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Introduction
In the RAN1 #95 meeting, new agreements on techniques and traffic models were made for the system level evaluation study of UE power saving. The agreements regarding the simulation assumptions from RAN1#94-bis can be found in Section 4.2 of the Appendix in this contribution.
	Agreements:
· For system level simulation, at least assume that the traffic model is FTP model 3 with 0.5Mbyte payload and mean inter-arrival time of 200 milliseconds
· The mean inter-arrival time can be adjusted to achieve different cell loading scenarios. 
· Note: Other variations including different traffic models are not precluded
· The same traffic model settings should be used across all users.
Agreements:
For FTP, instant messaging, and VoIP application, the following traffic models and DRX configuration should be included for evaluation:
	
	FTP traffic
	Instant messaging
	VoIP

	Model
	FTP model 3
	FTP model 3
	As defined in R1-070674.
Assume max two packets bundled.

	Packet size
	0.5 Mbytes
	0.1 Mbytes
	

	Mean inter-arrival time
	200 ms
	2 sec
	

	DRX setting
	Period = 160 ms
Inactivity timer = [100] ms
	Period = 320 ms
Inactivity timer = 80 ms

	Period = 40 ms
Inactivity timer = 10 ms


Note: For ON duration setting, following reference DRX configurations as previously agreed.
Agreements:
· For web-browsing, video streaming, and gaming applications, the traffic models and the delay requirements defined in R1-070674 can be used in the evaluation. The parameters (e.g. packet size) may be updated to be in line with EMBB traffic requirements.
· For background app sync application, for power consumption evaluation purpose, it can be assumed that idle mode operations (inclusive of page detection, RRM, deep sleep and transition overhead) contributes to X% of the use case power. The remaining portion is contributed by intermittent RRC connections due to background activities (FFS: value of X)
Companies should report the assumptions made in the evaluation



In this contribution, we present simulation results for UE power saving signals according to the agreed simulation assumptions and for the complete set of traffic models and updated results for configurations from [1].
Discussion
In [2], we have discussed power saving signals such as wake-up (WUS) and go-to-sleep (GTS) that increase the percentage of time a UE is in sleep state and, therefore, provide gains in NR UE power consumption. In this contribution, we provide system-level comparison of the baseline scheme from NR Rel-15 with the enhanced schemes that use WUS or/and GTS along with DRX configuration.

Simulations assumptions for comparison
In our simulations, the IMT-2020 gNB and UE antenna configurations were used. These parameters can be found in Section 4.1 of the Appendix in this contribution.
In the last meeting, some baseline DRX configurations were agreed for FTP model 3, Instant messaging and VoIP and are used in our simulations. For new traffic models such as Gaming, Web browsing and Video streaming, the DRX configurations from Table 1 were used.
					  Table 1: DRX configurations for Gaming, Web browsing and Video streaming
	Traffic model
	DRX cycle, ms
	On duration, ms
	Inactivity timer, ms

	Gaming
	40
	4
	10

	Web browsing
	320
	10
	80

	Video streaming
	40
	4
	10



In addition, to study the power consumption reduction gain of WUS and GTS for FTP model 3 with different traffic loads, more simulations were performed for the following configurations of the DRX cycle:
· Configuration 0: no DRX cycle configured. 
· Configurations 1-2: C-DRX cycle 160msec, inactivity timer {100, 40} ms, On duration: 8 ms.
· Configurations 3-4: C-DRX cycle 320msec, inactivity timer {200, 80} ms, On duration: 10 ms.

All of these configurations were simulated with predetermined parameters (inter-arrival time of packets and packet size) that can be found in the tables of the Excel file with the results.
In our discussions, we use the terms “power consumption gain” and “battery lifetime” to show the performance of different schemes, which are computed as follows:
				 (1)

	           (2)

      	(3)

Power consumption analysis of go-to-sleep signal
In this section we present simulation results for the go-to-sleep signal with a variety of traffic models and a set of results for FTP model 3 extended by configurations with different system load and DRX Configuration 1. All results can be found in the Excel file.
The GTS signal provides a tool for the network to quickly switch a UE to the sleep state for some period. In our simulation, gNB transmits GTS when there is no packet available for a given UE and if it is in the active state. After receiving the GTS signal, the UE sleeps for a certain duration and then wakes up. If still there is no packet available for the UE, gNB transmits GTS again. 
In our system-level simulation, we adjusted the duration of being in the sleep state after the GTS reception for different traffic models due to the use of different DRX configuration per traffic model.

