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1.	Introduction
The study item on High-power UE operation for fixed-wireless/vehicle-mounted use cases in Band 12, Band 5, and Band n71 was approved at TSG RAN#88-e [1]. The purpose of this study item is to study RF requirements that are applicable for high power UE operation in LTE band 12 and band 5, and in NR band n71 for fixed wireless and vehicle-mounted use cases, in ITU Region 2.
One of the objectives of this study item is to carry out coexistence study to evaluate the throughput OOBE impact on a victim band from a high-power aggressor in Band 12, Band 5, and Band n71. The simulation assumptions for the coexistence study was agreed in RAN4#96-e [2], where the UL HPUE Vs NB-IoT in-band operation scenario was classified as low priority. This contribution provides the coexistence simulation results for this scenario according to the agreed assumptions in [2] and a text proposal for approval to record the simulation results and observations into TR 37.880 [3].

2.	Discussion
[bookmark: _Toc336211415]The interference leaked from LTE UL to NB-IoT UL (on 3.75kHz subcarrier level) are the average leakage values based on the inputs from several interested companies [4] and provided in Table 1 below [5].
Table 1: LTE leakage to NB-IoT
	LTE to NB-IoT, leakage in dB

	NB-IoT subcarrier
	0
	1
	2
	3
	4
	5
	6
	7

	Leakage
	-5.40
	-14.18
	-13.68
	-10.39
	-12.00
	-18.40
	-16.10
	-13.07

	NB-IoT subcarrier
	8
	9
	10
	11
	12
	13
	14
	15

	Leakage
	-14.44
	-19.94
	-17.20
	-14.65
	-15.85
	-19.60
	-18.21
	-15.54

	NB-IoT subcarrier
	16
	17
	18
	19
	20
	21
	22
	23

	Leakage
	-16.56
	-21.01
	-18.62
	-15.93
	-16.62
	-21.05
	-18.67
	-16.19

	NB-IoT subcarrier
	24
	25
	26
	27
	28
	29
	30
	31

	Leakage
	-16.54
	-20.67
	-18.62
	-16.41
	-16.28
	-19.69
	-19.48
	-16.30

	NB-IoT subcarrier
	32
	33
	34
	35
	36
	37
	38
	39

	Leakage
	-15.87
	-20.28
	-19.12
	-15.52
	-15.05
	-19.06
	-19.02
	-14.22

	NB-IoT subcarrier
	40
	41
	42
	43
	44
	45
	46
	47

	Leakage
	-13.12
	-18.05
	-18.14
	-11.61
	-10.29
	-15.63
	-13.26
	-5.14



The simulation results of the victim NB-IoT UE (with 2km cell radius) and interfering UE transmit power with 23dBm LTE UE (with 2km cell radius) and 31dBm HPUE (with 4km cell radius) are provided in Figures 1 and 2 below. It can be seen from the figures that around 8% and 5% of the interfering UE are transmitting at maximum power, respectively, with 23dBm LTE UE and 31dBm HPUE.
[image: ]
Figure 1: NB-IoT and 23dBm LTE UE transmit power
[image: ]
Figure 2: NB-IoT and 31dBm HPUE transmit power

The simulation results of the victim NB-IoT UE UL SINR with 23dBm interfering LTE UE (with 2km cell radius) and 31dBm interfering HPUE (with 4km cell radius) are provided in Figures 3 and 4 below. It can be seen from the figures that the victim NB-IoT UE UL SINR degradation caused by the 23dBm interfering LTE UE and 31dBm interfering HPUE are within 1.7dB difference.
[image: ]
Figure 3: NB-IoT UE UL SINR with 23dBm interfering LTE UE
[image: ]
Figure 4: NB-IoT UE UL SINR with 31dBm interfering HPUE
The victim NB-IoT UE UL SINR degradation caused by the 23dBm interfering LTE UE and 31dBm interfering HPUE at 5%, 50%, 95% and 99% CDF points are summarized in Table 2 below. It can be seen from the table that the victim NB-IoT UE UL SINR degradation caused by the 23dBm interfering LTE UE and 31dBm interfering HPUE have 1.7dB, 0.6dB, 0.4dB and 0.4dB differences, respectively, at 5%, 50%, 95% and 99% CDF points.
Table 2: NB-IoT UE UL SINR loss at different CDF points
	Interfering UE maximum output power (dBm)
	NB-IoT UE UL SINR loss at 5% (dB)
	NB-IoT UE UL SINR loss at 50% (dB)
	NB-IoT UE UL SINR loss at 95% (dB)
	NB-IoT UE UL SINR loss at 99% (dB)

	23
	2.8
	1.5
	1.5
	1.5

	31
	4.5
	2.1
	1.9
	1.9



It should be noted that this evaluation is done considering a worst case deployment, where all NB-IoT subcarriers are scheduled, even those adjacent to LTE PRBs. By not scheduling the 1 or 2 NB-IoT subcarriers adjacent to LTE PRBs, the overall leakage would be reduced and the impact would be minimized. Moreover, as the victim NB-IoT subcarriers are within the aggressor LTE channel bandwidth, i.e. within the same operator spectrum, it is expected that the operator will handle the UL SINR degradation using mitigation techniques like improved filtering or internal gap between the NB-IoT and LTE subcarriers.

