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1 Introduction
In the last plenary (RAN#87e) the Study on IMT parameters for 6.425-7.025GHz, 7.025-7.125GHz and 10.0-10.5GHz was approved [1].
The ranges 6.425-7.025GHz, 7.025-7.125GHz have already been agreed to be inside the FR1 definition, however 10.0-10.5GHz falls outside current FR1 frequency range and is inside the region studied in the recent 7 to 24GHz study item [2].
This paper looks at what useful information can be extracted for the 7 to 24GHZ SI for a co-existence simulation to derive the required ACIR values.
2 Discussion
2.1 Architecture
Whilst not mandated it is assumed that FR1 BS use a digital beam forming architecture and FR2 BS use a hybrid beam forming architecture
[image: ]                      [image: ]
Figure 2.1-1: Examples of BB beam forming architecture (left), hybrid beam forming architecture (right)
The optimum architecture choice is based on number of TRX, PA power (and linearization technique), operating band width and channel band width.
The architecture should not be in anyway mandated, and the specification should not imply any architecture, however in order to carry out co-existence work it is useful to have an assumed architecture. Also the BB beam forming architecture is capable of some things that the hybrid architecture is not, for example different beam shapes for individual FDMA RB’s is possible with BB beam forming but not hybrid beam forming.
PA power is an important parameter for BS as along with antenna gain it defines the cell size, in 38.820 a general trend for PA power vs frequency capability was derived of about -20dBm per decade.
As such 10GHz PA can be expected to have power capability approx. 9dB lower than current C band amplifiers, and 3dB lower than 7GHz amplifiers.
To maintain cell size as much as possible therefore greater number s of amplifiers driving higher gain antennas may be required. 
The band highlighted is also very wide, 500MHz. This is greater than the typical FR1 operating band (typically <100MHz) although on a par with some of the TDD band in the 3 to 5GHz region. It is significantly smaller than the typical FR2 operating band (>3GHz). The large operating BW however is capable of supporting the larger FR1 channel BWs as well as all of the FR2 channel BWs if necessary.
The need for a larger number of PA’s with high antenna gain along with the larger operating BW and associated channel BW capability is typical of a hybrid beam forming architecture, as such we believe that this should be assumed for simulation work (BB beam forming should not be excluded of course).
2.2 Co-existence
One of the major RF parameters which needs to be considered is the ACIR (ACLR/ACS), Previously for all FR1 frequencies the values determined for the 2GHz BS have been adopted (i.e. 45dBc BS ACLR, 30dB UE ACS), for previous ITU response for 4800-4990 MHz and 33000-3400MHz the higher frequency and associated higher path loss (and hence isolation) along with the existing figure means no co-existence work was needed in RAN4.
Existing specifications give the ACIR values in the table below (ref: 38.820):
Table 7.4.1.6-1: DL ACIR, BS ACLR and UE ACS values
	
	Based on NR study on RF and co-existence aspects
	TS 38.104 [5], TS 38.101-1 [17], TS 38.101-2 [18]

	 
	30 GHz
	45 GHz
	70 GHz
	0.7 – 5 GHz
	24.25 – 33.4 GHz
	37 – 52.6 GHz

	UE ACS (dB)
	22.5
	21.5
	20.5
	33
	23
	22

	BS ACLR (dB)
	27.5
	25.5
	23.5
	45
	28
	26

	ACIR (dB)
	21.3
	20
	18.7
	32.7 (calculated)
	
	

	ACS (%)
	75
	71
	66
	94
	
	



