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Introduction
RAN4 is currently working on the adjacent channel coexistence study to determine the main RF parameters for NR in millimiter wave (mmW) scenarios. In previous RAN4 meeting (RAN4 #80), very good progress was made about the simulation assumptions to be adopted in the coexistence study [1]. There are still some key points to be clarified, one of these being the UL power control settings. In [2], a way forward WF on UL TPC model and Throughput model for coexistence study for WP 5D. In this contribution, we provide a list of observations about the overall UL simulation settings, including our view on the UL power control setting. 
Discussion
UL power control is a key functionality of cellular systems. The right power control settings allows a balance between the useful signal received at the base station and the total amount of co-channel and adjacent channel interference created in the network. In particular, a very useful figure of metric which gives an estimation on how “aggressive” is the power control is the noise rise over thermal (ROT) or the ratio between co-channel interference and thermal noise (IOT). Large IOT means that many UEs are allowed to transmit at high power, while low IOT corresponds to a more “power controlled” situation. The choice of the IOT working point is a very challenging task, since depends on the specific cell layout and operating frequency. In particular, power control setting needs to be specified in such a way the best trade-off between mean and cell edge throughput is achieved.
In a real network, there are several aspects which can help BS to set the right operating point. In RAN4 simulation assumption, the goal is to reflect a meaningful operating scenario which can be used to determine the right RF requirements. The classical methodology defined in TR 36.942 [3], is based on the following formula: 

Where  is the UE maximum transmit power, and   is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, CL is the coupling loss (path loss + UE and BS antenna gains),  is the x-percentile CL value, and  is the balancing factor for UEs with bad channel and UEs with good channel. In this contribution we will assume, =23dBm and =-30dBm, therefore the main parameter we will study is . In [2], two approaches were suggested, one based on fixing a target SNR, the other one based on updating values provided in 36.942 by considering the new carrier frequency and inter-site distance. We believe that a good starting point is to fix the target SNR, however additional consideration are needed. In the following section we will provide some analysis for the Urban Macro scenario case 
Power control for Urban Macro scenario at 30GHz
In this section we consider Urban Macro scenario and the simulation assumptions agreed in [1]. In particular, the following parameters which might impact the power control setting are used:
· UE max power = 23dBm
· BS noise figure = 9dB – NOTE: this does not correspond to the agreed simulation assumptions, however the observations in this paper equally apply to 9dB and 13dB noise figure 
· Channel BW = 200MHz
· Num UE scheduled per serving cell = 1
· Carrier Frequency = 30GHz
· UE antenna: as agreed in [4]
· BS antenna: as agreed in [5]
If we want to fix a target SNR, we can specify the target received power for the PUSCH channel, namely PO_PUSCH as follows:
PO_PUSCH = Thermal Noise + SNR
Based on the PO_PUSCH value, and considering  the  to target the specified SNR can be obtained simply as:

Table 1 summarizes the resulting CLxile considering thermal noise integrated over 180MHz or 200MHz, and BS noise figure equal to 9dB and 13dB. Given the results are in 90dB ballpark, we will use this as baseline assumption.  
[bookmark: _Ref462995911]Table 1. CLxile for different channel bandwidth and noise figure configuration.
	Pmax [dBm]
	Channel BW [MHz]
	NF [dB]
	Thermal Noise [dBm]
	SINR target [dB]
	PO_PUSCH [dBm]
	Gamma
	CLxile [dB]

