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1 Background 
In RAN4#80bis a template was proposed and agreed as a WF [1] to respond the received LS from ITU-R WP5D on “Characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz”. The RAN plenary has asked RAN1 and RAN4 to discuss the detailed NR RF parameter sets needed for an LS response. A final response is expected for the ITU-R WP5D for January, for this reason it is important to have an initial response in RAN4#81 meeting.

2 Initial NR RF parameters response for WP5D
In the Table 1 are given initial NR RF parameters as response for WP5D. The parameters are based on measurements, where the numbers which are not yet determined are given as variables X and Y. The explanation for some of the controversial parameters during last meeting are explained as follows.
Duplex Method
For a Frequency Division Duplex (FDD) a sufficient amount of guard band (aka Duplex gap) has to separate the two bands to avoid interference between transmitter and receiver, as shown in Figure 1. Additionally, a good duplex filter has to ensure the transmitter of a device or a node doesn’t inject interference to the adjacent receiver. FDD with its specific requirements on allocation of two specific bands and a duplex gap, which cannot be used for the service, has therefore a disadvantage compared to TDD systems, which only need a single contiguous spectrum block. FDD allocations assuming a symmetric traffic load in UL and DL, and spectral efficiency suffers in use cases with asymmetric traffic. TDD shows more flexibility in adapting to use cases with asymmetric traffic. Further TDD band allocations can also feature full duplex operational cases, when in future the technology enhancements will enable this operation mode.

FDD is an attractive and proven duplex method considered for low frequencies with Bands having narrow relative bandwidth such as Band 3 with 4.4% or Band 7 with 4%, where very narrow duplex distances like 95 MHz with gaps of 20 MHz are feasible. With the increasing complexity of duplexer architecture, the filter design has to satisfy more constraints at the same time, which puts an increasing number of requirements on the filter such as resonance frequency, coupling factor, quality factor, temperature sensitivity, etc. The duplex filter has an important technical limitation depending on its kt2 electromagnetic coupling factor, which is related to the frequency of the operating device. The kt2/ keff2 is the electromechanical coupling coefficient. The coefficient determines the relative positioning of the resonance and anti-resonance in acoustic resonators and thus limits the maximum bandwidth that can be achieved. Additional difficulties appear for acoustic filters at high frequencies such as power handling capability, lithography and film thickness accuracy in production what influences the yield, and leads to higher cost.
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	Figure 2: Typical TDD - Time Division Duplex



The further disadvantage of implementing FDD in mmWave range is the considerable extra loss of the duplex filter. At mmWave is much more difficult than at frequencies below 6 GHz to get a high output power and adding a filter will implies extra loss, which is not easy to compensate. For these reasons FDD will probably remain a main duplex method for lower frequencies.
The benefit of using TDD is the fact of using a single frequency band to transmit and receive without wasting spectrum for a guard band as in the case of FDD. For a TDD device or node design, injection of TX noise into the RX band not a really a problem. However, TDD needs a guard time between transmitter and receiver as seen in Figure 2, where the requirement is depending on the operated cell size. Depending on the deployment scenario, TDD can be very efficient for short distance, which is the case in mmWave where the severe path loss contributes to short communication distances. The most typical bands for TDD are 40/41 with 100 MHz/ 200 MHz respectively or Band 42/43 at 3.5 GHz with 200 MHz.
TDD increases spectrum utilization, especially in license-exempt or narrow-bandwidth frequency bands.  Since TDD is more efficiently by its flexibility in requiring only a single block in the available spectrum – considering that spectrum becomes more costly and scarce- and additionally has reduced filter requirements, it becomes a better choice for mmWave. TDD features also flexibility in terms of traffic asymmetry, and opens the door for future full or variable duplex solution. Therefore, in the table below we propose as duplex method TDD only.
Observation 1: Since TDD is more efficiently by its flexibility in requiring only a single block in the available spectrum –and additionally has reduced filter requirements, it becomes a better choice for mmWave.
Transmitter Characteristics