FTP traffic
Figure 1 shows the comparison of the power consumption reduction gains of DRX with GTS for the configuration agreed for FTP traffic model 3. The results are shown against the geometry SINR (5%, 50% and 95% from the SINR CDF) and presented for two durations of the sleep period after GTS reception: 20ms and 40ms. As can be seen from Figure 1, GTS with 20ms provides significant gain over the DRX-only scheme for UEs with any geometry SINR, while the extension of the sleep duration by another 20ms (GTS with 40ms) does not provide similar additional power consumption reduction gain due to the minor additional reduction of the quantity of active slots.
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Figure 1 Comparison of power consumption reduction gain, latency (ms) and throughput (Mbps)
of DRX+GTS and DRX relative to the configuration w/o DRX

Figure 2 compares the power consumption reduction gains of DRX-only and DRX with GTS signal for different UE geometry SINRs relative to the configuration w/o DRX in the case of Configuration 1. Various traffic loads cases are simulated including low (a), medium (b) and high (c) traffic loads with a packet size of 0.1Mbyte. The charts contain three comparisons for UEs with different geometry SINR: 5%, 50%, 95% from the SINR CDF. 
As shown in Figure 2, the additional gain of power consumption reduction with GTS at medium load is up to 60%. Likewise, GTS provides significant gains compared to the Rel-15 DRX-only scheme in the low and high load cases (about 45-49% for low load and about 33-47% for high load); however, those gains are lower than that observed in the medium load cases. This is because GTS gives the highest power saving gain in situations when the number of packets generated during one DRX cycle is greater than zero but still smaller than a certain threshold. In such cases, UE receives the entire packet at the beginning of the active period and there is a small probability that a new packet will be generated during the following Inactivity timer. Therefore, the Inactivity timer is much longer than the duration of packet reception and GTS helps to skip a larger percentage of the active period. In the low load case such situations are not frequent because UE usually does not receive packets during most of the DRX cycles, so the UE does not trigger its Inactivity timer and the active periods is usually small. On the other hand, in the case of high system load there is a high probability for UE to receive packets during the Inactivity timer, so the part of the active period occupied by packet reception increases and the opportunity for gain from the GTS signal is correspondingly reduced compared to medium load case.
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Figure 2: Comparison of power consumption reduction gain, latency (ms) and throughput (Mbps) for
DRX+GTS and DRX in low (a), medium (b) and high (c) traffic loads

As can be also seen from Figure 2, using the GTS signal provides more power consumption reduction for the сell center UEs, especially for high traffic load case. Such behavior can be explained by the increase of the packet transmission delay for cell-edge UEs compared to the delay for cell center UEs. The smaller delay for cell center UEs leads to an earlier start of GTS triggering and, thus, higher power consumption reduction. As shown in Figure 2, for DRX configuration 1 the power saving gain difference is about 4% for low load but it increases to 17% for high load because the latency difference for cell-edge and cell center UEs is increased by 7% as can be seen from Figure 2.
Also based on the information provided in Figure 2, the GTS signal achieves about 55% power saving gain in comparison with the baseline DRX for 50% resource utilization and above 45% and 33% for 10% and 90% resource utilization, respectively, for all UE geometries.
Observation 1: GTS provides significant gain in power consumption reduction for FTP traffic model 3 in comparison with the baseline DRX from Rel-15, especially for cell centre UEs. 
Observation 2: GTS signal provides higher power saving gain for the medium load case of FTP model 3.