	23
	180
	9
	-82.4
	15
	-67.4
	1
	90.4

	23
	200
	13
	-78.0
	15
	-63.0
	1
	86.0

	23
	180
	9
	-82.4
	15
	-67.4
	1
	90.4

	23
	200
	13
	-78.0
	15
	-63.0
	1
	86.0



In Figure 1 we show comparison of DL and UL SINR. As it can be observed, the UL SINR is capped at around 15dB. Another observation is that comparing to the DL SINR, the mean SINR is about 16dB lower. This is due to the difference in Tx Power (43-23=20dB) minus the difference in noise figure (13dB-9dB=4dB). In case of same noise figure the difference would 20dB, i.e. the difference in available Tx Power. The main reason for this is that the Tx power gap is not compensated with lower frequency allocation, i.e. higher Power Spectral Density (PSD).
[bookmark: _GoBack][image: ]
[bookmark: _Ref462998067]Figure 1. Comparison of DL and UL SINR.
Note that in this scenario, if we keep 200MHz allocation, modifying the CLxile will only modify the region SINR cap region, as shown Figure 2. Similarly, Figure 3 and Figure 4 show the BS received power and UE transmitted power distributions for different CLxile values.
[image: ]
[bookmark: _Ref462999071]Figure 2. UL SINR: comparison of different CLxile values.
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[bookmark: _Ref462999386]Figure 3. BS received power for different CLxile values.
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[bookmark: _Ref462999389]Figure 4. UE transmitted power for different CLxile values.
From the scenario, shrinking the cell size would bring a substantial benefit in UL SINR. This can be observed in Figure 5 where ISD = 500m and ISD =200m are considered. A cell size of 200m would bring more than 12dB higher median throughput. 

[image: ]
[bookmark: _Ref463000989]Figure 5. UL SINR distribution for different cell sizes.
As mentioned, using lower allocation would allow to increase the PSD of the wanted signal, thus leading to higher SINR. In Table 2 we computed CLxile considering different UL allocation, that is from 2MHz to 200MHz. The orange highlighted rows correspond to the case of 9dB Noise Figure at the base station. For those configuration, the UL SINR and UE Tx power distributions are depicted in Figure 6 and Figure 7, respectively. As it can be observed the median throughput gain is directly related to the gain in PSD. However, in the scenario under analysis even for very small allocation, e.g. 2MHz UL transmission, high percentage of UEs will perceive very low throughput.
[bookmark: _Ref463005608][bookmark: _Ref463005603]Table 2. CLxile for different UL allocation and noise figure configuration.
	Pc Max [dBm]
	UL allocation [MHz]
	NF [dB]
	Thermal Noise [dBm]
	SINR target [dB]
	PO_PUSCH [dBm]
	Gamma
	CL-xile [dB]

	23
	2
	9
	-102.0
	15
	-87.0
	1
	110.0

	23
	2
	13
	-98.0
	15
	-83.0
	1
	106.0

	23
	20
	9
	-92.0
	15
	-77.0
	1
	100.0

	23
	20
	13
	-88.0
	15
	-73.0
	1
	96.0

	23
	40
	9
	-89.0
	15
	-74.0
	1
	97.0

	23
	40
	13
	-85.0
	15
	-70.0
	1
	93.0

	23
	80
	9
	-86.0
	15
	-71.0
	1
	94.0

	23
	80
	13
	-82.0
	15
	-67.0
	1
	90.0

	23
	180
	9
	-82.4
	15
	-67.4
	1
	90.4

	23
	200
	13
	-78.0
	15
	-63.0
	1
	86.0
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[bookmark: _Ref463005823][bookmark: _Ref463005819]Figure 6. UL SINR distribution for UL allocation and CLxile values.
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[bookmark: _Ref463005825]Figure 7. UE Tx power distribution for UL allocation and CLxile values.
General observations
Based on the observations provided in the previous sections, many elements need to be taken into account when determining the UL power control parameters. In other words, several factors should be analysed when updating the power control setting specified in TR 36.942. One obvious observation is that adopting 200MHz allocation for UL will bring very large noise level and low PSD. Determining the RF requirements in this scenario might not be an ideal choice, therefore the UL allocation to be adopted in the simulation should be discussed. One factor to be taken into account would be the different amount of interference in case multiple UEs are simultaneously transmitting. In that case, ACLR would not be flat over the all channel BW, but have substantial decay after the UL transmit bandwidth (multiple steps ACLR would be needed). RAN4 should discuss the most appropriate model considering also simulation complexity.

We kindly ask RAN4 to take into account these considerations when discussing UL simulation scenarios. 
Conclusions
In this contribution we addressed some key elements of the UL simulation for the NR adjacent channel coexistence study. In particular we focus on the UL power control setting which should be used in the study. Since the power control behaviour is a critical part in determining the overall system performance, we kindly invite RAN4 to take into account the observations made in this paper.
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