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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. This contribution proposes the system level simulation assumptions for the coexistence study and the corresponding TP to TR 37.xxx [2].

2.	Text proposal
<Start of change>
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<Next change>
[bookmark: _Toc47460854]5.1	Simulation assumptions
[bookmark: _Toc2086442]5.1.1	General
The band plan within the 600 – 900 MHz frequency range in the USA and the corresponding 3GPP operating bands are shown in figure 5.1-1 below.
[image: ]
Figure 5.1-1: Band plan within the 600 – 900 MHz frequency range in the USA
It can be seen from figure 5.1-1 that the coexistence scenarios between a high-power UE aggressor in LTE band 12 and band 5, and in NR band n71 to the adjacent victim bands are much alike to the scenarios between a high-power UE aggressor in band 14 to the adjacent victim bands. Therefore, the simulation assumptions in TR 36.837 [3] for coexistence study of public safety broadband high power UE can be reused in this study.
Moreover, the frequency range of band 14 is approximately in the middle of LTE band 12 and band 5, and in NR band n71, hence the 790 MHz carrier frequency in TR 36.837 can be used for this study and the LTE simulation results in TR 36.837 can be used for reference directly, as the slight change in the carrier frequency should have minor impacts on the simulation results.
For NR operation, it can be seen in TS 38.101-1 [4] that neither band n71 nor its adjacent bands have larger than 20 MHz UE channel bandwidth. Furthermore, it has been agreed in the reply LS to ITU-R WP5D [5] that there is no beamforming assumed for BS and UE below 1.7 GHz. Considering these two factors, the differences between the LTE and NR simulation results will be minor.
For MTC operation, since it is a narrowband LTE operation, the simulation results will be very similar to the LTE results, considering the narrower interference bandwidth (which means less of the adjacent interference will fall into the BS receiver) and noise bandwidth (which means the BS receiver noise floor will be lower). Therefore, the LTE simulation results in TR 36.837 can be used for reference directly for MTC operation.
For NB-IoT operation, the performance metric is SINR degradation instead of throughput loss as recorded in TR 36.802 [6], and the NB-IoT ACIR model in TR 36.802 should be used for simulation of NB-IoT standalone operation. The UE ACLR is the dominant factor here, and it will be scaled down by a factor of 50 (=10/0.2) due to the channel bandwidth difference between the HPUE aggressor and the NB-IoT victim. Here, the standalone NB-IoT operation will be a worse case compared to in-band or guard-band NB-IoT operation considering the internal gap within the 10 MHz LTE channel bandwidth.
Considering the target completion date of this study item, the simulation results are prioritized according to table 5.1.1 according to the discussion above.
Table 5.1-1: Priorities of simulation results
	Scenario
	Aggressor
	Victim
	Priority

	UL HPUE Vs NB-IoT standalone operation
	HPUE
	NB-IoT
	High

	UL HPUE Vs NR / NB-IoT guard band operation (note)
	HPUE
	NR
	Medium

	UL HPUE Vs LTE / MTC / NB-IoT in-band operation
	HPUE
	LTE / MTC
	Low

	[bookmark: _GoBack]Note: NB-IoT guard band impact should be checked with the HPUE ACLR agreed from simulation results.




[bookmark: _Toc346003824]5.1.2	Macro cell Propagation model - Rural Area
The HPUE will be mainly used for extending the coverage in rural areas. The following Hata rural model [7] is used,
L (R)=  69.55 +26.16log10(f)–13.82log10(Hb)+[44.9-6.55log10(Hb)]log(R)  – 4.78(log10 (f))2+18.33 log10 (f) -40.94
where:
R is the base station-UE separation in kilometres
f is the carrier frequency in MHz
Hb is the base station antenna height above ground in metres
For carrier frequency of 790MHz and base station antenna height of 45m above the ground, the propagation model becomes:
                              (1)
Also, per [7], in rural area, Macro cell MCL is 80dB as show in the table below.
Table 5.1.2-1: Minimal Coupling Loss
	Environment
	Scenario
	MCL