Instant messaging
As discussed in the previous section, in the case of low system load the UE does not trigger the Inactivity timer during most of the DRX cycles, so the mean active duration is small and therefore GTS is used less frequently. 
Due to the small quantity of Inactivity timer triggers and as can be seen from Figure 3 that presents results for the agreed Instant messaging configuration and GTS 40ms, using GTS does not provides as high additional power consumption reduction gain as using the Rel-15 DRX-only baseline scheme for instance messaging.
Nevertheless, still an 7% of power consumption gain over Rel-15 DRX scheme is observed in the low load case, which eventually leads to 4.5 times increase in battery lifetime, since over a certain period the amount of energy spent is reduced from 9% to 2%.
Observation 3: GTS signal provides 4.5 times increase in battery lifetime for Instant messaging traffic model.
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Figure 3 Comparison of power consumption reduction gain, latency (ms) and throughput (Mbps)
for DRX+GTS and DRX 
VoIP traffic
In the VoIP traffic model [3] there are two states for a UE: active and inactive. During the active period, UE receives a new packet after each speech encoder frame duration T= 20ms and such packets are about 40 bytes, which is relatively small even in comparison with packets for Instant messaging. Following the agreed DRX configuration, UE spends little time in each DRX cycle to receive two small packets in a 40ms DRX cycle. As discussed in Section 2.2.1, in such scenarios GTS provides maximum power consumption reduction gains.
On the other hand, during the inactive state UE receives one packet only every four DRX cycles. Therefore, using the baseline DRX cycle already gives a significant advantage relative to the configuration w/o DRX.
As can be seen from Figure 4, GTS (10ms sleep duration) still provides a good gain in power consumption reduction – from 70% to 88% – which leads to more than 2.5 times increase in battery lifetime.

Observation 4: GTS signal provides more than 2.5 times increase in battery lifetime for VoIP UEs.
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Figure 4 Comparison of power consumption reduction gain, latency (ms) and throughput (Mbps)
of DRX+GTS and DRX relative to the configuration w/o DRX 

New traffic models
Gaming
The packet distribution for UEs in the Gaming traffic model is quite like VoIP UEs in the active state. The difference is only with respect to the mean quantity of arrived packets during one DRX cycle of 40ms – two packets for VoIP vs. one packet for Gaming traffic model. Such a difference even further increases the quantity of active slots that can be skipped using GTS. So, as can be seen from Figure 5, the GTS signal provides about 40% power consumption reduction gain for the Gaming traffic model.
Observation 5: GTS signal provides significant (40%) power consumption reduction gain for the Gaming traffic model.
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Figure 5 Comparison of power consumption reduction gain, latency (ms) and throughput (MBps)
of DRX+GTS and DRX relative to the configuration w/o DRX 


Web browsing
According to the Web browsing traffic model, resource utilization is 10 times less than in the case of Instant messaging because the mean packet inter-arrival time is 30 seconds. So, as can be seen from Figure 6, the power consumption reduction gain of GTS triggering leads to about 5 times increase in battery lifetime, which is even higher than for Instant messaging.
Observation 6: GTS signal provides about 5 times increase in battery lifetime for the Web browsing traffic model.
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Figure 6 Comparison of power consumption reduction gain, latency (ms) and throughput (Mbps)
of DRX+GTS and DRX relative to the configuration w/o DRX 

Video streaming
In the case of the Video streaming traffic model, a group of 8 packets arrives each 100ms. The mean size of such slices equals 10 bytes, so the overall packet size is small. Therefore, a UE does not need much time to receive the entire group of packets at the beginning of the DRX cycle and can go to sleep quickly if the GTS signal is configured.
Figure 7 presents the simulation results of the power consumption reduction gain for DRX w/ and w/o GTS relative to the configuration w/o DRX. As can be seen from Figure 7, using the GTS signal provides more than 30% gain, which leads to more than 3.5 times increase in battery lifetime.
Observation 7: GTS signal provides about 32% power consumption reduction gain which leads to more than 3.5 increase in battery lifetime for the Video streaming traffic model.
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Figure 7 Comparisons of power consumption reduction gain, latency (ms) and throughput (Mbps)
of DRX+GTS and DRX relative to w/o DRX configuration

