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1. Introduction
At the last RAN4 meeting (RAN4#102-E) specific details related to BS RF core receiver requirements related to clause 10 in TS 38.104 applicable for the frequency range 52.6 to 71.0 GHz was discussed. The meeting outcome and guidance for this meeting was captured in a Way Forward (WF) contribution [1]. 
In this contribution we present additional information and some proposals necessary to progress the work related to defining RF core requirements for the NR extension up to 71 GHz. 

2. Discussion
As part of the work to define BS RF core requirements to support up to 71 GHz it is RAN4 responsibility to study and analyse the current technology capabilities before finalizing Spectral Utilization (SU). The SU needs to be decided with both considering BS and UE aspects.
As one example the transmitter in-band requirement such as Adjacent Channel Leakage Ratio (ACLR) and receiver in-band requirement such as Adjacent Channel Selectivity (ACS) will translate to channel filter suppression characteristics. As SU is a common BS and UE system parameter, aspects around other requirements such as occupied bandwidth should be considered. For FR2-1 UE where the decided SU makes the occupied bandwidth requirement to become the strictest requirement in terms of in-band unwanted emissions resulting in reduced available UE power. For the BS is larger than then what is required for occupied bandwidth. 
As propagation conditions degrades over frequency, it is essential to have proper SU levels to make sure that the MPR on the UE side is kept to a minimum to ensure reasonable coverage in UL. 
Other factors influencing SU for NR in the frequency range 52.6 to 71.0 GHz is as following:
1. Large array antenna sizes with reduced physical size due to higher frequency, the filtering resources needed to be optimized considering both size, power consumption and thermal aspects.
2. For large carrier bandwidths of up to 2000 MHz the digital filtering could be more challenging depending on ACLR, ACS and occupied bandwidth. Filters with steep slopes requires many taps at high sample rates.
3. Higher SCS resulting in higher modulation spectra as 960 kHz SCS will have at least 9 dB higher modulation spectra compared to 120 kHz SCS. This implies that with similar requirement of e.g., OBUE or ACS, the filter attenuation need to be 9 dB higher for 960 kHz SCS compared to 120 kHz SCS. 
From the unlicensed perspective requirements [4] upon the occupied bandwidth does not contain any “flat PSD” requirement to what has been discussed on the 5 GHz NR-U range. The occupied channel bandwidth defined in [4] is the bandwidth containing 99% of the power of the signal. The occupied bandwidth shall be less than the nominal channel bandwidth, which is declared and used for the foundation of the spectrum emissions mask requirement. The device must comply with the occupied bandwidth while supporting at least one mode of operation with a necessary bandwidth of 70% of the declared nominal channel bandwidth. This means that the SU for licensed operations in 66 to 71 GHz could be significantly less than 90 to 95% typically assumed for FR2-1 below 52.6 GHz. 
Observation: Given the minimum required spectral utilization for RAN1 design needed is 85%, and UE output power should be constrained within 70% of the declared nominal channel bandwidth; together with BS/UE RF design considerations initial spectral utilization should be considered as a range between 85 to 95%. 

At previous meeting preliminary values for NRB allocation was captured in draft CRs for BS and UE. It was also captured in way-forward for base station receiver requirements [1] that further work is required with respect to SU levels used for different carrier configurations.  

2.1 Spectrum utilization
In Table 2.1-1 the spectrum utilization for transmission bandwidth and sub-carrier spacing is listed for FR2-1. For FR2-1, the SU is 95 % except for 50 MHz carrier bandwidth and 120 kHz sub-carrier spacing. 
Table 2.1-1: FR2-1 spectrum utilization
	SCS 
(kHz)
	Transmission bandwidth
(MHz)

	
	50 
	100
	200
	400

	60
	95.0%
	95.0%
	95.0%
	N/A

	120
	92.2%
	95.0%
	95.0%
	95.0%



Unlike for FR2-1, it is proposed for FR2-2 to differentiate the spectrum utilization between 85 to 95 %. In Table 2.1-2, the SU allocation for FR2-2 is listed as function of carrier bandwidth and sub-carrier spacing. 
Table 2.1-2: FR2-2 spectrum utilization
	SCS
(kHz)
	Transmission bandwidth
(MHz)

	
	100
	400
	800
	1600
	2000

	120
	90.0%
	90.0%
	N/A
	N/A
	N/A

	480
	N/A
	88.0%
	88.5%
	86.0%
	N/A

	960
	N/A
	88.0%
	88.5%
	86.0%
	85.0%



The relation between SU level in percent and resource block bandwidth, and number of allocated resource block can be expressed as:

