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1 Background 
The RAN plenary has tasked RAN1 and RAN4 to discuss the detailed parameter sets needed to respond to the 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” [1]. A first response was developed at RAN4 #80 in Gothenburg and was sent by TSG RAN to ITU-R WP5D [2]. A further updated LS has now been sent from WP5D [3], giving so clarification of the “SINR Range” parameter. A final response from 3GPP must be completed at the present January NR AH meeting.

This paper makes a proposal for the final response to the LS from WP5D in [3], based on the discussion and conclusions made for each parameter in [4]. A proposed response is provided in Annex 1 and each parameter is presented also below in section 3.
2 Guiding principles for a response
The following was agreed in the WF from RAN4#81 [4] regarding how to develop the response to ITU-R:
The IMT parameters reported to ITU-R WP5D are developed by RAN4 for the purpose of sharing and compatibility studies with other systems. They are aimed at describing the expected behaviour we see of NR with present knowledge and should not be seen as an agreement of what the final NR parameters and characteristics will be. The parameters for WP5D do also not cover all options and parameter ranges, and further variations will be introduced later in the NR work for the final specifications. 

This principle should make it easier to agree on IMT parameters, without being too constrained in relation to future agreements on NR RF parameters. It is also important that the response to ITU-R does not include parameter ranges or other ambiguities. If 3GPP cannot decide on the exact value of a parameter now, the receiving groups in ITU-R will not be able to do that either. It is better to have such a decision in 3GPP, however little basis we have for it.
The IMT parameters provided to ITU-R should be clearly described as single values, avoiding ranges or options that would create uncertainty.
3 Presentation of IMT parameters

A thorough discussion and walk-through of all parameters is done in [5]. The conclusions and proposals are summarized below.
3.1 General parameters
Duplex Method

The response will be TDD as agreed in the WF from RAN4#81 [4].

Channel bandwidth (MHz)

The response will be 200 MHz as agreed in the WF from RAN4#81 [4].

Signal bandwidth (MHz)

As discussed in [5], the way forward for spectrum confinement from the previous meeting outline that more studies are needed, but improved spectrum utilization is anticipated for NR compared to E-UTRA, where it is 90%. 

The proposal is therefore “>90% of channel bandwidth” as is already stated in the WF [4] in brackets.

Band of operation

Parameters will be stated for up to three frequency ranges (24.24 – 33.4 GHz, 37 – 52.6 GHz and 66 – 86 GHz), as agreed in the WF from RAN4#81 [4].

3.2 BS parameters

Power dynamic range (dB)

Since no power control is anticipated and will not be applied in the sharing and compatibility studies, the response is “0 dB conducted BS output power”, as agreed in the WF from RAN4#81 [4].
Spectral mask
Based on the WF and previous discussions, a mask (SEM) is proposed in [5] and [6] with three components: 
1. A baseline level based on FCC Title 47, §30.203, being -13 dBm/MHz with an 8 dB relaxation in the first 20 Mhz.

2. A limit in the two first adjacent channels as a relative component corresponding to the ACLR, but based on a relaxation of 3 dB to account for spectral variations in the emissions. This component applies for power levels where the related limit would be lower than the baseline.

3. An absolute level as a lower limit to the spectrum mask for lower output power levels

Since the mask depends on ACLR, there are slight differences between the masks in the three frequency ranges, since different ACLR values are proposed (see below). The BS masks for all three frequency ranges in tabular form can be found in the BS mask proposal in [13] and are also copied into Annex 1. References to the SEM Tables are given from the summary table in the response. It can be considered further whether there is any better way of integrating the masks in the response.
A Note 1 is added below the table to clarify that the SEM is defined as Total Radiated Power (TRP).
ACLR
Based both on what is feasible from a technology point-of-view and the results from the RAN4 co-existence studies, ACLR values are proposed in [5]. For the BS, 30 dB, 27 dB and 24 dB are proposed for the three frequency ranges.
Also here, a reference is made to Note 1 to clarify that the ACLR is defined as Total Radiated Power (TRP).
Spurious emissions
It is proposed in [5] that the Category A limit (-13 dBm/Mhz) is used for the ITU-R response, since Category A limits are applied in a substantial part of the world (ITU Regions 2 and 3), and must thus be in the response, so that compatibility and sharing is studied under the conditions that will apply in those regions.
Also here, a reference is made to Note 1 to clarify that the Spurious Emissions are defined as Total Radiated Power (TRP).
Noise figure

Based on conclusions from the discussions of mm-wave technology in RAN4, a proposal is made in [5] for 10 dB, 12 dB and 14 dB to be used in the three frequency ranges for the BS.
Sensitivity

It is proposed in [5] not to give explicit Rx sensitivity values. A Note 2 is added to explain how such values can be calculated.
Blocking response

Based on interferer statistics and the RAN4 co-existence studies, BS blocking levels are proposed in [5]. The proposed values are -52 dBm, -55 dBm and -48 dBm for the three frequency ranges.
ACS