Power consumption analysis of wake-up signal
In Rel-15, UE wakes up every DRX cycle. When no packet is available for a certain UE, the UE wastes power for PDCCH monitoring during the ON duration. Such cases are very frequent in the case of sparse traffic. The Wake-up signal (WUS), which is transmitted before a DRX cycle if there is a packet available for a certain UE, helps the UE to skip active state periods when the gNB does not have any packet for this UE. Likewise, WUS helps to skip power consumption of useless transitions from/to sleep states. However, the length of on duration is rather shorter than that of the Inactivity timer and hence skipping the useless on durations by WUS does not provide significant gain in power consumption reduction compared to the GTS signal for most traffic models.
As can be seen from FIG.8 and FIG.9, WUS provides the highest power consumption reduction gain for Instant messaging (Figure 9a) and Web browsing (Figure 9b) due to their low system load. WUS helps to increase the battery lifetime by 1.6 and 3.7 times for Instant messaging and Web browsing, respectively.
Observation 8: WUS helps to increase battery lifetime by 1.6 and 3.7 times for the Instant messaging and Web browsing traffic models, respectively.
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                                             (a)	                                                                                (b)
Figure 8 Comparison of power consumption reduction gain, latency(ms) and throughput (Mbps)
of DRX+WUS and DRX for FTP model 3 (a) and VoIP (b)
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                                           (a)	                                                                                (b)
Figure 9 Comparison of power consumption reduction gain, latency (ms) and throughput (Mbps)
of DRX+WUS and DRX for Instant messaging(a) and Web browsing(b)
Comparison of WUS and GTS
As demonstrated in Section 2.2, GTS signal that triggers a UE to go to long sleep periods provides the most significant power consumption reduction gains, especially for cases with small packet size and mean packet inter-arrival time roughly similar to the DRX cycle duration. On the other hand, WUS provides high gain mostly for cases with low system load along with negligible latency loss. 
As depicted in Figure 11, for low system load, e.g., for the Web browsing traffic model (Figure 11b), there is negligible difference between the power consumption reduction gains of wake-up and go-to-sleep signals. But as shown in Figure 11, such long sleep duration after GTS results in higher packet transmission delay.

Observation 9: GTS signal provides higher power consumption reduction gains in comparison with WUS for all traffic models except for Web browsing, but results in higher packet transmission delays.
Observation 10: WUS signal provides similar power consumption reduction gain in comparison with GTS for the Web browsing traffic model.
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                                             (a)	                                                                                (b)
Figure 10 Comparison of power consumption reduction gain, latency (ms) and throughput (Mbps)
of DRX+WUS, DRX+GTS and DRX for FTP model 3 (a) and VoIP (b)
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                                           (a)	                                                                                (b)
Figure 11 Comparison of power consumption reduction gain, latency (ms) and throughput (Mbps)
of DRX+WUS, DRX+GTS and DRX relative to the configuration w/o DRX for Instant messaging(a) and Web browsing(b)
Conclusions
In this contribution, we provide simulation results of all agreed traffic models. The above discussion is summarized with the following observations for UE power saving signals:

GTS signalling: 
Observation 1: GTS provides significant gain in power consumption reduction for FTP traffic model 3 in comparison with the baseline DRX from Rel-15, especially for cell centre UEs. 
Observation 2: GTS signal provides higher power saving gain for the medium load case of FTP model 3.
Observation 3: GTS signal provides 4.5 times increase in battery lifetime for Instant messaging traffic model.
Observation 4: GTS signal provides more than 2.5 times increase in battery lifetime for VoIP UEs.
Observation 5: GTS signal provides significant (40%) power consumption reduction gain for the Gaming traffic model.
Observation 6: GTS signal provides about 5 times increase in battery lifetime for the Web browsing traffic model.
Observation 7: GTS signal provides about 32% power consumption reduction gain which leads to more than 3.5 increase in battery lifetime for the Video streaming traffic model.

WUS signalling: 
Observation 8: WUS helps to increase battery lifetime by 1.6 and 3.7 times for the Instant messaging and Web browsing traffic models, respectively.