, where Bnrb is the resource block bandwidth for a specific SCS (listed in Table 2.1-3), NRB is the number of allocated resource blocks and B is the transmission bandwidth.
 Table 2.1-3: NRB allocation for FR2-1
	SCS 
(kHz)
	NRB bandwidth
(MHz)

	
	

	60
	0.72

	120
	1.44

	480
	5.76

	960
	11.52



The spectrum utilization allocation in terms of number of NRB and in percent is listed for NR FR2 in Table 2.1-4. The percentage number is rounded to fit given NRB allocation integer. 
Table 2.1-4: NRB and SU allocation FR2
	Frequency range
	SCS
(kHz)
	Transmission bandwidth
(MHz)

	
	
	50
	100
	200
	400
	800
	1600
	2000

	
FR2-1
	60
	66 (95.0%)
	132 (95.0%)
	264 (95.0%)
	N/A
	N/A
	N/A
	N/A

	
	120
	32 (92.2%)
	66 (95.0%)
	132 (95.0%)
	264 (95.0%)
	N/A
	N/A
	N/A

	

FR2-2
	120
	N/A
	62 (89.3%)
	N/A
	248 (89.3%)
	N/A
	N/A
	N/A

	
	480
	N/A
	N/A
	N/A
	61
(87.8%)
	120 (86.4%)
	238 (85.7%)
	N/A

	
	960
	N/A
	N/A
	N/A
	30
(86.4%)
	60
(86.4%)
	119 (85.7%)
	148 (85.2%)




Proposal 1: It is proposed for FR2-2 to adopt SU allocation values given in Table 2.1-4.

2.2 FRC parameters
A Fixed Reference Channel (FRC) is a predefined test signal used to define receiver requirements. For FR2 test signals are defined for receiver sensitivity, ACS, In-band blocking, out-of-band blocking, receiver intermodulation and in-channel selectivity. Detailed information about the FRC definition defined for FR2-1 is captured in Table 2.2-1.
Table 2.2-1: FR2-1 FRC parameters
	Reference channel
	G-FR2-A1-1
	G-FR2-A1-2
	G-FR2-A1-3
	G-FR2-A1-4
	G-FR2-A1-5

	Carrier bandwidth (MHz)
	100
	50
	100
	50
	25

	Subcarrier spacing (kHz)
	60
	120
	120
	60
	120

	Allocated resource blocks
	66
	32
	66
	33
	16

	CP-OFDM Symbols per slot
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size (bits)
	5632
	2792
	5632
	2856
	1416

	Transport block CRC (bits)
	24
	16
	24
	16
	16

	Code block CRC size (bits)
	-
	-
	-
	-
	-

	Number of code blocks - C
	1
	1
	1
	1
	1

	Code block size including CRC (bits)
	5656
	2808
	5656
	2872
	1432

	Total number of bits per slot
	19008
	9216
	19008
	9504
	4608

	Total symbols per slot
	9504
	4608
	9504
	4752
	2304



Since different SU allocations is proposed for 120 kHz operation within FR2-1 and FR2-2, two new FRC is required for the FR2-2 120 kHz case. The new FRC for 120 kHz is named G-FR2-A1-10 and F-FR2-A1-11.
Table 2.2-2: FR2-2 FRC parameters
	Reference channel
	G-FR2-A1-6
	G-FR2-A1-7
	G-FR2-A1-8
	G-FR2-A1-9
	G-FR2-A1-10
	G-FR2-A1-11

	Carrier bandwidth (MHz)
	400
	400
	100
	100
	50
	100

	Subcarrier spacing (kHz)
	480
	960
	480
	960
	120
	120

	Allocated resource blocks
	60
	30
	15
	8
	31
	62

	CP-OFDM Symbols per slot
	12
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	[bookmark: _Hlk499884172]Payload size (bits)
	5120
	2600
	1288
	672
	2664
	5376

	Transport block CRC (bits)
	24
	16
	16
	16
	16
	24

	Code block CRC size (bits)
	-
	-
	-
	-
	-
	-

	Number of code blocks - C
	1
	1
	1
	1
	1
	1

	Code block size including CRC (bits)
	5144
	2616
	1304
	688
	2680
	5400

	Total number of bits per slot
	17280
	8640
	4320
	2304
	8928
	17856

	Total symbols per slot
	8640
	4320
	2160
	1152
	4464
	8928




Proposal 2: For FR2-2 define FRC as described in Table 2.2-2.

