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Introduction
A new Rel-15 work item “Even further enhanced MTC for LTE” [1] was approved in RAN#75. 
One objective is to specify the following improvements for machine-type communications for BL/CE UEs.
New requirements:
•	Lower UE power class [RAN4 lead, RAN2]
The reduction of the output power will have some impact on the uplink coverage and system capacity.  The simulation assumption and expected result is discussed in [2] and in this contribution, the system level simulation results on performance metric defined in [2] for BL UE with different low output power are presented and preferred low power UE class is proposed.
[bookmark: _Ref178064866]Simulation overview
The simulations are based on the assumptions as specified in [2].
Scenario 
Simulations are presented for the 3GPP Case 1 and Case 3 scenarios as listed in Table 1. The path gain distribution for the UEs for 3GPP Case 1 and Case 3 is displayed in Figure 1.
[bookmark: _Ref486341801]Table 1: System level parameters.
	Parameter
	Case 1
	Case 3

	Carrier Frequency
	2000 MHz
	2000 MHz

	Network deployment including ISD
	Macro only, ISD = 500m
	Macro only, ISD = 1732m

	Mobility
	3 km/h
	3 km/h

	BS antenna elements
	2 RX, 2 TX
	2 RX, 2 TX

	UE antenna elements
	1 RX, 1 TX
	1 RX, 1 TX

	Mobile NF
	9dB
	9dB

	Base station NF
	5dB
	5dB

	Device power class
	23, 18, 14, 10 dBm
	23, 18, 14, 10 dBm

	Base station power class
	46 dBm 
	46 dBm

	Band width
	FDD: 10 +10 MHz
	FDD: 10 +10 MHz
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[bookmark: _Ref486450622]Figure 1: Path gain distribution for 3GPP Case 1 and Case 3 simulations, respectively.
Simulation parameter assumptions
Table 2 lists assumptions used for the evaluations of low output power BL UE. 
[bookmark: _Ref486342036]Table 2: Assumptions used to evaluate low output power BL UE.
	Protocol layer parameters

	Higher layer procedure
	RRC Resume

	RLC mode
	Acknowledged

	Physical layer parameters

	UE Carrier bandwidth
	1.4MHz (6 PRB) 

	Frame structure
	FDD

	System parameters

	ISD
	500m or 1732m

	Cell grid
	Hexagonal macro grid

	System size
	21 cells



Traffic model
The traffic model used in the simulations is described in the study TR 45.820 Cellular system support for ultra-low complexity and low throughput Internet of Things,[3]. One important part of the assumptions used in this study was the traffic model which was intended to model future massive MTC traffic patterns. It contained two type of message transfers; Mobile Autonomous Reporting (MAR) and Network Command (NC).
According to this model 80% of the devices are assumed to send a MAR with Pareto distributed application level payload ranging between 20 and 200 bytes. In 50% of the cases the network is assumed to respond to the MAR with an application level acknowledgment that for simplicity is assumed to contain 0 bytes payload.
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Figure 2. Pareto distributed payload ranging between 20 and 200 bytes with mean 33.6 bytes Error! Reference source not found.
For the remaining 20% of the devices the network is assumed to send a 20 byte command. In 50% of these cases the devices are assumed to respond with an uplink report following the same Pareto distribution as the MAR.
On top of these packet sizes comes overhead from application, security, transport, and internet protocols as summarized in Table 3.
[bookmark: _Ref486450850]Table 3: Application, security, transport, and internet protocol overheads.
	Protocol layer
	Overhead [bytes]

	COAP
	4

	DTLS
	13

	UDP
	8

	IP
	40

	Total
	65



The MAR and NC arrival intensities were assumed to range between 30 minutes to 24 hours to model different types of devices with different traffic profiles. Table 4 summarizes these assumptions. It can be noted that this implies that a device on average is active once every 2.14 hours.
[bookmark: _Ref486450818]Table 4: Mobile autonomous reporting and network command periodicity and distribution across the device population.
	Report periodicity [hours]
	Device distribution [%]

