitoring PDCCH based on legacy behavior regardless whether C-DRX is or not used and should also not restrict/impact legacy UL activity/operations triggered by the UE.
Proposal 2. The new GTS could be sent by the network at any time that UE is monitoring PDCCH (with and without C-DRX) and should not restrict/impact legacy UL activity/operations triggered by the UE. 

Assuming that UE skips the monitoring of PDCCH due to the reception of the GTS, and during that time any of the following events happens, the expected UE behaviour is discussed taken into consideration the options and inputs provided on the email discussion [105bis#27].
a) drx-onDurationTimer ( the drx-onDurationTimer behaves as legacy (i.e. the timer is not stopped or suspended) but the UE stops monitoring/decoding of PDCCH during the indicated time by the GTS.
b) drx-InactivityTimer ( similar behaviour to (a) drx-onDurationTimer is expected.
c) drx-RetransmissionTimerUL ( similar behaviour to (a) drx-onDurationTimer is expected.
d) drx-RetransmissionTimerDL ( similar behaviour to (a) drx-onDurationTimer is expected.
e) ra-ContentionResolutionTimer ( as explained in proposal 1 the GTS should not impact legacy UL activity/operations. Therefore the UE keeps monitoring PDCCH when ra-ContentionResolutionTimer is running and collides with any of the duration indicated by the GTS.
f) Scheduling Request is sent on PUCCH and is pending ( similar behaviour to (e) ra-ContentionResolutionTimer is expected.
g) a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a RAR for the RA Preamble not selected by the MAC entity among the contention-based RA Preamble ( similar behaviour to (e) ra-ContentionResolutionTimer is expected.
TS 38.300 and 38.321 need to be updated accordingly to capture the change of behaviour previously described.
Proposal 3. Upon reception of the new GTS, the UE behaves as follow:

Proposal 3.1. UE stops monitoring of PDCCH during the indicated time by GTS even while running drx-onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimerUL or drx-RetransmissionTimerDL.

Proposal 3.2. UE keeps legacy behaviour (regardless of the GTS indication) for other cases of active time (i.e. UE continues monitoring PDCCH), e.g. for ra-ContentionResolutionTimer or when an SR is sent/pending or when a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a RAR for the RA Preamble not selected by the MAC entity among the contention-based RA Preamble. 

In our understanding, RAN1 companies assumed that other activities, such as RRM measurements, will follow legacy behavior. However other RRM optimizations being discuss within this SI/WI may also be applicable when using WUS e.g. relaxation of RRM measurement.

Observation 1. RRM measurements enhancements discussed in this SI/WI could be applied in conjunction with this new DCI-based GTS but its discussion is handled separately as it was done by RAN1.

For CA/DC operation, RAN1 is still discussing how the GTS works and the following options are considered: 

Option 1. GTS affects all cells in the MAC entity. 

Option 2. GTS is cell specific (i.e. affects differently to each cell).

Option (1) keeps Rel-15 NR C-DRX modelling (where active time is common for all serving cells) which would introduce lower specification impact. However this option may imply an increase of UE's power consumption e.g. when network is aware that no activity is expected for a given time in a specific carrier. Option (2) breaks Rel-15 NR C-DRX modelling aiming to provide a more power saving efficient feature to the UE. Note that these two options could also be used in conjunction as there might be cases when network will not do any scheduling in any of the cells and option (1) would be sufficient and other ones where option (2) is more efficient, as previously explained. However we should avoid duplicating discussions between RAN1 and RAN2, therefore we suggest waiting for RAN1 progress/outcome on this regard.
Observation 2. For CA/DC operation, RAN1 is still discussing whether to enable option (1) GTS signal affects all cells in the MAC entity and/or option (2) GTS is cell specific.

Proposal 4. RAN2 waits for RAN1 progress/outcome on GTS operation in relation to CA/DC operation.

3 Conclusion

The observations captured are the following:
Observation 1.
RRM measurements enhancements discussed in this SI/WI could be applied in conjunction with this new DCI-based GTS but its discussion is handled separately as it was done by RAN1.
Observation 2.
For CA/DC operation, RAN1 is still discussing whether to enable option (1) GTS signal affects all cells in the MAC entity and/or option (2) GTS is cell specific.