Based on the RAN4 co-existence studies, BS ACS values and corresponding interferer levels are proposed in [5]. It is suggested that the ACS values are used for the response to ITU-R. The value is 24 dB for all three frequency ranges.
SINR operating range

As agreed in the WF from RAN#81 [4], a mapping function from R4-1610570 is to be used. That mapping function is copied into Annex 1, with a reference given from the summary table.
3.3 UE parameters

Power dynamic range (dB)

As stated in the WF from RAN4#81 [4], a value based on assumed minimum and maximum conducted output power of a UE should be used for ITU-R response. This results in a values of 63 dB [5].
Spectral mask
The UE mask (SEM) proposed in [5] and [7] is an absolute mask and is based on FCC Title 47, §30.203. The mask level in what approximately corresponds to the 2nd adjacent channel is set 5 dB tighter than in the first channel. The resulting SEM is detailed in [7] and is inserted in tabular format into Annex 1. A reference to the SEM table is given from the summary table in the response. It can be considered further whether there is any better way of integrating the mask in the response.

As for the BS, a Note 1 is added below the table to clarify that the SEM is defined as Total Radiated Power (TRP).
ACLR

Based both on what is feasible from a technology point-of-view and the results from the RAN4 co-existence studies (asymmetric approach), ACLR values are proposed in [5]. For the UE, 25 dB, 22 dB and 19 dB are proposed for the three frequency ranges.

Also here, a reference is made to Note 1 to clarify that the ACLR is defined as Total Radiated Power (TRP).
Spurious emissions
As for the BS, it is proposed in [5] that the Category A limit (-13 dBm/Mhz) is used for the ITU-R response

Also here, a reference is made to Note 1 to clarify that the Spurious Emissions are defined as Total Radiated Power (TRP).
Noise figure

Based on conclusions from the discussions of mm-wave technology in RAN4, a proposal is made in [5] for 10 dB, 12 dB and 14 dB to be used in the three frequency ranges for the UE.
Sensitivity

It is proposed in [5] not to give explicit Rx sensitivity values. A Note 2 is added to explain how such values can be calculated.
Blocking response

Based on interferer statistics and the RAN4 co-existence studies, BS blocking levels are proposed in [5]. The proposed values are -53 dBm, -55 dBm and -55 dBm for the three frequency ranges.
ACS

Based on the RAN4 co-existence studies, BS ACS values and corresponding interferer levels are proposed in [5]. It is suggested that the ACS values are used for the response to ITU-R. The values are 23 dB, 21 dB and 22 dB for the three frequency ranges.
SINR operating range

As agreed in the WF from RAN#81 [4], a mapping function from R4-1610570 is to be used. That mapping function is copied into Annex 1, with a reference given from the summary table.

4 Proposal
Based on the WF from RAN#81 [4] and further discussion and analysis in [5], values for all IMT parameter are presented in this paper and summarized in Annex 1.
PROPOSAL: It is proposed that the IMT parameters in Annex 1 are used for the LS response to ITU-R WP5D.
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ANNEX 1: IMT parameters for response to ITU-R WP5D
The following response is proposed to ITU-R WP5D, with final IMT parameters inserted.

	
	
	IMT-2020 

	No.
	Parameter
	Base station
	Mobile station

	1
	Duplex Method
	TDD
	TDD

	2
	Channel bandwidth (MHz)
	200 MHz
	200 MHz

	3
	Signal bandwidth (MHz)
	>90% of channel bandwidth
	>90% of channel bandwidth


	No.
	Parameter
	IMT-2020 (Base station)

	
	Band of operation
	24.24 – 33.4 GHz
	37 – 52.6 GHz
	66 – 86 GHz

	4
	Transmitter characteristics
	

	4.1
	Power dynamic range (dB)
	0 dB conducted BS output power

	4.2
	Spectrum mask (Note 1)
	For PTx  ≥ 37 dBm,
see Table 1.

For PTx  < 37 dBm,
see Table 2.
	For PTx  ≥ 34 dBm,
see Table 3.

For PTx  < 34 dBm,
see Table 4.
	For PTx  ≥ 31 dBm,
see Table 5.

For PTx  < 31 dBm,
see Table 6.

	4.3
	ACLR (Note 1)
	30 dB
	27 dB
	24 dB

	4.4
	Spurious emissions (Note 1)
	-13 dBm/MHz


	5
	Receiver characteristics
	

	5.1
	Noise figure
	10 dB
	12 dB
	14 dB

	5.2
	Sensitivity (Note 2)
	-
	-
	-

	5.3
	Blocking response
	-52 dBm
	-55 dBm
	-48 dBm

	5.4
	ACS 
	24 dB
	24 dB
	24 dB

	5.5
	SINR operating range
	The SINR mapping function is given below.

	Note 1: Unwanted emissions requirements are defined as Total Radiated Power (TRP).

Note 2: Sensitivity can be derived from an assumed SINR value (e.g. SINR = 0 dB), noise figure, bandwidth, assumed number of antenna elements, antenna element gain and implementation margin. The corresponding throughput performance can be derived using the SINR mapping function.