Power dynamic range can be answered based on different factors. Either the total conducted power is based on the number of antenna or in the total power per UE. The most reasonable method is to setup the UE at the max power OTA using a horn antenna to measure OTA signal power to estimate the gain control range. Following this procedure the total power can be independent from the number of antennas and the total power can be accurate estimated per UE, given a more flexible setup. Since we know the free space loss, horn antenna gain, beamforming gain and single element gain, the power calibration can be accurately determined and divided into power per element such as TRP and EIRP.
After estimating the maximum power after the calibration, the gain on the UE can be reduced to obtain the UE dynamic range. Following this procedure it is possible to obtain the conducted power parameters. OTA can be used to calculate the TX power dynamic range. Before answering this parameter it should be first discussed the definition of power dynamic range.  
Spectral mask includes in-band and out-of-band spurious emission. The spectrum emission mask measurement combines both in-band and out-of-band specifications to provide useful figures-of-merit for spectral regrowth and emissions. Spectral mask should be aligned with FCC specifications [4], where an emission level of -5 dBm/MHz is required for the first 10 percent of the channel bandwidth from the edge of the licensed block and beyond the first 10 percent of the channel bandwidth, an emission level of -13 dBm/MHz is required. In other words, the conductive power or the total radiated power of any emission outside a licensee's frequency block shall be -13 dBm/MHz or lower. However, in the bands immediately outside and adjacent to the licensee's frequency block, having a bandwidth equal to 10 percent of the channel bandwidth, the conductive power or the total radiated power of any emission shall be -5 dBm/MHz or lower.

The ACLR values need to be analyzed for different uses cases. There are different assumptions to be made in order to determine the ACLR, this parameter depends on the statistic of the cell (i.e., how many subscribers, what range, how much power) and interference. We think a response to ITU-R WP5D including spectral mask only is a good first step, ACLR can be FFS.
For the spurious domain and emission limits we consider ITU-R SM.329-12, Category B -30dBm/MHz for the frequencies ranges 24.25 GHz to 29.5 GHz and 37 GHz to 43.5 GHz. The spurious domain the emission limits for above these frequency ranges should be aligned with ITU-R SM.329-12, Category A and B.
Observation 2: Power dynamic range can be answered based on different factors. Either the total conducted power is based on the number of antenna or in the total power per UE. Before answering this parameter it should be first discussed the definition for the power dynamic range.  

Observation 3: Spectral mask should be aligned with FCC specifications [4], where an emission level of -5 dBm/MHz is required for the first 10 percent of the channel bandwidth from the edge of the licensed block and beyond the first 10 percent of the channel bandwidth, an emission level of -13 dBm/MHz is required.
Observation 4: The ACLR values need to be analyzed for different uses cases. There are different assumptions to be made in order to determine the ACLR.
Observation 5: For the spurious domain and emission limits we consider ITU-R SM.329-12, Category B for the ranges 24.25 GHz to 29.5 GHz and 37 GHz to 43.5 GHz.
Receiver Characteristics
The Noise Figure values have been estimated based on measurements, the details can be seen in the contribution [3] submitted for the meeting RAN4#81.
Sensitivity is an important parameter on the receiver side because it defines the minimum received signal power needed to successfully demodulate the received signal for a certain bit error rate (BER) requirement. To be more precise the sensitivity of a system is the minimum signal level at the receiver’s input, which can be detected with an acceptable SNR.  According to the definition of noise factor, the sensitivity can be defined as: 


[image: image2.png]Receivers gnsiripiry LABm] = —174 + 10 logy, BW [Hz] + NF [dB] + SNR ., [dB]




 + Antenna array gain + Diversity gain + Margin (implementation margin and other losses) + BF pointing loss
Before answering the sensitivity parameter to ITU-R WP5D, it should be first discussed the definition of sensitivity and RAN 4 should find an agreement on an acceptable [image: image4.png]SNRpin
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The ACS and blocking response are both for FFS.
Observation 6: Before answering the sensitivity parameter to ITU-R WP5D, it should be first discussed the definition of sensitivity and RAN 4 should find an agreement on an acceptable [image: image6.png]SNRpin
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Table 1. NR RF Parameters for ITU-R WP5D