The current ACIR values have an approximate log response to frequency, as such it could be estimate that the 10GHz ACIR requirement may be approx. 7dB lower than the 2GHz requirement. This is a significant difference and considering a hybrid beam forming architecture is assumed (with limited linearization capability) it is important that the ACLR in particular is not over specified.
As recommended by 38.820 therefore it is important that co-existence simulations are carried out to derive a reasonable ACLR value and hence ACLR and ACS spilt.
2.2.1 BS Simulation parameters
Many of the simulation parameters needed to carry out a co-existence simulation are also needed for the ITU response whereas the outputs form other required parameters.
For both FR1 and FR2 the 19 site 3-sctor macro simulation is done to derive the ACIR requirements for the wide area BS. Additional micro cell simulations may be done to further study smaller nodes if necessary but the macro cell simulation is a good starting point. It also is well known and it should be possible to modify existing simulators to produce aligned results in a short time.
Antenna gain (height,width)
FR1 high gain antennas used previously range from:
8x8 element, 0.8λx0.5λ spacing -> 25.6λ2.	(CLI/IAB simulations)
8x8 element, 0.9λx0.6λ spacing -> 34.6λ2.	(LS to ITU on 3300-3400 MHz, RP-182783)
8x8 element, 0.5λx0.5λ spacing -> 16λ2.	(LS to ITU on 4800-4990 MHz, RP-172058)
FR2 high gain antennas
8x16 element, 0.5λx0.5λ spacing -> 32λ2.	(NR FR2 simulations)
Over the period of the work and the response there have been a number of errors associated with the element beam width and the associated element gain, this is now better understood and should not happen again. 
However the maximum antenna aperture for both FR1 (higher frequencies) and FR2 has been 32 to 34λ2 the FR1 BS has greater gain in the vertical dimension (to maintain parity with existing passive antenna gain) and the FR2 has the greater gain in the horizontal dimension.
For 10 GHz the size of the antenna is reduced compared to FR1 but still not completely irrelevant, hence it is preferable to maintain the portrait aspect of the antenna. As there have been grating lobe issues related to the larger element spacing the total aperture is maintained but the separation of elements is reduced and hence the number of them is increased. 
BS antenna definition: 16x8 element,  FFS on the element spacing and element beam width.
BS Output Power
Output power is defined differently in different documents, either as total BS power or as power per element.
For FR1:
AAS assumed an FR1 Pout of 46dBm (this was to maintain consistency with non-AAS BS)
LS to ITU on 3300-3400 MHz, RP-182783 assumed Pout of 12/28/31dBm (5/10/20MHz CBW) before ohmic loss (2dB) or 47dBm TRP (20MHz)
LS to ITU on 4800-4990 MHz, RP-172058 assumed 43/46/46 (5/10/20MHz CBW) although there is some confusion as 10dBm per element is quoted in the 24-33GHz table used for the antenna definition!)
For FR2
43dBm is used in the original NR FR2 co-existence study, although this is perhaps considered a bit large for the high frequencies.
33dBm was used for the IAB scenarios (macro and micro) or 15dBm/element
The 24-33GHz data in RP-172058 assumed 10dBm per Tx branch before ohmic loss (3dB) or 24dBm TRP
The level of 46dBm for FR1 is based on a single power amplifier, the AAS system are then scaled to the same (similar) value, clearly with many elements and Tx branches the AAS is capable of generating more total power if necessary, so this is not really a hard limit in the same way as the FR2 limits.
From 38.820 measurement results were presented in table 5.5.2-1 showing output power in the range 33 to 36dBm at 8GHz, with an 8x16 array the system is more than capable of achieving a total power of 43dBm.
A total output power of 43dBm/100MHz is recommended..
Noise figure
The noise figure was estimated in 38.820 
	Example frequency (GHz)
	Typical NF values for NR BS (dB)
	Typical NF values for NR UE (dB)

	10
	7 
	9

	15
	8
	10

	20
	9
	10 (Note)

	Note:	UE implementation margin can vary. NF value could be revised for higher frequencies. NF value shall not be revised to a value that is higher than the FR2 value.



These figures can be used for the co-existence analysis.
Cell Size
FR2 simulations were carried out at 500m and 300m ISD (cell range approx. 333/200m).
FR1 simulations were not done for NR but the AAS FR1 simulations were carried out at 750m ISD (500m range). The IAB FR1 macro layer was defined with 500m BS- BS distance (or 333m cell range)
Looking at a link budget to give a SNR of 20dB
	Path
	d(m)
	PTx (dBm)
	G_ANT_TX (dBi)
	PL (dB)
	G_ANT_Rx (dBi)
	PRx (dBm)
	NF (dB)
	SNIR (dB)

	DL

	LOS
	3909
	43
	24
	-132.0
	0
	-65.0
	9
	20.0

	NLOS
	330
	
	
	-132.0
	
	-65.0
	
	20.0



We have a NLOS distance of approx.330m, it should therefore be possible to have an ISD of 500m.
UE output power
In the 7-24GHz study item it was summarised in TR 38.820 that the frequency range 7.25-[10-13] GHz would have “FR1 like” requirements, and as such we can assume that in the 10-10.5GHz range this applies. The UE will most likely therefore have a conducted interface with an assumed isotropic radiation pattern antenna and no beam forming. TR38.820 also showed that a UE output power of 23dBm was possible, but did not conclude if it was practical (or not). For the sake of co-existence analysis where we look at the worst case then the higher output power makes sense, hence assume the UE is 23dBm Pout with a 0dBi antenna,
Path loss models, building penetration loss etc.
The path loss models used for NR FR2 simulations (R4-168953) are valid at 10GHz, as are the building penetration models.
3 Summary
This paper looks at the 10-105GHz frequency range and discusses some of the parameters essential to carry out a co-existence simulation so that the required ACIR can be estimated, it makes the following proposals
· Assume a hybrid beam forming architecture
· BS antennas definition
· 16x8 (v x h) 
· Element aperture  FFS
· Element loss 2dB
· BS output power = 43dBm/100MHz (~22dBm/element)
· UE output power = 23dBm isotropic (0dBi)
· Noise figure; BS = 7dB, UE=9dB
· ISD 500m
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