	24 
	40

	2
	40

	1
	15

	0.5
	5



In the simulations a maximum transaction time of 20s was used and a UE that has not succeeded within this time was terminated. Hence, the maximum transaction time seen in the simulations is 20s.
Simulated cases
In real network, it is foreseen the different power class BL UE could be mixed and low power BL UE will get performance penalty due to the interference from the 23 dBm power BL UE and also the performance of the 23 dBm may be impacted by the low power BL UE. It is proposed in [2] to use the different proportion of mixed high/low power BL UE to evaluate the network performance. The high power BL UE is 23 dBm and low power BL UE is X dBm where X is chosen from {18, 14, 10}.
Table 5: Simulation cases with different mixes of high and low power UEs
	Experiment #
	High power BL UE (percentage)
	Low power BL UE (percentage)

	1
	100
	0

	2
	75
	25

	3
	50
	50

	4
	25
	75

	5
	0
	100



This contribution present results for all cases except Experiment 4. 
Simulation results
Performance metrics
In accordance with [2] to, results on the following performance metrics are presented:
· User plane latency
The user plane latency follows the definition as specified in [3] (chapter 7.1.6);  the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point at the mobile device to the radio protocol layer 2/3 SDU egress point in the RAN,
It should be noted that the maximum user life time is set to 20s in the simulations, and a user that has not successfully completed the transaction within this time is terminated.
· Network resource usage
The network resource usage is presented as the average number of used PRBs of one narrowband in both the uplink and the downlink.
· Number of UL repetitions
The number of repetitions needed for a successful uplink transmission.  
[bookmark: _Ref490062555]Discussion
In the following, the analysis of the user plane latency is presentenced for the MAR user. Detailed results of the simulations are displayed in Section 6 (Appendix A), and as seen from the detailed diagrams in Appendix A, no significant different is observed when analyzing also the NC users.
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[bookmark: _Ref490035935]Figure 3: User plane latency for 3GPP Case 1 deployment scenario for all users with 23 dBm and 10 dBm power class, respectively.
From Figure 3 and Figure 8 (Appendix A) it can be observed that for the 3GPP Case 1 scenario and all users with the same power class, the 95-percentile user plane latency is 0.2 s for 23 dBm UE power and 0.3 s for 10 dBm UE power class for an arrival intensity of 70 users/s. Similarly, the success rate (i.e. the number of users that successfully completes a transaction within the maximum user live time of 20 s) is 100% for user intensity below 70 users/s for both 23 dBm and 10 dBm UE power class. For an intensity of 80 users/s, the success rate is 30% and 25%, respectively, for 23 dBm and 10 dBm UE power class. 
Thus, it can be concluded that for the 3GPP Case 1 scenario there is only a minor difference in the user plane latency performance. This is considered to be due to the good radio conditions (low path loss) for the users in this scenario.
[bookmark: _Toc489983018][bookmark: _Toc490052456][bookmark: _Toc490059918][bookmark: _Toc490062612][bookmark: _Toc490062675][bookmark: _Toc490062724][bookmark: _Toc490062761][bookmark: _Toc490063738][bookmark: _Toc490063757][bookmark: _Toc490063789][bookmark: _Toc490063807][bookmark: _Toc490064042][bookmark: _Toc490064318][bookmark: _Toc490064891][bookmark: _Toc490065829][bookmark: _Toc490066095][bookmark: _Toc490066137][bookmark: _Toc490066202][bookmark: _Toc490219270][bookmark: _Toc490223460][bookmark: _Toc490223708]The difference in user plane latency for different BL UE power mixing is not significant in the scenario with users in good radio conditions (3GPP Case 1).
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[bookmark: _Ref490038643]Figure 4: User plane latency for 3GPP Case 3 deployment scenario for all users with 23, 18, 14, and 10 dBm power class, respectively.
From Figure 4 (and Figure 9 in Appendix A) it can be seen that for 3GPP Case 3 and all users with the same power class, more than 50 users/s may be served with UE power class 23 dBm. With lower UE power class, the number of served users decreases to 40, 30, and 20, for the lower UE power of 18, 14, and 10 dBm, respectively. 
The user plane latency for the 95-percentile user with a user intensity of 20 users/s is 0.3 s for 23 dBm UE power, 0.5 for 18 dBm UE power, 0.8 for 14 dBm UE power, and >10 s for 10 dBm UE power.
Figure 12 and Figure 16 in Appendix A displays the user plane latency for the low power UE with a mix of 23 dBm power UE and low power UE. For these cases, the trend is similar to the case with all UE of the same power as outlined in Figure 4.