3.	Conclusion
This contribution has provided the coexistence simulation results for the UL HPUE Vs NB-IoT in-band operation scenario according to the agreed assumptions.
The simulation results have shown that:
1) The victim NB-IoT UE UL SINR degradation caused by the 23dBm interfering LTE UE and 31dBm interfering HPUE are within 1.7dB difference.
2) The victim NB-IoT UE UL SINR degradation caused by the 23dBm interfering LTE UE and 31dBm interfering HPUE have 1.7dB, 0.6dB, 0.4dB and 0.4dB differences, respectively, at 5%, 50%, 95% and 99% CDF points.
It should be noted that this evaluation is done considering a worst case deployment, where all NB-IoT subcarriers are scheduled, even those adjacent to LTE PRBs. By not scheduling the 1 or 2 NB-IoT subcarriers adjacent to LTE PRBs, the overall leakage would be reduced and the impact would be minimized. Moreover, as the victim NB-IoT subcarriers are within the aggressor LTE channel bandwidth, i.e. within the same operator spectrum, it is expected that the operator will handle the UL SINR degradation using mitigation techniques like improved filtering or internal gap between the NB-IoT and LTE subcarriers.

4.	Text proposal
[bookmark: _Toc5942621]<Start of text proposal>
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<Next change>
[bookmark: _Toc62822403][bookmark: _Toc346003824]5.2.2	UL HPUE Vs NR / NB-IoT guard band operation
The interference leaked from LTE UL to NB-IoT UL (on 3.75kHz subcarrier level) are the average leakage values based on the inputs from several interested companies [9] and provided in Table 5.2.2-1 below [10].
Table 5.2.2-1: LTE leakage to NB-IoT
	LTE to NB-IoT, leakage in dB

	NB-IoT subcarrier
	0
	1
	2
	3
	4
	5
	6
	7

	Leakage
	-5.38
	-14.87
	-14.69
	-10.43
	-11.99
	-19.59
	-16.56
	-13.54

	NB-IoT subcarrier
	8
	9
	10
	11
	12
	13
	14
	15

	Leakage
	-15.59
	-20.50
	-18.97
	-15.84
	-17.58
	-22.04
	-20.38
	-17.60

	NB-IoT subcarrier
	16
	17
	18
	19
	20
	21
	22
	23

	Leakage
	-18.75
	-22.70
	-20.76
	-18.67
	-19.62
	-23.43
	-21.75
	-19.67

	NB-IoT subcarrier
	24
	25
	26
	27
	28
	29
	30
	31

	Leakage
	-19.98
	-23.72
	-22.52
	-20.82
	-20.65
	-24.57
	-23.82
	-21.37

	NB-IoT subcarrier
	32
	33
	34
	35
	36
	37
	38
	39

	Leakage
	-21.02
	-25.10
	-24.10
	-22.03
	-21.71
	-25.57
	-25.2.12
	-21.84

	NB-IoT subcarrier
	40
	41
	42
	43
	44
	45
	46
	47

	Leakage
	-21.76
	-25.83
	-26.69
	-22.05
	-22.07
	-26.49
	-27.00
	-22.33



The simulation results of the victim NB-IoT UE (with 2km cell radius) and interfering UE transmit power with 23dBm LTE UE (with 2km cell radius) and 31dBm HPUE (with 4km cell radius) are provided in Figures 5.2.2-1 and 5.2.2-2 below. It can be seen from the figures that around 8% and 5% of the interfering UE are transmitting at maximum power, respectively, with 23dBm LTE UE and 31dBm HPUE.
[image: ]
Figure 5.2.2-1: NB-IoT and 23dBm LTE UE transmit power
[image: ]
Figure 5.2.2-2: NB-IoT and 31dBm HPUE transmit power