	Macro cell Urban Area
	BS  UE
	70 dB

	Macro cell Rural Area
	BS  UE
	80 dB



[bookmark: _Toc346003825]5.1.3	Power control modelling
In [7], the following power control equation is used for the uplink coexistence simulations:

where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, CL is the coupling loss defined as max{path loss-G_Tx-G_Rx, MCL}, where path loss is propagation loss plus shadowfading, G_TX is the transmitter antenna gain in the direction of the receiver, G_RX is the receiver antenna gain in the direction of the transmitter and CLx-ile is the x-percentile CL value. With this power control equation, the x percent of UEs that have the highest coupling loss will transmit at Pmax. Finally, 0<<=1 is the balancing factor for UEs with bad channel and UEs with good channel
For HPUEs, it is assumed that Rmin has 10dB more dynamic range. The parameter sets for power control are also specified in [7] and showed here in table 5.1.3-1.
[bookmark: _Ref321985207][bookmark: _Ref321985177]Table 5.1.3-1: Power control algorithm parameter for 2GHz band
	Parameter set
	Gamma
	CLx-ile (10MHz bandwidth)

	
	
	0.5km cell range

	Set 1
	1
	112

	Set 2
	0.8
	129



However, the power control parameters were specified for carrier frequency of 2GHz with 500m cell range. The path loss model was based on Urban Hata model below:
                      (3)
where:
R is the base station-UE separation in kilometres
Based on (1), and (3), the power control parameters can be modified to account for different propagation model, carrier frequency, BS antenna height and cell range. For example, in Table 5.1.3-2, CLx-ile = 112dB for set 1, which corresponds to R = 0.373km according to (3) assuming total antenna gain of 0dBi. For 4km cell range at 700MHz band, use equation (1), we get CLx-ile = 94.5 + 34*log10(4/0.5*0.373) = 111dB. Similarly, we can obtain modified power control parameters for other cases as showed in Table 5.1.3-2.
Table 5.1.3-2: Power control algorithm parameters for 23dBm UE at 700MHz band
	Parameter set
	Gamma
	CLx-ile (10MHz bandwidth, 45m antenna height)

	
	
	4km cell range

	Set 1
	1
	111

	Set 2
	0.8
	126



[bookmark: _Toc346003826]For NB-IoT operation, the power control parameters can be modified to account for different bandwidth with bandwidth scale of 17=10*log10(9000/180), as described in TR 36.802 [6]. The modified power control parameters for NB-IoT operation are shown in Table 5.1.3-3.
Table 5.1.3-3: Power control algorithm parameters for NB-IoT UE at 700MHz band
	Parameter set
	Gamma
	CLx-ile (10MHz bandwidth, 45m antenna height)

	
	
	4km cell range

	Set 1
	1
	128


5.1.4	Practical considerations for HPUE deployment
The fractional power control formula (2) can be simplified into the following
 for               (4)
Note that the unit in the formula above is dB. If a UE is close to its serving eNodeB so that , whether it’s a 23dBm UE or a 31dBm UE, it should transmit similar power and the transmitted power should be less than 23dBm. The 31dBm UE extends the cell range by being able to transmit more than 23dBm power at areas where the 23dBm UE can only transmit its maximum power of 23dBm.
From (4), we have  and , where  denotes the transmit power of a 23dBm UE at a location with coupling loss , and  denotes the transmit power of a 31dBm UE at a location with the path loss of . Based on the reasoning above, we have. Hence
                       (5)
where:
 and 
Based on (5) and Table 5.1.3-2, the new power control parameters for HPUE is obtained in the following table,
Table 5.1.4-1: Power control algorithm parameters for HPUE at 700MHz band
	Parameter set
	Gamma
	CLx-ile (10MHz bandwidth, 45m antenna height)

	
	
	8km cell range

	Set 1
	1
	119

	Set 2
	0.8
	136



The power control parameters for both aggressor system and victim system are summarized in the Table 5.1.4-2.
Table 5.1.4-2: Power control algorithm parameters for UE at 700MHz band 
	Parameter set
	Gamma
	CLx-ile (10MHz bandwidth, 45m antenna height)

	
	
	4km cell range 23dBm UE
	4km cell range NB-IoT UE
	8km cell range HPUE (31dBm)

	Set 1A
	1
	111
	128
	119

	Set 2A
	0.8
	126
	N/A
	136



[bookmark: _Toc346003827]5.1.5	Cell layout
For aggressor system with HPUE, the cell size should be bigger than a victim system with 23dBm UEs. Figure 5.4.1.4-1 shows overlay of two systems with different cell ranges. In particular, the cell range of aggressor system (in green) is double the cell range of victim (in blue). Figure 5.1.5-1 shows the worst case in the sense that some of the aggressor sites are located at the cell edge of victim system.