[bookmark: _Toc489983019][bookmark: _Toc490052457][bookmark: _Toc490059919][bookmark: _Toc490062613][bookmark: _Toc490062676][bookmark: _Toc490062725][bookmark: _Toc490062762][bookmark: _Ref490062842][bookmark: _Ref490062850][bookmark: _Ref490062941][bookmark: _Toc490063739][bookmark: _Toc490063758][bookmark: _Toc490063790][bookmark: _Toc490063808][bookmark: _Toc490064043][bookmark: _Toc490064319][bookmark: _Toc490064892][bookmark: _Toc490065830][bookmark: _Toc490066096][bookmark: _Toc490066138][bookmark: _Toc490066203][bookmark: _Toc490219271][bookmark: _Toc490223461][bookmark: _Toc490223709]For the 3GPP Case 3 scenario, the difference in user plane latency for the power classes starts to be apparent at 20 user/s where the latency for 10 dBm BL UE is 10 times higher than for 14 dBm BL UE.
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[bookmark: _Ref490059972]Figure 5: User plane latency of 23 dBm power UE for 3GPP Case 3 with 50% Pm=23 dBm and 50% Pm=X dBm
The impact of the lower UE power class on the user plane latency of 23 dBm power class UEs is displayed in Figure 5 (and Figure 11, Figure 13, Figure 15, and Figure 17 in Appendix A). For the case of a mix of 50% 23 dBm power UE and 50% low power UE, it can be seen that for the 3GPP Case 3 scenario 50 users/s may be served with 18 dBm, 40-50 users/s with 14 dBm, and 30-40 users/s if the lower UE power is 10 dBm. 
The user plane latency for the 95-percentile user (with 23 dBm UE power) at the intensity of 30 users/s is 0.3s if only 23 dBm UEs are used and 0.4s, 0.5s, >10s for the case of a mix of 23 dBm UE and 18, 14, and 10 dBm UEs, respectively. 
[bookmark: _Toc490062614][bookmark: _Toc490062677][bookmark: _Toc490062726][bookmark: _Toc490062763][bookmark: _Ref490063143][bookmark: _Toc490063740][bookmark: _Toc490063759][bookmark: _Toc490063791][bookmark: _Toc490063809][bookmark: _Toc490064044][bookmark: _Toc490064320][bookmark: _Toc490064893][bookmark: _Toc490065831][bookmark: _Toc490066097][bookmark: _Toc490066139][bookmark: _Toc490066204][bookmark: _Toc490219272][bookmark: _Toc490223462][bookmark: _Toc490223710][bookmark: _Toc490059920]The use of low power UEs has an impact on the user plane latency of the 23 dBm power UEs in a scenario with mixed UE power classes and is most significant for the 10 dBm UE power.
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Network resource utilization
Similar to that the user plane latency is not significantly affected by the UE power class for the 3GPP Case 1 scenario, neither the network resource utilization is significantly affected by the UE power class in the 3GPP Case 1 scenario, see Figure 18, Figure 19, and Figure 20 in Appendix A.
[bookmark: _Toc490059921][bookmark: _Toc490062616][bookmark: _Toc490062679][bookmark: _Toc490062729][bookmark: _Toc490062764][bookmark: _Toc490063741][bookmark: _Toc490063760][bookmark: _Toc490063792][bookmark: _Toc490063810][bookmark: _Toc490064045][bookmark: _Toc490064321][bookmark: _Toc490064894][bookmark: _Toc490065832][bookmark: _Toc490066098][bookmark: _Toc490066140][bookmark: _Toc490066205][bookmark: _Toc490219273][bookmark: _Toc490223463][bookmark: _Toc490223711][bookmark: _Toc489983020][bookmark: _Toc490052458]The difference in network resource utilization for the different BL UE power is not significant for the scenario with users in good radio conditions (3GPP Case 1).
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[bookmark: _Ref490058943]Figure 6: Network resource utilization for 3GPP Case 3 with 50% Pm=23 dBm and 50% Pm=X dBm. The case of 100% UEs with 23 dBm power class is included as reference
For the 3GPP Case 3 scenario, the network resource utilization for the same user intensity increases for the lower UE power classes. The increase is not “linear” but a threshold of the user intensity at which the resource utilization is significantly increased can be observed. As seen from Figure 6, for the case with a mix of 50% users with 23 dBm UE power and 50% lower UE power, the average the network resource is above 30% at a user arrival intensity of 15 users/s for the case of 10 dBm UE power whereas 25 users/s may be served at the same network resource utilization with a  lower UE power of 14 dBm. For comparison, 35 users/s may be served with only 23 dBm BL UEs at the same maximum average load of the UL or DL.
[bookmark: _Toc490059922][bookmark: _Toc490062617][bookmark: _Toc490062680][bookmark: _Toc490062730][bookmark: _Toc490062765][bookmark: _Toc490063742][bookmark: _Toc490063761][bookmark: _Toc490063793][bookmark: _Toc490063811][bookmark: _Toc490064046][bookmark: _Toc490059923][bookmark: _Toc490062618][bookmark: _Toc490062681][bookmark: _Toc490062731][bookmark: _Toc490062766][bookmark: _Ref490063018][bookmark: _Toc490063743][bookmark: _Toc490063762][bookmark: _Toc490063794][bookmark: _Toc490063812][bookmark: _Toc490064047][bookmark: _Toc490064322][bookmark: _Toc490064895][bookmark: _Toc490065833][bookmark: _Toc490066099][bookmark: _Toc490066141][bookmark: _Toc490066206][bookmark: _Toc490219274][bookmark: _Toc490223464][bookmark: _Toc490223712][bookmark: _Toc489983021][bookmark: _Toc490052459]The use of 10 dBm UE power would significantly reduce the system capacity in the 3GPP Case 3 scenario. 

