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1. Introduction
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]In RAN4#104#bis meeting, RAN4 reached some agreements on general assumptions based on the WF [1]. In this paper, we’d like to capture these agreements into this TR.
2.	References 
[1] R4-2217736, WF on FR1 co-existence evaluation for ATG, CMCC

Text proposal for TR 38.876
[bookmark: _Toc110932360]<<Start of TP for TR 38.876>>
[bookmark: _Toc117668874]6.2.4 ACLR and ACS modelling
For DL it seems reasonable from the perspective of simulating worst case scenarios that we assume BS ACLR is modelled as flat in space, and the UE ACS can be modelled flat in space.
If this assumption is for DL, then the similar assumption could be made for the UL.
Therefore, it is assumed that both ACLR ( or the adjacent channel interference) and ACS are flat in both space and frequency. The ACIR model can be express as:


(Assuming ACLR, ACS and ACIR to be linear).
[bookmark: _Toc117668875]6.2.5 Propagation model
[bookmark: _Toc117668876]6.2.5.1 Propagation model between ATG BSTN UE and ATG UE
Referring to section 6.6 in TR 38.811, the propagation model between TN UE and ATG UE can be simplified and summarized as below.
LOS probability
Line-Of-Sight (LOS) probability depends on UE environment and elevation angle, and is obtained from Table 6.2.5.1-1. Reference elevation angles are considered from 10° to 90° with a 10° step. For an ATG UE-to-ATG BS, the LOS probability is taken from the nearest reference elevation angle. 
Table 6.2.5.1-1 LOS probability
	Elevation
	Suburban and Rural scenarios

	10°
	78.2%

	20°
	86.9%

	30°
	91.9%

	40°
	92.9%

	50°
	93.5%

	60°
	94.0%

	70°
	94.9%

	80°
	95.2%

	90°
	99.8%


Path loss and Shadow fading
The signal path between ATG UE and ATG BS undergoes several stages of propagation and attenuation. The path loss (PL) is composed of components as follows:
	,	(6.2.5.1-1)

where	is the total path loss in dB,

	 is the basic path loss in dB,
	

This section specifies the basic path loss model () which accounts for the signal's free space propagation, clutter loss, and shadow fading. 
The free space path loss (FSPL) in dB for a separation distance d (between ATG UE and ATG BS) in meter and frequency  in GHz is given by
	[image: ]	(6.6-2)




is clutter loss, and  is shadow fading loss represented by a random number generated by the normal distribution, i.e.,  ~. When the UE is in LOS condition, clutter loss is negligible and should be set to 0 dB in the basic path loss model.
Table 6.2.5.1-2: Shadow fading and clutter loss for suburban and rural scenarios
	Elevation
	2GHz 3.5GHz

	
	LOS
	NLOS

	
	
(dB)
	
(dB)
	
(dB)

	10°
	1.79
	8.93
	19.52

	20°
	1.14
	9.08
	18.17

	30°
	1.14
	8.78
	18.42

	40°
	0.92
	10.25
	18.28

	50°
	1.42
	10.56
	18.63

	60°
	1.56
	10.74
	17.68

	70°
	0.85
	10.17
	16.50

	80°
	0.72
	11.52
	16.30

	90°
	0.72
	11.52
	16.30



[bookmark: _Toc117668877]6.2.5.2 Propagation model between TN BS and TN UE
Referring to section 7.4 in TR 38.901, the propagation model between TN BS and TN UE can be summarized as below, which is same as RMa scenario.
Pathloss:
The pathloss models are summarized in Table 6.2.5.2-1 and the distance definitions are indicated in Figure 6.2.5.2-1 and Figure 6.2.5.2-2. Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in Table 6.2.5.2-1.
[bookmark: _Ref363806083][bookmark: _Ref363806159]
	

	


	Figure 6.2.5.2-1: Definition of d2D and d3D 
for outdoor UTs
	Figure 6.2.5.2-2: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UTs. 