[image: ]
[bookmark: _Ref322615849]Figure 5.1.5-1 Multi system cell layout with different cell radius
[bookmark: _Toc346003828]5.1.6	Other simulation assumptions
Other simulation assumptions are summarized in the following tables:
Table 5.1.6-1: Simulation parameters for aggressor or victim system with 23dBm UE
	 
	Base Station
	UE

	Carrier frequency
	790 MHz

	Channel bandwidth
	10 MHz

	Cell range
	4km

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Pathloss model
	94.5+34 log(R), R in km

	Lognormal fading
	10 dB

	Antenna gain and horizontal antenna pattern
	

15 dBi,  = 65 degrees, 
Am = 20 dB
	Omni-directional antenna with -6 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	23 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	ACLR1: 30+X, ACLR2: 43+X

	ACS
	45 dB
	33 dB



Table 5.1.6-2: Simulation parameters for victim system with NB-IoT UE
	 
	Base Station
	UE

	Carrier frequency
	790 MHz

	Channel bandwidth
	10 MHz

	Cell range
	4km

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Pathloss model
	94.5+34 log(R), R in km

	Lognormal fading
	10 dB

	Antenna gain and horizontal antenna pattern
	

15 dBi,  = 65 degrees, 
Am = 20 dB
	Omni-directional antenna with -6 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	23 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	ACLR1: 37+X, ACLR2: 50+X

	ACS
	45 dB
	35 dB



Table 5.1.6-3: Simulation parameters for aggressor system with HPUE
	 
	Base Station
	HPUE

	Carrier frequency
	790 MHz

	Channel bandwidth
	10 MHz

	Cell range
	8km

	Cell layout
	Wrap-around 7 tri-sector cells, uncoordinated (see Figure 5.1.5-1)

	Frequency reuse
	1x3x1

	Pathloss model
	94.5+34log(R), R in km

	Lognormal fading
	10 dB

	Antenna gain and horizontal antenna pattern
	

15 dBi,  = 65 degrees, Am = 20 dB
	  Omni-directional antenna
 -1dBi for vehicle mounted mobile.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	33 dBm/31 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	ACLR1: 30+X, ACLR2: 43+X

	ACS
	45 dB
	33 dB



[bookmark: _Toc346003829]5.1.7		Simulation procedure
For the co-existence study, the following should be performed:
1)	Run the aggressor UL to victim UL coexistence study assuming parameters of both systems are according to Table 5.1.6-1 and with victim UL for NB-IoT UE operation using parameters in Table 5.1.6-2. Power control parameters in Table 5.1.4-2 are used. This corresponds to the coexistence of two commercial 23dBm UEs networks operating in adjacent bands and with similar deployment parameters. This is used as the reference. Victim system performance degradation results in this scenario are used as the baseline.
2)	Run the aggressor UL to victim UL coexistence study assuming +31dBm power class UE is deployed in the aggressor system using parameters in Table 5.1.6-3, obtain the victim system performance degradation results. The power control parameters in Table 5.1.4-2 are used.
3)	Compare the victim system performance degradation in 2) and 1), choose ACLR value for the HPUE so that the victim performance degradation due to HPUE in 2) is comparable to 1).
<Next change>
5.3	Coexistence with Public Safety
For Public Safety operation, it is uncertain whether coexistence simulation would be carried out within the time frame of this study item, as RAN4 has not carried out coexistence simulation with Public Safety system and thus the simulation assumptions and methodology will need to be investigated from inception. The impact on Public Safety downlink at 851-861 MHz can be accessed using analysis.
<End of change>
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