Number of UL repetitions
Similar as to the case for user plane latency and network resource utilization, there is no significant impact on the number of UL repetitions for the 3GPP Case 1 scenario, see Figure 21, Figure 23, and Figure 25 in Appendix A.
[bookmark: _Toc490062619][bookmark: _Toc490062682][bookmark: _Toc490062732][bookmark: _Toc490062767][bookmark: _Toc490063744][bookmark: _Toc490063763][bookmark: _Toc490063795][bookmark: _Toc490063813][bookmark: _Toc490064048][bookmark: _Toc490062620][bookmark: _Toc490062683][bookmark: _Toc490062733][bookmark: _Toc490062768][bookmark: _Toc490063745][bookmark: _Toc490063764][bookmark: _Toc490063796][bookmark: _Toc490063814][bookmark: _Toc490064049][bookmark: _Toc490064323][bookmark: _Toc490064896][bookmark: _Toc490065834][bookmark: _Toc490066100][bookmark: _Toc490066142][bookmark: _Toc490066207][bookmark: _Toc490219275][bookmark: _Toc490223465][bookmark: _Toc490223713][bookmark: _Toc489983023][bookmark: _Toc490052461][bookmark: _Toc490059924]The difference in UL repetitions difference for different BL UE power is not apparent for the scenario with users in good radio conditions (3GPP Case 1).
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[bookmark: _Ref490061683]Figure 7: Number of PUSCH repetitions for 3GPP Case 3 for all UEs with the same power class.
The average number of repetitions used for the respective UE power classes for the 3GPP Case 3 scenario is displayed in Figure 7 (and Figure 22, Figure 24, and Figure 26 in Appendix A). It should be noted that the diagram also includes the user intensities for which a significant amount of users may not be served within the 20s, e.g. the user intensity of 30, 40, and 50 users/s for the UE power of 10 dBm, c.f. Figure 4. These evaluation points should not be considered for the number of UL repetitions since they contain a biased set of users (i.e. mainly users in good radio). It can be noted that 30 repetitions are needed for the 14 dBm UE power whereas on average 100 repetitions are needed for the 95-percentile user for 10 dBm UE power   
[bookmark: _Toc490062621][bookmark: _Toc490062684][bookmark: _Toc490062734][bookmark: _Toc490062769][bookmark: _Toc490063746][bookmark: _Toc490063765][bookmark: _Toc490063797][bookmark: _Toc490063815][bookmark: _Toc490064050][bookmark: _Toc490064324][bookmark: _Toc490064897][bookmark: _Toc490065835][bookmark: _Toc490066101][bookmark: _Toc490066143][bookmark: _Toc490066208][bookmark: _Toc490219276][bookmark: _Toc490223466][bookmark: _Toc490223714]For the 3GPP Case 3 scenario, a 14 dBm UE power requires 30 repetitions for the 95-percentile user and a 10 dBm UE power requires 100 repetitions for the 95-percentile user
 Summary
Since the user plane latency is significantly affected already at a low user intensity (see Observation 2), the impact on the 23 dBm power UEs is significant (see Observation 3), and the system capacity is significantly increased (see Observation 5) for the case of 10 dB UE power, it is proposed to not use 10 dBm as the lower UE power class.
[bookmark: _Toc489983025][bookmark: _Toc490052463][bookmark: _Toc490059926][bookmark: _Toc490062622][bookmark: _Toc490062685][bookmark: _Toc490062735][bookmark: _Toc490062770][bookmark: _Toc490063747][bookmark: _Toc490063766][bookmark: _Toc490063798][bookmark: _Toc490063816][bookmark: _Toc490064051][bookmark: _Toc490064325][bookmark: _Toc490064898][bookmark: _Toc490065836][bookmark: _Toc490066102][bookmark: _Toc490066144][bookmark: _Toc490066209][bookmark: _Toc490219277][bookmark: _Toc490223467][bookmark: _Toc490223715]Based on the simulations of the impact on the user plane latency for both the low power UE and the 23 dBm power UE, and the network resource utilization it is proposed that the BL UE has at least 14 dBm power.
The use of a lower power UE will impact the system performance. In order to control the impact, the following possibilities for controlling the operation of the low power UEs are proposed:
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[bookmark: _Toc490223718]The RSRP thresholds for PRACH CE level selection should be possible to compensate for a lower power class UE
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In section 3 we made the following observations:
Observation 1	The difference in user plane latency for different BL UE power mixing is not significant in the scenario with users in good radio conditions (3GPP Case 1).
Observation 2	For the 3GPP Case 3 scenario, the difference in user plane latency for the power classes starts to be apparent at 20 user/s where the latency for 10 dBm BL UE is 10 times higher than for 14 dBm BL UE.
Observation 3	The use of low power UEs has an impact on the user plane latency of the 23 dBm power UEs in a scenario with mixed UE power classes and is most significant for the 10 dBm UE power.
Observation 4	The difference in network resource utilization for the different BL UE power is not significant for the scenario with users in good radio conditions (3GPP Case 1).
Observation 5	The use of 10 dBm UE power would significantly reduce the system capacity in the 3GPP Case 3 scenario.
Observation 6	The difference in UL repetitions difference for different BL UE power is not apparent for the scenario with users in good radio conditions (3GPP Case 1).
Observation 7	For the 3GPP Case 3 scenario, a 14 dBm UE power requires 30 repetitions for the 95-percentile user and a 10 dBm UE power requires 100 repetitions for the 95-percentile user