The proposals captured are the following:
Proposal 1.
RAN2 confirms RAN1 understanding that new "DCI-based mechanism to skip the PDCCH monitoring" (referred later on GTS, for simplicity) helps to reduce UE's power consumption.
Proposal 2.
The new GTS could be sent by the network at any time that UE is monitoring PDCCH (with and without C-DRX) and should not restrict/impact legacy UL activity/operations triggered by the UE.
Proposal 3.
Upon reception of the new GTS, the UE behaves as follow:
Proposal 3.1.
UE stops monitoring of PDCCH during the indicated time by GTS even while running drx-onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimerUL or drx-RetransmissionTimerDL.
Proposal 3.2.
UE keeps legacy behaviour (regardless of the GTS indication) for other cases of active time (i.e. UE continues monitoring PDCCH), e.g. for ra-ContentionResolutionTimer or when an SR is sent/pending or when a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a RAR for the RA Preamble not selected by the MAC entity among the contention-based RA Preamble.
Proposal 4.
RAN2 waits for RAN1 progress/outcome on GTS operation in relation to CA/DC operation.

4 Annex A

Figure 1 represents exemplary cases showing the C-DRX impact when a GTS is received by a given UE:

· Scenario (A): legacy C-DRX when no data activity is triggered to/by the UE.

· Scenario (B): GTS where UE can stop monitoring PDCCH during certain time while keeping inactivity timer still running.

· Scenario (C): GTS where UE can stop monitoring PDCCH during certain time while keeping ON duration timer still running.

· Scenario (D): the UE entering into the DRX sleep period while skipping the PDCCH monitoring due to a previous GTS indication; the UE would enter into the DRX sleep period as per legacy C-DRX behaviour. 
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Figure 1. High level overview on GTS operation for RRC_CONNECTED UEs
5 Annex B
5.1 Short DRX vs GTS evaluation
The simulations assumptions are included on Annex C. The following scenarios are evaluated: (1) long DRX cycle, (2) long DRX cycle and GTS (not monitoring for 10ms), (3) long DRX cycle and short DRX cycle and (4) long DRX cycle, GTS (not monitoring for 10ms) and short DRX cycle. Long DRX cycle values of 80, and 40ms are shown with corresponding short DRX cycle values set to half of long DRX cycle value (i.e. 40, and 20ms). These scenarios (1)-(4) are evaluated assuming different locations of the UE in the cell (based on the SINR) with 5% representing the cell edge, 50% the middle, 95% the center. 
Figure 2 depicts UE's mean power consumption per slot (when using the relative power consumption model agreed by RAN1) for the different UE's cell locations and scenarios (1)-(4) just explained:
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Figure 2. Power consumption for different UE's cell locations and scenarios (1)-(4)
For further clarification to the data shown in Figure 2, Table 1 captures the reduction percentage (%) for scenarios (2)-(4) in comparison to the baseline scenario (1), when only using Long DRX cycle. The color red marks when the mean power consumption increases and green when decreases in comparison to scenario (1).

Table 1. Reduction (%) on power consumption for scenarios (2)-(4) in comparison to the scenario (1)

	
	80ms Long DRX cycle
	 
	40ms Long DRX Cycle

	Scenario
	(2) L-DRX + GTS
	(3) L-DRX + S-DRX
	(4) L-DRX + 

S-DRX + GTS
	
	(2) L-DRX + GTS
	(3) L-DRX + S-DRX
	(4) L-DRX + 

S-DRX + GTS

	Reduction (%) vs 
(1) Long DRX
	5%(*)
	21.2
	-15.2
	21.2
	
	20.0
	-20.0
	14.3

	
	50%(*)
	26.9
	-19.2
	23.1
	
	24.1
	-27.6
	13.8

	
	95%(*)
	33.3
	-20.8
	25.0
	
	25.9
	-33.3
	14.8


(*) #% represents UE's location in the cell based on the SINR with 5% for cell edge, 50% for cell middle, 95% for cell center
For further reference, Table 2 below includes the simulation results used to generate the above figures of the mean power consumption per slot, as well as, delay, user throughput, system throughput and resource utilization (RU).