The simulation results of the victim NB-IoT UE UL SINR with 23dBm interfering LTE UE (with 2km cell radius) and 31dBm interfering HPUE (with 4km cell radius) are provided in Figures 5.2.2-3 and 5.2.2-4 below. It can be seen from the figures that the victim NB-IoT UE UL SINR degradation caused by the 23dBm interfering LTE UE and 31dBm interfering HPUE are similar (within 1.5dB difference).
[image: ]
Figure 5.2.2-3: NB-IoT UE UL SINR with 23dBm interfering LTE UE
[image: ]
Figure 5.2.2-4: NB-IoT UE UL SINR with 31dBm interfering HPUE
The victim NB-IoT UE UL SINR degradation caused by the 23dBm interfering LTE UE and 31dBm interfering HPUE at 5%, 50%, 95% and 99% CDF points are summarized in Table 5.2.2-2 below. It can be seen from the table that the victim NB-IoT UE UL SINR degradation caused by the 23dBm interfering LTE UE and 31dBm interfering HPUE have 1.5dB, 0.6dB, 0.3dB and 0.3dB differences, respectively, at 5%, 50%, 95% and 99% CDF points.
Table 5.2.2-2: NB-IoT UE UL SINR loss at different CDF points
	Interfering UE maximum output power (dBm)
	NB-IoT UE UL SINR loss at 5% (dB)
	NB-IoT UE UL SINR loss at 50% (dB)
	NB-IoT UE UL SINR loss at 95% (dB)
	NB-IoT UE UL SINR loss at 99% (dB)

	23
	1.5
	0.9
	1.1
	1.1

	31
	3
	1.5
	1.4
	1.4



To summarize, the simulation results have shown that:
1) The victim NB-IoT UE UL SINR degradation caused by the 23dBm interfering LTE UE and 31dBm interfering HPUE are similar (within 1.5dB difference).
2) The 31dBm interfering HPUE generate 1.5dB, 0.6dB, 0.3dB and 0.3dB (respectively, at 5%, 50%, 95% and 99% CDF points) additional UL SINR degradation to NB-IoT UE UL SINR comparing to the 23dBm interfering LTE UE.
It should be noted that this evaluation is done considering a worst case deployment, where the NB-IoT PRB is adjacent to LTE PRBs, which might not always be the case depending on the considered LTE channel BW and if NB-IoT carrier is an anchor carrier or not. Moreover, as the NB-IoT subcarriers are located within the operator’s own spectrum, it is expected that the operator will handle the UL SINR degradation using mitigation techniques like improved filtering or internal gap between the NB-IoT and LTE subcarriers.
5.2.3	UL HPUE Vs NB-IoT in-band operation
The interference leaked from LTE UL to NB-IoT UL (on 3.75kHz subcarrier level) are the average leakage values based on the inputs from several interested companies [9] and provided in Table 5.2.2-1 below [13].
Table 5.2.3-1: LTE leakage to NB-IoT
	LTE to NB-IoT, leakage in dB

	NB-IoT subcarrier
	0
	1
	2
	3
	4
	5
	6
	7

	Leakage
	-5.40
	-14.18
	-13.68
	-10.39
	-12.00
	-18.40
	-16.10
	-13.07

	NB-IoT subcarrier
	8
	9
	10
	11
	12
	13
	14
	15

	Leakage
	-14.44
	-19.94
	-17.20
	-14.65
	-15.85
	-19.60
	-18.21
	-15.54

	NB-IoT subcarrier
	16
	17
	18
	19
	20
	21
	22
	23

	Leakage
	-16.56
	-21.01
	-18.62
	-15.93
	-16.62
	-21.05
	-18.67
	-16.19

	NB-IoT subcarrier
	24
	25
	26
	27
	28
	29
	30
	31

	Leakage
	-16.54
	-20.67
	-18.62
	-16.41
	-16.28
	-19.69
	-19.48
	-16.30

	NB-IoT subcarrier
	32
	33
	34
	35
	36
	37
	38
	39

	Leakage
	-15.87
	-20.28
	-19.12
	-15.52
	-15.05
	-19.06
	-19.02
	-14.22

	NB-IoT subcarrier
	40
	41
	42
	43
	44
	45
	46
	47

	Leakage
	-13.12
	-18.05
	-18.14
	-11.61
	-10.29
	-15.63
	-13.26
	-5.14



The simulation results of the victim NB-IoT UE (with 2km cell radius) and interfering UE transmit power with 23dBm LTE UE (with 2km cell radius) and 31dBm HPUE (with 4km cell radius) are provided in Figures 5.2.3-1 and 5.2.3-2 below. It can be seen from the figures that around 8% and 5% of the interfering UE are transmitting at maximum power, respectively, with 23dBm LTE UE and 31dBm HPUE.
[image: ]
Figure 5.2.3-1: NB-IoT and 23dBm LTE UE transmit power
[image: ]
Figure 5.2.3-2: NB-IoT and 31dBm HPUE transmit power