Based on the discussion in section 3 we propose the following:
Proposal 1	Based on the simulations of the impact on the user plane latency for both the low power UE and the 23 dBm power UE, and the network resource utilization it is proposed that the BL UE has at least 14 dBm power.
Proposal 2	The cell selection threshold should be possible to compensate for a lower power class UE
Proposal 3	It should be possible to prevent the lower power class UE from using certain PRACH CE levels
Proposal 4	The RSRP thresholds for PRACH CE level selection should be possible to compensate for a lower power class UE
Proposal 5	Capture the agreements in an LS to RAN1 and RAN2
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User plane latency
Experiment 1 and 5 – All UEs with the same power class
[image: ]
[bookmark: _Ref490035947]Figure 8: User plane latency for 3GPP Case 1 with all UEs with the same power class
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[bookmark: _Ref490038704]Figure 9: User plane latency for 3GPP Case 3 with all UEs with the same power class
Experiment 2 – 75% with 23 dBm power and 25% with low power class
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Figure 10: User plane latency of low power UE for 3GPP Case 1 with 75% Pm=23 dBm and 25% Pm=X dBm
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[bookmark: _Ref490059981]Figure 11: User plane latency of 23 dBm power UE for 3GPP Case 1 with 75% Pm=23 dBm and 25% Pm=X dBm
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[bookmark: _Ref490051439]Figure 12: User plane latency of low power UE for 3GPP Case 3 with 75% Pm=23 dBm and 25% Pm=X dBm
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[bookmark: _Ref490059983]Figure 13: User plane latency of 23 dBm power UE for 3GPP Case 3 with 75% Pm=23 dBm and 25% Pm=X dBm