2.3 Reference sensitivity
Due to the fact that different SU is proposed for FR2-2 compared to FR2-1, a new FRC is required for FR2-2 as visualised in Table 2.3-1.
Table 2.3-1: FR2 OTA reference sensitivity requirement
	Frequency Range
	BS channel Bandwidth
(MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
	OTA reference sensitivity level, EISREFSENS 
(dBm)

	

FR2-1
	50, 100, 200
	60
	G-FR2-A1-1
	EISREFSENS_50M + ΔFR2_REFSENS

	
	50
	120
	G-FR2-A1-2
	EISREFSENS_50M + ΔFR2_REFSENS

	
	100, 200, 400
	120
	G-FR2-A1-3
	EISREFSENS_50M + 3 + ΔFR2_REFSENS

	

FR2-2
	100, 400
	120
	G-FR2-A1-11
	EISREFSENS_50M + 3 + ΔFR2_REFSENS

	
	400, 800, 1600
	480
	G-FR2-A1-6
	EISREFSENS_50M + 9 + ΔFR2_REFSENS

	
	400, 800, 1600, 2000
	960
	G-FR2-A1-7
	EISREFSENS_50M + 9 + ΔFR2_REFSENS




Proposal 3: For FR2-2 reference sensitivity update table according to change indicated in Table 2.3-1.









2.4 In-Channel selectivity
Due to the fact that different SU is proposed for FR2-2 compared to FR2-1, a new FRC is required for FR2-2 as visualised in Table 2.4-1.
Table 2.4-1: OTA in-channel selectivity requirement for BS type 2-O
	Frequency Range
	BS channel bandwidth (MHz)
	Subcarrier spacing (kHz)
	Reference measurement channel
	Wanted signal mean power (dBm)
(Note 2)
	Interfering signal mean power (dBm)
(Note 2)
	Type of interfering signal

	FR2-1
	50
	60
	G-FR2-A1-4
	EISREFSENS_50M + ΔFR2_REFSENS
	EISREFSENS_50M + 10 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 60 kHz SCS, 
32 RB

	
	100, 200
	60
	G-FR2-A1-1
	EISREFSENS_50M + 3 + ΔFR2_REFSENS
	EISREFSENS_50M + 13 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 60 kHz SCS, 
64 RB

	
	50
	120
	G-FR2-A1-5
	EISREFSENS_50M + ΔFR2_REFSENS
	EISREFSENS_50M + 10 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 120 kHz SCS, 
16 RB

	
	100, 200, 400
	120
	G-FR2-A1-2
	EISREFSENS_50M + 3 + ΔFR2_REFSENS
	EISREFSENS_50M + 13 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 120 kHz SCS, 
32 RB

	FR2-2
	100, 400
	120
	G-FR2-A1-10
	EISREFSENS_50M + 3 + ΔFR2_REFSENS
	EISREFSENS_50M + 13 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 120 kHz SCS, 
32 RB

	
	400
	480
	G-FR2-A1-8
	EISREFSENS_50M + 9 + ΔFR2_REFSENS
	EISREFSENS_50M + 19+ ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 480 kHz SCS, 
32 RB

	
	800, 1600
	480
	G-FR2-A1-6
	EISREFSENS_50M + 12 + ΔFR2_REFSENS
	EISREFSENS_50M + 22 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 480 kHz SCS, 
64 RB

	
	400
	960
	G-FR2-A1-9
	EISREFSENS_50M + 9 + ΔFR2_REFSENS
	EISREFSENS_50M + 19+ ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 960 kHz SCS, 
16 RB

	
	800, 1600, 2000
	960
	G-FR2-A1-7
	EISREFSENS_50M + 12 + ΔFR2_REFSENS
	EISREFSENS_50M + 22+ ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 960 kHz SCS, 
32 RB



Proposal 4: For FR2-2 ICS update table according to change indicated in Table 2.4-1.














3. Conclusion
In this contribution aspects related to spectrum utilization is discussed. Updates with respect to FR2-2 is proposed to reflect technical concerns. 
The following proposals is presented for approval:
Proposal 1: It is proposed for FR2-2 to adopt SU allocation values given in Table 2.1-4.
Proposal 2: For FR2-2 define FRC as described in Table 2.2-2.
Proposal 3: For FR2-2 reference sensitivity update table according to change indicated in Table 2.3-1.
Proposal 4: For FR2-2 ICS update table according to change indicated in Table 2.4-1.
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