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1.
Introduction

The WI proposal to specify the Public Safety Broadband High Power UE for Band 14 (B14) for Region 2 requirements was approved in RAN#55 [1]. One objective of the WI is to take into account the co-existence and compatibility of LTE systems deployed in the 700MHz band.
In this paper, we provide our simulation results using the agreed simulation assumptions in the TR 36.837 [2]. We show here the impact of the ACLR of the Band 14 High Power (HP) UE on the uplink (UL) throughput of the coexisting Band 13 E-UTRA network.
2.
Simulation assumptions
We used the agreed simulation assumptions in the TR 36.837 [2] in our simulation runs. But it is not clear in [2] whether the PLx-ile values specified in tables 5.4.1.2-2 and 5.4.1.3-1 are based on the original definition in [3] (i.e. include only propagation loss and fading) before the clarification in the agreed CR [4] (i.e. include also BS and UE antenna gains). If the PLx-ile values include also BS and UE antenna gains, then with power control (PC) set 1 (with γ=1) a Band 14 HP UE will transmit with 10 dB lower power than a Band 13 UE (with 23 dBm maximum power) when they have identical coupling loss to their serving BS. This will lead to quite optimistic results on the Band 13 UL throughput loss due to the Band 14 HP UE. The current parameters for power control (PC) set 1 (with γ=1) and PC set 2 (with γ=0.8) are shown below in table 1; and the CDF of the UE transmit power using the parameter set 1 and set 2 are shown below in figures 1 and 2, respectively.

Table 1: Power control algorithm parameters according to TR36.837
	Parameter set
	Gamma
	CLx-ile (10MHz bandwidth, 45m antenna height)

	
	
	23 dBm UE, 4km cell range
	HP UE, 8km cell range

	Set 1
	1
	111
	131

	Set 2
	0.8
	126
	148.5
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Figure 1: CDF of UE transmit power using PC algorithm parameter set 1
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Figure 2: CDF of UE transmit power using PC algorithm parameter set 2
On the other hand, if the PLx-ile values include only propagation loss and fading, then a correction factor would need to be included to calculate the UE transmit power (15-6=9 dB for Band 13 UE and 15-1=14 dB for Band 14 HP UE) to take into account the BS and UE antenna gains. It has been clarified offline that the PLx-ile values in [5] include only propagation loss and fading, and the correction factor was included to calculate the UE transmit power. Hence the resultant parameters can be specified using CLx-ile as shown below in table 2; and the CDF of the UE transmit power using the parameter set 1a and set 2a are shown below in figures 3 and 4, respectively.

Table 2: Power control algorithm parameters according to R4-122348
	Parameter set
	Gamma
	CLx-ile (10MHz bandwidth, 45m antenna height)

	
	
	23 dBm UE, 4km cell range
	HP UE, 8km cell range

	Set 1a
	1
	102
	117

	Set 2a
	0.8
	117
	134.5
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Figure 3: CDF of UE transmit power using PC algorithm parameter set 1a
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Figure 4: CDF of UE transmit power using PC algorithm parameter set 2a
It has also been clarified offline that the PLx-ile values in [6] include also BS and UE antenna gains, but the HP UE PLx-ile values are increased by (33-23)/Gamma compared to the 23 dBm UE. For the purpose of comparison, we also obtained the simulation results using these parameters as shown below in table 3; and the CDF of the UE transmit power using the parameter set 1b and set 2b are shown below in figures 5 and 6, respectively.

Table 3: Power control algorithm parameters according to R4-122967
	Parameter set
	Gamma
	CLx-ile (10MHz bandwidth, 45m antenna height)

	
	
	23 dBm UE, 4km cell range
	HP UE, 8km cell range

	Set 1b
	1
	111
	121

	Set 2b
	0.8
	126
	138.5
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Figure 5: CDF of UE transmit power using PC algorithm parameter set 1b
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Figure 6: CDF of UE transmit power using PC algorithm parameter set 2b
It can be seen in figure 3 that using PC set 1a, the 23 dBm UE will statistically transmit the same power as the HP UE, resulting in over 30 % of the UE transmitting with maximum power. This is unlikely to be the situation in real life network as this would cause significant consumption of the UE power.
On the other hand, it can be seen in figure 1 that using PC set 1, the HP UE will statistically transmit 5 dB less power than the 23 dBm UE, to account for the increased UE antenna (5 dB) and the UE are seldom transmitting with maximum power. And it can be seen in figure 5 that using PC set 1b, the HP UE will statistically transmit 5 dB more power than the 23 dBm UE, to account for the increased propagation loss (up to 10 dB) and UE antenna (5 dB); here less than 5 % of the 33 dBm UE are transmitting with maximum power. In both cases, this means that the UE is underutilizing the available power from the PA or the operation scenarios can be covered with less than 33 dBm maximum power. Also this would give quite optimistic results on the Band 13 UL throughput loss due to the Band 14 HP UE.