	
	
	IMT-2020

	No.
	Parameter
	Base station
	Mobile station

	1
	Duplex Method
	[TDD]
	[TDD]

	2
	Channel bandwidth (MHz)
	[…, 80 MHz, …]
	[…, 80 MHz, …]

	3
	Signal bandwidth (MHz)
	[90% of channel bandwidth]
	[90% of channel bandwidth]


	No.
	Parameter
	IMT-2020 (Mobile station)

	
	Band of operation
	[24.25 GHz  – 29.5 GHz]
	[37 GHz – 43.5 GHz]
	[71 GHz – 76 GHz]

	4
	Transmitter characteristics
	

	4.1
	Power dynamic range (dB)
	[X]

	4.2
	Spectral mask (Note 1)
	Generic UE spectrum mask with parameters:
[A = 10%,
B = -5 dBm/MHz
C = -13 dBm/MHz] 
	Generic UE spectrum mask with parameters:
[A = 10%,
B = -5 dBm/MHz
C = -13 dBm/MHz]
	Generic UE spectrum mask with parameters:
[A = X3%,
B = Y3 dB
C = Z3 dB, etc. ]

	4.3
	ACLR (Note 1)
	[X1 dB]
	[X2 dB]
	[X3 dB]

	4.4
	Spurious emissions (Note 1)
	-30 dBm/MHz (Category B)
	[In the spurious domain, emission limits will be aligned with 
ITU-R SM.329-12, Category A and B.]


	5
	Receiver characteristics
	

	5.1
	Noise figure
	11 dB
	13 dB
	15 dB

	5.2
	Sensitivity
	X1 
	X2 
	X3 

	5.3
	Blocking response
	[X1 dB 
at FL – FH offset, at Y dB degradation, etc.]
	[X2 dB 
at FL – FH offset, at Y dB degradation, etc.]
	[X3 dB 
at FL – FH offset, at Y dB degradation, etc.]

	5.4
	ACS
	[X1 dB NR interferer
in adjacent channel, at Y1 dB degradation, etc.]

alternatively

[ACS = Y1 dB]
	X2 dB NR interferer
in adjacent channel, at Y2 dB degradation, etc.]

alternatively

[ACS = Y2 dB]
	X3 dB NR interferer
in adjacent channel, at Y3 dB degradation, etc.]

alternatively

[ACS = Y3 dB]

	5.5
	SINR operating range
	[TBD?]

	Note 1: TBD.


Proposal 1: We propose to include the parameters given in Table 1 as response to “Characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz”.

Proposal 2: RAN4 should make an agreement regarding the SNR and the Sensitivity definition.
3 Summary
This contribution proposes the NR RF parameters for the proposed frequency range as a response to “Characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz”.
Proposal 1: We propose to include the parameters given in Table 1 as response to “Characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz”.

Proposal 2: RAN4 should make an agreement regarding the SNR and the Sensitivity definition.
Observation 1: Since TDD is more efficiently by its flexibility in requiring only a single block in the available spectrum –and additionally has reduced filter requirements, it becomes a better choice for mmWave.

Observation 2: Power dynamic range can be answered based on different factors. Either the total conducted power is based on the number of antenna or in the total power per UE. Before answering this parameter it should be first discussed the definition for power dynamic range.  

Observation 3: Spectral mask should be aligned with FCC specifications [4], where an emission level of -5 dBm/MHz is required for the first 10 percent of the channel bandwidth from the edge of the licensed block and beyond the first 10 percent of the channel bandwidth, an emission level of -13 dBm/MHz is required.
Observation 4: The ACLR values need to be analyzed for different uses cases. There are different assumptions to be made in order to determine the ACLR.
Observation 5: For the spurious domain and emission limits we consider ITU-R SM.329-12, Category B for the ranges 24.25 GHz to 29.5 GHz and 37 GHz to 43.5 GHz.
Observation 6: Before answering the sensitivity parameter to ITU-R WP5D, it should be first discussed the definition of sensitivity and RAN 4 should find an agreement on an acceptable [image: image8.png]SNRpin
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