WUS vs. GTS signalling
Observation 9: GTS signal provides higher power consumption reduction gains in comparison with WUS for all traffic models except for Web browsing, but results in higher packet transmission delays.
Observation 10: WUS signal provides similar power consumption reduction gain in comparison with GTS for the Web browsing traffic model.





References
1. R1-1812516, “On evaluation results for UE Power Saving signals”, Intel Corporation.
1. R1-1810796, “Triggering adaptation of UE power consumption characteristics”, Intel Corporation.
1. R1-070674, “LTE physical layer framework for performance verification”, 12th-16th February, 2007.




Appendix
Simulation assumptions
	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


	(1,1,4,1,2;2,8)
32 TXRU

	2) 
	1) 

	
BS Antenna Spacing 
	(0.8, 0.5)

	UE Antenna Configuration


	(1,1,1,2,2; 1,2)
4 TXRU

	
UE Antenna Spacing
	(0.5, 0.5)

	Beam set at BS
	Single beam at
102 electronic downtilt

	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




Agreements from RAN1#94-Bis
Agreements:
· FTP model 3 should be included in the evaluation for at least FTP application. Modification to the parameters is not precluded. Other bursty traffic arrival models can be considered.
· Applications including FTP, web-browsing, video streaming, instant messaging, VoIP, gaming, background app sync can be considered for traffic modelling for power saving proposal evaluation.



Agreements:
· Simulation assumptions as specified in Table A1.5-1 in TR38.802 should be the basis for link-level simulation evaluation.
· Antenna configuration may use IMT-2020 as reference. Companies to state assumptions different from the reference if any
· Simulation assumptions as specified in Table A2.1-1 in TR38.802 should be the basis for system-level simulation evaluation.
· Antenna configuration may use IMT-2020 as reference. Companies to state assumptions different from the reference if any

R1-1811897
Agreements:
· The following power states and relative power values for the reference configuration are adopted as working assumption for power saving SI.
· FFS: Power modeling/scaling for the case more than one power states in a slot.
· FFS: Power saving signal processing power and transition energy.
· FFS: Power scaling for other configurations from the reference configuration
	Reference Configuration
	Power State
	Characteristics
	Relative Power 

	Downlink: TDD, FR1, 30 kHz SCS,  1CC, 100 MHz BW, PDCCH region of 2 symbol at beginning of a slot, k0 = 0, max. #CCE = 56, 36 PDCCH blind decoding, PDSCH of max data rate with 256QAM 4x4 MIMO, #RB for TRS = 52, 4RX, Capability 1
Uplink: TDD, FR1, 30 kHz SCS, 1CC, 100MHz BW, 1TX, 2 power levels 0dBm and 23dBm
Power values are averaged over the operations within a slot.
	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	
	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	
	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	
	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	
	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. FFS the power scaling for RRM of neighbor cells . TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	
	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. FFS the power scaling for PDSCH-only slot.
	300 

	
	UL
	Long PUCCH or PUSCH. FFS the power scaling for short PUCCH and SRS.
	250 (0 dBm)
700 (23 dBm)





Agreements:
· For evaluation, slide 3 of R1-1811897 is agreed.
	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




R1-1812014
Agreements:
The following DRX scenarios can be considered as reference for evaluation:
1. C-DRX cycle 320msec, inactivity timer {200, 80} msec
· FR1 On duration: 10 msec
· FR2 On duration: 5 msec
2. C-DRX cycle 160msec, inactivity timer {100, 40} msec
· FR1 On duration: 8 msec
· FR2 On duration: 4 msec
3. C-DRX cycle 40msec, inactivity timer {25, 10} msec
· FR1 On duration: 4 msec
· FR2 On duration: 2 msec 
4. I-DRX cycle 1.28 sec
· Group paging rate (for a PO): [10%]
· P-RNTI is detected but PDSCH decoding results in no match
· Note: Statistics for the matching case may be further considered based on use case
Note: Companies may select and report the settings for short DRX cycle, short DRX cycle timer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-HARQ-RTT-TimerDL, and/or drx-HARQ-RTT-TimerUL.
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