Note that 

		(7.4-1)

Table 6.2.5.2-1: Pathloss models
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters, see note 6
	Shadow 
fading 
std [dB]
	Applicability range, 
antenna height 
default values 

	RMa
	LOS
	
, see note 5





	








	







h = avg. building height
W = avg. street width
The applicability ranges: 









	
	NLOS
	


for 


	



	

	Note 1:	Breakpoint distance d'BP = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. The effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT are the actual antenna heights, and hE is the effective environment height. For UMi hE = 1.0m. For UMa hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise. With C(d2D, hUT) given by

	,
	where

	. 
	Note that hE depends on d2D and hUT and thus needs to be independently determined for every link between BS sites and UTs. A BS site may be a single BS or multiple co-located BSs.
Note 2:	The applicable frequency range of the PL formula in this table is 0.5 < fc < fH GHz, where fH = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.
Note 3:	UMa NLOS pathloss is from TR36.873 with simplified format and PLUMa-LOS = Pathloss of UMa LOS outdoor scenario.
Note 4:	PLUMi-LOS = Pathloss of UMi-Street Canyon LOS outdoor scenario.
Note 5:	Break point distance dBP = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0  108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:	fc denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.



LOS probability
The Line-Of-Sight (LOS) probabilities are given in Table 6.2.5.2-2.
Table 6.2.5.2-2 LOS probability
	Scenario
	LOS probability (distance is in meters)

	RMa
	


	


O2I building penetration loss
The pathloss incorporating O2I building penetration loss is modelled as in the following:

		(6.2.5.2-2)





where  is the basic outdoor path loss given in Clause 6.2.5.2, where  is replaced by  .  is the building penetration loss through the external wall,  is the inside loss dependent on the depth into the building, and σP is the standard deviation for the penetration loss. 

 is characterized as:

		(6.2.5.2-3)




 is an additional loss is added to the external wall loss to account for non-perpendicular incidence; , is the penetration loss of material i, example values of which can be found in Table 7.4.3-1;  is proportion of i-th materials, where ; and N is the number of materials.
[bookmark: _Ref445048671][bookmark: _Ref445048576]Table 6.2.5.2-3: Material penetration losses
	Material
	Penetration loss [dB]

	Standard multi-pane glass
	


	IRR glass
	


	Concrete
	


	Wood
	


	Note:	f is in GHz





Table 6.2.5.2-4 gives ,  and σP for two O2I penetration loss models. The O2I penetration is UT-specifically generated, and is added to the SF realization in the log domain.
[bookmark: _Ref445049023]Table 6.2.5.2-4: O2I building penetration loss model
	 
	Path loss through external wall:

 in [dB]
	Indoor loss:

 in [dB]
	Standard deviation:
σP in [dB]

	Low-loss model
	

	
0.5 
	4.4

	High-loss model
	

	
0.5 
	6.5





 is minimum of two independently generated uniformly distributed variables between 0 and 25 m for UMa and UMi-Street Canyon, and between 0 and 10 m for RMa.  shall be UT-specifically generated.
Both low-loss and high-loss models are applicable to UMa and UMi-Street Canyon. 
Only the low-loss model is applicable to RMa.
[bookmark: _Toc117668878]6.2.5.3 Propagation model between ATG BS and TN BS
The propagation model between ATG BS and TN BS is same as the LOS propagation model between TN UE and ATG UE in clause 6.2.5. 1 (shadow fading and clutter loss are assumed to be zero, since the ATG BS and TN BS are at 30m above the clutter).
[bookmark: _Toc117668879]6.2.5.4 Propagation model between ATG BS and TN UE
The propagation model between ATG BS and TN UE is same as the propagation model between TN BS and TN UE in clause 6.2.5.2
[bookmark: _Toc117668880]6.2.5.5 Propagation model between TN BS and ATG UE
The propagation model between TN BS and ATG UE is same as the LOS propagation model between TN UE and ATG UE in clause 6.2.5.1 (shadow fading and clutter loss are assumed to be zero, since the ATG BS and TN BS are at 30m and above the clutter)
[bookmark: _Toc117668881]6.2.5.6 Propagation model between TN UEATG BS and ATG UE
The propagation model between ATG BS and ATG UE is same as the LOS propagation model between TN UE and ATG UE in clause 6.2.5.1 (shadow fading and clutter loss are assumed to be zero, since the ATG BS and TN BS are at 30m and above the clutter).
[bookmark: _Toc117668882]6.2.6 Transmission power control model
[bookmark: _Toc117668883]6.2.6.1 TN UL TPC
For uplink scenario, TPC model specified in Section 9.1 TR 36.942 is applied for TN with following parameters.


