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Introduction
In the RAN1 #94Bis meeting, many agreements were made for system level evaluation to study the UE power saving techniques. In this contribution, we present results for simulation of UE power saving signals according to the agreed simulation assumptions.
Discussion
In [1], we have discussed power saving signals such as wake-up (WUS) and go-to-sleep (GTS) that increase percentage of time when UE in sleep state and therefore provide gain in NR UE power consumption. In this section, we provide system-level comparison of baseline scheme from NR Rel-15 and enhanced schemes that use WUS or/and GTS along with DRX configuration.

Simulations assumptions for comparison
In out simulations, IMT-2020 gNB and UE antenna configuration was used. These parameters can be found in section 4.1 of Appendix.
Simulations were done for the following configurations of DRX cycle according to the agreed setup:
· 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 for predetermined sets of parameters of FTP traffic model 3 (inter-arrival time of packets and packet size) that correspond to low, medium and high traffic load cases. Parameters can be found in tables of excel file with results.

Power consumption analysis of go-to-sleep signal
In this section we present selected simulation results for go-to-sleep signal with a variety of system load and DRX Configuration 1. More results for several other DRX configuration are provided in the excel file.  
GTS signal provides the tool for network to quickly switch UE to 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 of such signal, UE sleeps during certain duration and then wakes up. If still there is no packet available for UE, gNB transmits GTS again. Such sleep duration is assumed to be 2ms in our system-level simulation.
Figure 1 compares the power consumption reduction gains of DRX and DTX with GTS signal for different UE geometry relative to configuration w/o DRX in case of Configuration 1. Moreover, various traffic loads cases are simulated including low (a), medium (b) and high (c) traffic loads with assuming packet size 0.1Mbyte. Charts contains of three comparisons for UEs with different geometry SINR: 5%, 50%, 95% from SINR CDF curve. As shown in Figure 1, the gain of reducing power consumption with GTS at low load is about 60%. Likewise, GTS provides gains compared to Rel-15 DRX only scheme in the high load case, those gains however are lower compared to low load case (about 45% for 95% percentile UE and about 32% for 5% percentile UEs). This is mainly because the probability of GTS transmission is reduced with increasing load. 
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Figure 1 (a, b, c) Comparisons of power consumption reduction gain 
of DRX+GTS and DRX relative to w/o DRX configuration

As can be seen from Figure 1, using of GTS signal provides more power consumption reduction for сell center UEs, especially for high traffic load. Such behavior can be explained by increasing of packet transmission delay for cell edge UEs compared to delay for cell center UEs. The less delay for cell center UEs leads to earlier start of using of go-to-sleep triggering and therefore better power consumption reduction. As shown in FIG.1, for DRX configuration 1, the power saving gain difference is 4% for medium load but it increases to 10% for high load case because latency difference for cell edge and cell centre UEs is increased by 26%.
Further information is also provided in the FIG.1, the GTS signal achieves about 30% power saving gain in comparison with the baseline DRX for a load of 30% resource utilization and above 20% for a load of 50% resource utilization for all UE geometries. 

Observation 1: Using of GTS provides significant gain in power consumption reduction in comparison with the baseline DRX from Rel-15, especially for cell centre UEs.
Observation 2: GTS signal provides larger power saving gain at low and medium load cases 

Power consumption analysis of wake-up signal
In Rel-15, UE wakes up every DRX cycle. In case of no packet is available for certain UE on gNB, UE waste power for PDCCH monitoring during ON duration. Such cases are very frequent in case of sparse traffic. Wake-up signal that is transmitted before DRX cycle if there is packet available for certain UE, helps UE to skip active durations when gNB doesn’t have any packet for this UE. As can be seen from Figure 3, using of WUS also leads to the significant power consumption reduction gain for low (a), medium (b) and high (c) traffic load cases. On Figure 3, results for DRX configuration 1 and packet size 0.1Mbyte are presented. 
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Figure 2 (a, b, c) Comparisons of power consumption reduction gain 
of DRX+WUS and DRX relative to w/o DRX configuration