Experiment 3 – 50% with 23 dBm power and 50% with low power class
[image: ]
Figure 14: User plane latency of low power UE for 3GPP Case 1 with 50% Pm=23 dBm and 50% Pm=X dBm
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[bookmark: _Ref490059984]Figure 15: User plane latency of 23 dBm power UE for 3GPP Case 1 with 50% Pm=23 dBm and 50% Pm=X dBm
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[bookmark: _Ref490051441]Figure 16: User plane latency of low power UE for 3GPP Case 3 with 50% Pm=23 dBm and 50% Pm=X dBm
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[bookmark: _Ref490059986]Figure 17: User plane latency of 23 dBm power UE for 3GPP Case 3 with 50% Pm=23 dBm and 50% Pm=X dBm



Network resource utilization
Experiment 1 and 5 – All UEs with the same power class:
[image: ]
[bookmark: _Ref490057217]Figure 18: Network resource utilization for 3GPP Case 1 and Case 3, respectively, for all UEs with the same power class. 
Experiment 2 – 75% with 23 dBm power and 25% with low power class:
[image: ]
[bookmark: _Ref490057219]Figure 19: Network resource utilization for 3GPP Case 1 and Case 3, respectively, with 75% Pm=23 dBm and 25% Pm=X dBm. The case of 100% UEs with 23 dBm power class is included as reference 
Experiment 3 – 50% with 23 dBm power and 50% with low power class:
[image: ]
[bookmark: _Ref490057222]Figure 20: Network resource utilization for 3GPP Case 1 and Case 3, respectively, with 50% Pm=23 dBm and 50% Pm=X dBm. The case of 100% UEs with 23 dBm power class is included as reference
Number of UL repetitions
Experiment 1 and 5 – All UEs with the same power class
[image: ]
[bookmark: _Ref490061260]Figure 21: Number of PUSCH repetitions for 3GPP Case 1 for all UEs with the same power class.
[image: ]
[bookmark: _Ref490061750]Figure 22: Number of PUSCH repetitions for 3GPP Case 3 for all UEs with the same power class.
Experiment 2 – 75% with 23 dBm power and 25% with low power class
[image: ]
[bookmark: _Ref490061262]Figure 23: Number of PUSCH repetitions for 3GPP Case 1 with 75% Pm=23 dBm and 25% Pm=X dBm

[image: ]
[bookmark: _Ref490061752]Figure 24: Number of PUSCH repetitions for 3GPP Case 3 with 75% Pm=23 dBm and 25% Pm=X dBm
Experiment 3 – 50% with 23 dBm power and 50% with low power class

[image: ]
[bookmark: _Ref490061263]Figure 25: Number of PUSCH repetitions for 3GPP Case 1 with 50% Pm=23 dBm and 50% Pm=X dBm
[image: ]
[bookmark: _Ref490061753]Figure 26: Number of PUSCH repetitions for 3GPP Case 3 with 50% Pm=23 dBm and 50% Pm=X dBm
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