where: 
-	Pmax = 23dBm, 
-	Rmin = -40dBm, 
-	CLx-ile and γ are set as following:
-	CLx-ile = 88 + 10*log10 (200/X) + 11 – Y, where X is UL transmission BW (MHz) and Y is the BS noise figure
-	γ = 1 For uplink scenario.
[bookmark: _Toc117668884]6.2.6.2 TN DL TPC
For downlink scenario, no power control scheme is applied.
[bookmark: _Toc117668885]6.2.6.3 ATG UL TPC
For uplink scenario, TPC model specified in Section 9.1 TR 36.942 is applied for TN with following parameters.


where: 
-	Pmax = TBD dBm, 
-	Rmin = TBD dBm, 
-	CLx-ile and γ are set as following:
-	CLx-ile = 10*log10(Pmax) – (SNRtarget + (-174+F+10*log(B)) )
	-	SNRtarget = TBD, the target UL SNR.
	-    F is BS noise figure (dB).
	-    B is UL transmission BW (Hz)
-	γ = 1 for uplink scenario.

[bookmark: _Toc117668886]6.2.6.4 ATG DL TPC
For downlink scenario, no power control scheme is applied.
[bookmark: _Toc117668887]6.2.7 Received power model
The received power in downlink and uplink scenarios is defined as below:
RX_PWR = TX_PWR – Path loss + G_TX + G_RX
where:
-	RX_PWR is the received power
-	TX_PWR is the transmitted power
-	G_TX is the transmitter antenna gain (directional array gain)
-	G_RX is the receiver antenna gain (directional array gain).
[bookmark: _Toc117668888]6.2.8 Performance metric
For NR, the average throughput loss and 5%-ile throughput loss should be less than 5%.
For ATG, the average throughput loss and 5%-ile throughput loss should be less than 5%.
For the TN network, the average throughput loss should be calculated in each of the TN cells. Results should be presented for the average throughput loss in the worst case TN cell, and an average of the average throughput losses in all of the TN cells in the cluster may also be presented.
[bookmark: _Toc117668889]6.2.9 Link level performance for NR ATG coexistence
The throughput of a modem with link adaptation can be approximated by an attenuated and truncated form of the Shannon bound. (The Shannon bound represents the maximum theoretical throughput than can be achieved over an AWGN channel for a given SNIR). The following equations approximate the throughput over a channel with a given SNIR, when using link adaptation:
	
Where:	
-	S(SNIR)		Shannon bound, S(SNIR) =log2(1+SNIR) bps/Hz
-					Attenuation factor, representing implementation losses
-	SNIRMIN		Minimum SNIR of the code set, dB
-	SNIRMAX		Maximum SNIR of the code set, dB
The parameters α, SNIRMIN and SNIRMAX can be chosen to represent different modem implementations and link conditions. The parameters proposed in Table 4.2.7-1 represent a baseline case, which assumes:
-	1:1 antenna configuration
-	AWGN channel model
-	Link Adaptation (see Table 4.2.7-1 for details of the highest and lowest rate codes)
-	No HARQ
Table 6.2.9-1: Parameters describing baseline Link Level performance for 5G NR
	Parameter 
	DL 
	UL 
	Notes 

	α, attenuation 
	0.6 
	0.4 
	Represents implementation losses 

	SNIRMIN, dB 
	-10 
	-10 
	Based on QPSK, 1/8 rate (DL) & 1/5 rate (UL) 

	SNIRMAX, dB 
	30 
	22 
	Based on 256QAM 0.93(DL) & 64QAM 0.93 (UL) 



Note that the parameters proposed in Table 4.2.7-1 are targeted for eMBB coexistence scenario.

<<End of TP for TR 38.876>>
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