Table 2. Simulation results when evaluating short DRX vs new GTS
	Scenario
	(1) L-DRX
	(2) L-DRX +

GTS
	(3) L-DRX +

S-DRX
	(4) L-DRX +

S-DRX+ GTS

	Long DRX cycle [ms]
	80
	40
	80
	40
	80
	40
	80
	40

	Mean power 
consumption per slot
	5%(*)
	33
	35
	26
	28
	38
	42
	26
	30

	
	50%(*)
	26
	29
	19
	22
	31
	37
	20
	25

	
	95%(*)
	24
	27
	16
	20
	29
	36
	18
	23

	Delay CDF

[ms]
	5%(*)
	51.17
	28.7
	57.06
	31.53
	37.6
	23.56
	43.63
	26.23

	
	50%(*)
	41.22
	22.98
	47.03
	26
	30.57
	18.92
	36.96
	21.72

	
	95%(*)
	38.4
	21.15
	44.22
	24.1
	28.5
	17.17
	34.57
	19.94

	User throughput

[Mbyte/s]
	5%(*)
	93.5
	153.7
	84.5
	140.4
	121.9
	183.6
	106.1
	165.6

	
	50%(*)
	109.2
	182.6
	96.6
	162.6
	143.2
	219.1
	119.7
	192.4

	
	95%(*)
	116.1
	197.5
	101.9
	174.5
	153
	239.5
	127.6
	207.9

	System throughput [Mbyte/s]
	107.4
	180.6
	95.2
	161
	140.8
	217.8
	118.8
	191

	RU, %
	80.4
	69.3
	97.5
	94.1
	72.9
	60.5
	95.9
	89.2


(*) #% represents UE's location in the cell based on the SINR with 5% for cell edge, 50% for cell middle, 95% for cell center
5.2 DRX MAC CE vs GTS evaluation

The simulation assumptions of Annex C also applies for this evaluation. The following scenarios are evaluated for the same DRX configuration: (5) DRX with GTS (not monitoring for 10ms), (6) DRX with GTS (not monitoring for 20ms), (7) DRX with GTS (not monitoring for 40ms), and (8) DRX with MAC CE. As in previous evaluation, these scenarios (5)-(8) are evaluated assuming different locations of the UE in the cell (based on the SINR) with 5% representing the cell edge, 50% the middle, 95% the center.
Figure 3 depicts UE's mean power consumption per slot (when using the relative power consumption model agreed by RAN1), delay and user throughput for the different UE's cell locations and scenarios (5)-(8) just explained:
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Figure 3. Power consumption, delay and throughput for different UE's cell locations and scenarios (5)-(8)
For further clarification to the data shown in Figure 3, captures the reduction or increase percentage (%) for scenarios (5)-(7) in comparison to the baseline scenario (8), when using DRX and MAC CE. The color red marks when variation is to increase power consumption or increase the delay or reduce the user throughput in comparison to scenario (8) and green when otherwise.

Table 3. Reduction (%) on power consumption, reduction (5) on delay and increase (%) on the user throughput for scenarios (5)-(7) in comparison to the scenario (8)
	Scenario
	(5) DRX + 
GTS 10ms
	(6) DRX + 
GTS 20ms
	(7) DRX + 
GTS 40ms

	Reduction (%) on mean power consumption vs
(8) DRX & DRX MAC CE
	5%(*)
	-15.9
	-1.6
	4.6

	
	50%(*)
	-31.0
	-8.7
	0.9

	
	95%(*)
	-45.2
	-16.6
	-4.6

	Reduction (%) on delay vs
(8) DRX & DRX MAC CE
	5%(*)
	29.4
	27.0
	24.6

	
	50%(*)
	30.0
	26.7
	24.1

	
	95%(*)
	30.4
	28.0
	24.6

	Increase (%) on 

user throughput vs
(8) DRX & DRX MAC CE
	5%(*)
	36.0
	30.7
	26.2

	
	50%(*)
	39.8
	33.3
	28.4

	
	95%(*)
	41.7
	35.9
	29.4


(*) #% represents UE's location in the cell based on the SINR with 5% for cell edge, 50% for cell middle, 95% for cell center
For further reference, Table 4 below includes the simulation results used to generate the above figures of the mean power consumption per slot, as well as, delay, user throughput, system throughput and resource utilization (RU).