The simulation results of the victim NB-IoT UE UL SINR with 23dBm interfering LTE UE (with 2km cell radius) and 31dBm interfering HPUE (with 4km cell radius) are provided in Figures 5.2.3-3 and 5.2.3-4 below. It can be seen from the figures that the victim NB-IoT UE UL SINR degradation caused by the 23dBm interfering LTE UE and 31dBm interfering HPUE are within 1.7dB difference.
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Figure 5.2.3-3: NB-IoT UE UL SINR with 23dBm interfering LTE UE
[image: ]
Figure 5.2.3-4: NB-IoT UE UL SINR with 31dBm interfering HPUE
The victim NB-IoT UE UL SINR degradation caused by the 23dBm interfering LTE UE and 31dBm interfering HPUE at 5%, 50%, 95% and 99% CDF points are summarized in Table 5.2.3-2 below. It can be seen from the table that the victim NB-IoT UE UL SINR degradation caused by the 23dBm interfering LTE UE and 31dBm interfering HPUE have 1.7dB, 0.6dB, 0.4dB and 0.4dB differences, respectively, at 5%, 50%, 95% and 99% CDF points.
Table 5.2.3-2: NB-IoT UE UL SINR loss at different CDF points
	Interfering UE maximum output power (dBm)
	NB-IoT UE UL SINR loss at 5% (dB)
	NB-IoT UE UL SINR loss at 50% (dB)
	NB-IoT UE UL SINR loss at 95% (dB)
	NB-IoT UE UL SINR loss at 99% (dB)

	23
	2.8
	1.5
	1.5
	1.5

	31
	4.5
	2.1
	1.9
	1.9



To summarize, the simulation results have shown that:
1) The victim NB-IoT UE UL SINR degradation caused by the 23dBm interfering LTE UE and 31dBm interfering HPUE are within 1.7dB difference.
2) The 31dBm interfering HPUE generate 1.7dB, 0.6dB, 0.4dB and 0.4dB (respectively, at 5%, 50%, 95% and 99% CDF points) additional UL SINR degradation to NB-IoT UE UL SINR comparing to the 23dBm interfering LTE UE.
It should be noted that this evaluation is done considering a worst case deployment, where all NB-IoT subcarriers are scheduled, even those adjacent to LTE PRBs. By not scheduling the 1 or 2 NB-IoT subcarriers adjacent to LTE PRBs, the overall leakage would be reduced and the impact would be minimized. Moreover, as the victim NB-IoT subcarriers are within the aggressor LTE channel bandwidth, i.e. within the same operator spectrum, it is expected that the operator will handle the UL SINR degradation using mitigation techniques like improved filtering or internal gap between the NB-IoT and LTE subcarriers.
<Next change>
[bookmark: _Toc62822410]7.1	New RF components
During Rel-11 when band 14 PC1 requirements were developed Technical report Public safety broadband high power User Equipment (UE) for band 14 [3] and a contribution [11] discussed necessary hardware changes to realize PC1 vehicular mobile form factor compared to PC3 normal handheld formfactor. These studies in [3][11] are considered to be relevant also to this WI targeting high-power UE operation for fixed-wireless/vehicle-mounted use cases in LTE bands 5 and 12 and NR band n71.
Main take away from [3][11] is that in order to minimize implementation complexity and utilize the Power Class 3 eco-system it was considered that changes to the baseband IC and RF IC should be avoided and only changes to the discrete RF combining front end elements are considered. This manifests mainly to need of frontend filters with better power handling capabilities. Suitable technologies mentioned were ceramic-filters and cavity-filters. Furthermore power amplifiers that are capable for PC1 operation are obviously necessity. Few filter examples are presented below with input power capabilities of 43 dBm which obviously in more than needed for PC1 operation even considering the post PA-losses but this demonstrates that capable technology is available.
Band 5 duplex-filter UMD005A (ctscorp.com)
[bookmark: _Toc62822411]Band 12 duplex-filter UMD012A (ctscorp.com)
<Next change>
[bookmark: _Toc62822419]8.2.4	ACLR
E-UTRAACLR is already defined for PC1 in Table 6.6.2.3.1-2 hence no changes are required.
In 36.101 it is stated that UTRAACLR is not applicable to the power class 1 UE operating in Band 3, 20, 28, 31 or 72. 
NR ACLR requirement does not mention PC1. E-UTRA PC1 ALCR of 37 dB could be re-used in NR specification.
[bookmark: _Toc62822420]N71 does not have UTRA operation hence no UTRAACLR requirement is needed.
<End of text proposal>
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