Aiming for around the same percentage (around 10 % which we consider to be appropriate with PC set 1) of 23 dBm and HP UE transmitting with maximum power, we also obtained the simulation results using a combination of the parameters in [5] and [6] as shown below in table 4; and the CDF of the UE transmit power using the parameter set 1c and set 2c are shown below in figures 7 and 8, respectively.
Table 4: Power control algorithm parameters combining R4-122348 and R4-122967
	Parameter set
	Gamma
	CLx-ile (10MHz bandwidth, 45m antenna height)

	
	
	23 dBm UE, 4km cell range
	HP UE, 8km cell range

	Set 1c
	1
	111
	117

	Set 2c
	0.8
	126
	134.5
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Figure 7: CDF of UE transmit power using PC algorithm parameter set 1c
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Figure 8: CDF of UE transmit power using PC algorithm parameter set 2c
It can be seen in figure 7 that using PC set 1b, around 10 % of both 23 dBm and HP UE are transmitting with maximum power, and the HP UE will statistically transmit 9 dB more power than the 23 dBm UE.
3.
Simulation results and discussions
The impact of the adjacent channel leakage ratio (ACLR) offset of the Band 14 UE on the UL throughput of the coexisting Band 13 E-UTRA network with PC algorithm parameter set 1 and set 2 are shown below in figures 9 and 10, respectively.
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Figure 9: Band 13 UL throughput loss Vs ACLR offset of the Band 14 UE (PC set 1)
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Figure 10: Band 13 UL throughput loss Vs ACLR offset of the Band 14 UE (PC set 2)
The impact of the ACLR offset of the Band 14 UE on the UL throughput of the coexisting Band 13 E-UTRA network with PC algorithm parameter set 1a and set 2a are shown below in figures 11 and 12, respectively.
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Figure 11: Band 13 UL throughput loss Vs ACLR offset of the Band 14 UE (PC set 1a)
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Figure 12: Band 13 UL throughput loss Vs ACLR offset of the Band 14 UE (PC set 2a)
The impact of the ACLR offset of the Band 14 UE on the UL throughput of the coexisting Band 13 E-UTRA network with PC algorithm parameter set 1b and set 2b are shown below in figures 13 and 14, respectively.
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Figure 13: Band 13 UL throughput loss Vs ACLR offset of the Band 14 UE (PC set 1b)
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Figure 14: Band 13 UL throughput loss Vs ACLR offset of the Band 14 UE (PC set 2b)
The impact of the ACLR offset of the Band 14 UE on the UL throughput of the coexisting Band 13 E-UTRA network with PC algorithm parameter set 1c and set 2c are shown below in figures 15 and 16, respectively.
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Figure 15: Band 13 UL throughput loss Vs ACLR offset of the Band 14 UE (PC set 1c)
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Figure 16: Band 13 UL throughput loss Vs ACLR offset of the Band 14 UE (PC set 2c)
The ACLR offset of the 33 dBm Band 14 UE which cause the same Band 13 UL throughput loss as 23 dBm Band 14 UE (with 0 dB ACLR offset) are summarized below in table 5.
Table 5: ACLR offset of 33 dBm UE causing same throughput loss as 23 dBm UE
	PC parameter set
	ACLR offset [dB] with the same average throughput loss
	ACLR offset [dB] with the same 5%-tile throughput loss

	PC set 1
	-8
	-7

	PC set 2
	-10
	-9

	PC set 1a
	0
	-1

	PC set 2a
	-5
	-4

	PC set 1b
	5
	4

	PC set 2b
	0
	-1

	PC set 1c
	10
	8

	PC set 2c
	5
	3


It can be seen from table 5 the required ACLR offset of the 33 dBm Band 14 UE to cause the same Band 13 UL throughput loss as 23 dBm Band 14 UE (with 0 dB ACLR offset) largely depend on the PC algorithm parameters used by the network. Since UE would be roaming among networks that use different PC algorithm parameters, we propose to specify an additional ACLR offset of 10 dB (i.e. ACLR of 40 dB) for the 33 dBm Band 14 UE, in order to protect the Band 13 networks with different PC algorithm parameters setting.
4.
Conclusions
In this paper, we have provided our simulation results showing the impact of the ACLR of the 33 dBm Band 14 UE on the UL throughput of the coexisting Band 13 E-UTRA network.  The simulation results have shown that the required ACLR offset of the 33 dBm Band 14 UE to cause the same Band 13 UL throughput loss as 23 dBm Band 14 UE (with 0 dB ACLR offset) largely depend on the PC algorithm parameters used by the network. Therefore, we propose to specify an additional ACLR offset of 10 dB (i.e. ACLR of 40 dB) for the 33 dBm Band 14 UE, in order to protect the Band 13 networks with different PC algorithm parameters setting.
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