	No.
	Parameter
	IMT-2020 (Mobile station)

	
	Band of operation
	24.24 – 33.4 GHz
	37 – 52.6 GHz
	66 – 86 GHz

	4
	Transmitter characteristics
	

	4.1
	Power dynamic range (dB)
	63 dB

	4.2
	Spectrum mask (Note 1)
	See Table 7.

	4.3
	ACLR (Note 1)
	25 dB
	22 dB
	19 dB

	4.4
	Spurious emissions (Note 1)
	-13 dBm/MHz


	5
	Receiver characteristics
	

	5.1
	Noise figure
	10 dB
	12 dB
	14 dB

	5.2
	Sensitivity (Note 2)
	-
	-
	-

	5.3
	Blocking response
	-53 dBm
	-55 dBm
	-55 dBm

	5.4
	ACS 
	23 dB
	21 dB
	22 dB

	5.5
	SINR operating range
	The SINR mapping function is given below.

	Note 1: Unwanted emissions requirements are defined as Total Radiated Power (TRP).

Note 2: Sensitivity can be derived from an assumed SINR value (e.g. SINR = 0 dB), noise figure,  bandwidth, assumed number of antenna elements, antenna element gain and implementation margin. The corresponding throughput performance can be derived using the SINR mapping function.


Spectrum emission mask tables
Table 1: BS spectrum mask for PTx  ≥ 37 dBm in the frequency range 24.24 – 33.4 GHz
	Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0 ( (f < 20 MHz
	-5 dBm
	1 MHz

	20 MHz ( (f < 400 MHz
	-13 dBm
	1 MHz

	(f > 400 MHz
	Spurious domain limits
	1 MHz


Table 2: BS spectrum mask for PTx  < 37 dBm in the frequency range 24.24 – 33.4 GHz
	Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth


	0 ( (f < 20 MHz
	Max(PTx – 42 dB, -20 dBm)
	1 MHz

	20 Mhz ( (f < 400 MHz
	Max(PTx – 50 dB, -20 dBm)
	1 MHz

	(f > 400 MHz
	Spurious domain limits
	1 MHz


Table 3: BS spectrum mask for PTx  < 34 dBm in the frequency range 37 – 52.6 GHz
	Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0 ( (f < 20 MHz
	-5 dBm
	1 MHz

	20 MHz ( (f < 400 MHz
	-13 dBm
	1 MHz

	(f > 400 MHz
	Spurious domain limits
	1 MHz


Table 4: BS spectrum mask for PTx  < 34 dBm in the frequency range 37 – 52.6 GHz
	Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0 ( (f < 20 MHz
	Max(PTx – 39 dB, -20 dBm)
	1 MHz

	20 Mhz ( (f < 400 MHz
	Max(PTx – 47 dB, -20 dBm)
	1 MHz

	(f > 400 MHz
	Spurious domain limits
	1 MHz



Table 5: BS spectrum mask for PTx  ≥ 31 dBm in the frequency range 66 – 86 GHz
	Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0 ( (f < 20 MHz
	-5 dBm
	1 MHz

	20 MHz ( (f < 400 MHz
	-13 dBm
	1 MHz

	(f > 400 MHz
	Spurious domain limits
	1 MHz


Table 6: BS spectrum mask for PTx  < 31 dBm in the frequency range 66 – 86 GHz
	Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0 ( (f < 20 MHz
	Max(PTx – 36 dB, -20 dBm)
	1 MHz

	20 Mhz ( (f < 400 MHz
	Max(PTx – 44 dB, -20 dBm)
	1 MHz

	(f > 400 MHz
	Spurious domain limits
	1 MHz


Table 7: UE spectrum mask
	Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0 ( (f < 20 MHz
	-5 dBm
	1 MHz

	20 MHz ( (f < 220 MHz
	-13 dBm
	1 MHz

	220 MHz ( (f < 400 MHz
	-18 dBm
	1 MHz

	(f > 400 MHz
	Spurious domain limits
	1 MHz


SINR operating range and mapping function
The following equations approximate the throughput over a channel with a given SNR, when using link adaptation:
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Where:


S(SNIR)
Shannon bound, S(SNIR) =log2(1+SNIR)  bps/Hz
(

Attenuation factor, representing implementation losses
SNRMIN

Minimum SNIR of the codeset, dB
ThrMAX 

Maximum throughput of the code set, bps/Hz
SNIRMAX
SNIR at which max throughput is reached S-1(ThrMAX), dB
The parameters α, SNRMIN and SINRMAX can be chosen to represent different modem implementations and link conditions. The parameters in table 8 represent a baseline case, which assumes: 

· 1:1 antenna configurations

· AWGN channel model 

· Link Adaptation (see table 8 for details of highest and lowest rate codes)

· No HARQ

Table 8
Parameters describing baseline Link Level performance for 5G NR
	Parameter 
	DL 
	UL 
	Notes 

	α
	0.6 
	0.4 
	Represents implementation losses 

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

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