Observation 3: Using of WUS provides significant gain in power consumption reduction in comparison with the DRX only that is baseline scheme from Rel-15.
Observation 4: The higher gain can be observed with WUS at low and medium load 

Comparison of WUS and GTS
As discussed in Section 2.2, GTS signal provides better power consumption reduction for cases with small packet size (0.1 Mbyte) and lower inter-arrival rate (λ). For example, for DRX configuration 1 and low traffic load (similar to Figure 2a), comparison of gains of WUS and GTS relative to configuration with no DRX is presented on Figure 3. For such configuration GTS is better in both aspects of power consumption reduction and packet transmission delay.
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Figure 3 Comparisons of power consumption reduction gain 
of DRX, DRX+WUS and DRX + GTS relative to w/o DRX configuration

In case of a larger packet size (for example 0.5 Mbyte) and the same traffic load, using of wake-up signal is more appropriate due to more sparse traffic. In other words, percentage of time when there are no packet available is increased compared to smaller packet size case and consequently UE can avoid waking up and waste power for PDCCH monitoring for a whole DRX cycle by using WUS. 
The results obtained with the FTP model 3 for larger packet size with DRX configuration 1 and low traffic load are depicted in Figure 4. As can be observed, both GTS and WUS signals provide large gain at low load case (more than 30%). However, additional gain of WUS over GTS for such configuration is about 15-20%.
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Figure 4 Comparisons of power consumption reduction gain 
of DRX, DRX+WUS and DRX + GTS relative to w/o DRX configuration
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Figure 5 (a,b) Power consumption reduction in percent relative to configuration w/o DRX

It is expected that combining WUS and GTS offers the best power saving performance due to absorbing the best properties of each signal at the cost of increased overhead. Figure 5 shows such benefits of WUS and GTS combination for DRX configuration 1 for the case of low traffic load and packet sizes 0.1Mbyte (a) and 0.5Mbyte (b). Additional gain due to using of both power saving signals is 10% for small packet size and 5% for packet size 0.5Mbyte. 
As depicted in Figure 6, this combinations provides latency loss similar to configuration of DRX with only WUS due to no loss provided by GTS. In other words, the GTS signal has negligible impacts on the performance of latency. 
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Figure 6 (a, b) Latency for UEs with different geometry, DRX cycle configuration 2,
different configurations of NR UE power saving schemes, packet sizes 0.1Mbyte (a) and 0.5Mbyte (b)

Observation 5: UE power saving scheme with combination of GTS and WUS provides the highest power consumption reduction while latency loss is similar to configuration with DRX+WUS.
Observation 6: The GTS signal has negligible impact on the latency performance.

The UE throughput is another characteristic that should be considered during NR UE power saving study also. It linearly depends on the packet transmission latency. So, a better performance can be achieved by GTS signal due to smaller latency. Figure 7 present comparison of throughput for UEs with different geometry and different configurations.
Observation 7: The GTS signal has negligible impact on the throughput performance.
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Figure 7 (a, b) Throughput of UEs with different geometry, DRX cycle configuration 2,
different configurations of NR UE power saving schemes, packet sizes 0.1Mbyte (a) and 0.5Mbyte (b)


Conclusions
In this contribution, we provide simulation results of FTP download with different file sizes and UE geometry. The above discussion is summarized with the following observations for UE power saving signals:

Observation 1: Using of GTS provides significant gain in power consumption reduction in comparison with the baseline DRX from Rel-15, especially for cell centre UEs.
[bookmark: _GoBack]Observation 2: GTS signal provides larger power saving gain at low and medium load cases 
Observation 3: Using of WUS provides significant gain in power consumption reduction in comparison with the DRX only that is baseline scheme from Rel-15.
Observation 4: The higher gain can be observed with WUS at low and medium load 
Observation 5: UE power saving scheme with combination of GTS and WUS provides the highest power consumption reduction while latency loss is similar to configuration with DRX+WUS.
Observation 6: The GTS signal has negligible impact on the latency performance.
Observation 7: The GTS signal has negligible impact on the throughput performance.
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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
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