Table 4. Simulation results when evaluating DRX MAC CE vs new GTS
	Scenarios
	(5) DRX + 
GTS 10ms
	(6) DRX + 
GTS 20ms
	(7) DRX + 
GTS 40ms
	(8) DRX + 
DRX MAC CE

	Power consumption 
	5%(*)
	31.38
	27.51
	25.82
	27.07

	
	50%(*)
	24.98
	20.73
	18.9
	19.07

	
	95%(*)
	22.85
	18.35
	16.46
	15.74

	Delay CDF

[ms]
	5%(*)
	77.99
	80.67
	83.27
	110.48

	
	50%(*)
	63.25
	66.25
	68.58
	90.37

	
	95%(*)
	58.8
	60.79
	63.68
	84.47

	User throughput

[Mbyte/s]
	5%(*)
	69.1
	66.4
	64.1
	50.8

	
	50%(*)
	79.8
	76.1
	73.3
	57.1

	
	95%(*)
	85.3
	81.8
	77.9
	60.2

	System throughput [Mbyte/s]
	78.7
	75.6
	72.5
	56.3

	RU, %
	86.1
	92.7
	97.1
	99.1


(*) #% represents UE's location in the cell based on the SINR with 5% for cell edge, 50% for cell middle, 95% for cell center
6 Annex C

The assumptions for simulation and power consumption model follow RAN1 evaluation captured on SI TR 38.840. For the traffic, FTP model 3 is used with 0.5 MBytes packet size and 200ms mean inter-packet arrival period. The DRX configuration is captured in Table 5 and the SLS simulation parameters in Table 6. For the new "DCI-based mechanism to skip the PDCCH monitoring" (referred for simplicity as GTS) or, when applicable, the DRX MAC CE, the assumption is that gNB sends it to UE when there is no UL/DL data to be sent or buffered while UE is in active time (e.g. when running DRX inactivity timer or ON duration). Moreover this GTS indicates the UE to skip the monitoring of PDCCH for 10ms for evaluation in section 5.1 or 10, 20, 40ms for evaluation in section 5.2. For DRX MAC CE case, the UE upon its reception, it goes into DRX OFF until next ON duration.
Table 5. DRX configuration for the evaluation in section 5.1 and 5.2 (R1-1903133)
	Evaluation
	Section 5.1
	Section 5.2

	DRX parameter
	Long DRX cycle length,  ms

	
	80 ms
	40 ms
	80 ms
	40 ms
	160 ms

	Inactivity timer
	5  ms
	5 ms
	5 ms
	5 ms
	100 ms

	On duration
	8 ms
	4  ms
	8 ms
	4 ms
	8 ms

	Short DRX
	-
	-
	40 ms
	20 ms
	-

	Short DRX timer
	-
	-
	3
	5
	-


Table 6. Simulation parameters for the evaluation
	Simulation Parameters
	Scenario

	1) 
	Dense Urban Macro FR1 DL

	Carrier Frequency
	4GHz

	Simulation BW
	100MHz (TDD)

	Sub-carrier Spacing
	30 kHz

	Channel Model
	IMT UMa A

	Inter-Site Distance
	200m

	BS Antenna Configuration
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	UE Antenna Configuration
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	Beam Set at UE
	Single Beam Omni-Directional

	UE Deployment
	80% Indoor; 20% Outdoor

	Highest Modulation
	256 QAM

	Channel Coding
	LPDC

	Transmission/Reception Scheme
	Multi-user MIMO with 12 layers at BS

	Scheduler
	MU-PF rank adaptation and beam sweeping at BS

	Feedback
	Type II Codebook based CSI
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