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Introduction
This paper presents Nokia’s view on general aspects of demodulation requirements related to the operation between 52.6 GHz and 71 GHz. 
Discussion
Number of PRBs
On the last RAN4 meeting we reached agreement on the combinations of CBW and number of PRBs as follow [1]:
	Issue 2-3-4: General PUSCH test setup
Consider the following simulation assumptions at starting point for PUSCH performance requirements:
· MCS 4, 16, 20
· FFS MCS 4, 16, 20 for 1 Tx and MCS 4, 16 for 2 Tx  
· DM-RS/PT-RS configuration Rel-15 assumptions
· 1+1 DMRS configuration
· PTRS Tx on
· Temporary PRB number (for simulations next meeting):
· (66)(264)(66)(132)(264)(32)(66)(132)(165) for SCS (kHz CWB (MHz)) = (120 100)(120 400)(480 400) (480 800)(480 1600)(960 400)(960 800)(960 1600)(960 2000)




However, this number of PRBs is not in line with what was agreed during the UE RF discussion according to the following agreement [4]
	Agreement: agree the spectral utilization in the table below.
Main session chairman has put an additional agreement in the meeting report that the statement captured in 16 Spectrum Utilization is the working assumption and to be confirmed in the future meeting.
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	120
	66
	264
	N/A
	N/A
	N/A

	480
	N/A
	66
	132
	264
	N/A

	960
	N/A
	33
	66
	132
	[156]






The values that are not matching RF agreements are the ones for 960 kHz with 400 MHz and 2000 MHz CHBW. Therefore it is proposed to align the simulation assumptions to the RF agreements, so that we use the maximum number of PRBs that is possible foreach channel bandwidth. 
Latest RAN4 agreements on number of PRBs are not aligned between demod and RF. 
Demod agreements for 960kHz SCS and 400 MHz BW use 32 PRBs whilt in RF it was agreed to use 33 PRBs. 
Update the number of PRBs for each SCS and CBW combination as:
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	120
	66
	264
	N/A
	N/A
	N/A

	480
	N/A
	66
	132
	264
	N/A

	960
	N/A
	33
	66
	132
	[156]




Channel bandwidth for requirements definition
During the last meeting the following was agreed on maximum BW [1]:
	Issue 2-1-2: CBW for UL requirements definition
Consider minimum CBW for each SCS for UL requirements definition.
Consider maximum CBW for each SCS for UL requirements definition if no testability aspects are identified
· Perform link budget analysis to study max achievable SNR during the test




A concern was raised regarding testability of wider CBW, and it was proposed to perform link budget analysis to evaluate the maximum achievable SNR during the test. A similar discussion had taken place for the definition of the 47 GHz demodulation requirements.  In the case of 47 GHz requirements, the potential problems of unrealistically large demodulator input power and limited TE output power were solved by allowing choice of the AWGN_offset during the test as documented in the WF [2]: 
	· Test feasibility
· RAN4 assumes OTA link budget as sufficient if AWGN_offset can be chosen. 
· Add the following note in the Tables ‘AWGN power level at the BS input’ for BS type 2-O in TS38.141-2 at least from Rel-17 specification in NR_47GHz_band WI:
· Note X: The AWGN power level contains an AWGN offset of 15dB. If needed for test purposes, the AWGN level can be reduced by any value in the range 0dB to 15dB. Changing the AWGN level does not impact the validity of the test, as it reduces the effective base band SNR level.




To calculate the maximum achievable SNR during the test, first we need to calculate the maximum power level at the RIB of the device under test, which takes into account the AWGN power level, the maximum SNR and fading and PAPR margins, as detailed in [6]. 
For a given channel bandwidth, CBW, the AWGN power level is given by the following: 
AWGN_power_level = EISREFSENS_50M + 10log( CBWMHz/50) + ΔFR2_REFSENS + AWGNoffset/ TxBWMHz MHz 
Where: EISREFSENS_50M is the wide area BS reference sensitivity for a CBW of 50 MHz including the BW antenna gain and noise figure, CBWMHz is the target channel bandwidth in MHz, ΔFR2_REFSENS = -3dB, the AWGNoffset is set to 15 dB (in FR2) and TxBWMHz is the channel bandwidth in MHz with the full PRB allocation for each CBW.  
In this analysis, the EISREFSENS_50M  is set to of -107 dBm which is a representative value for wide and medium range base stations. The OTA RIB power level at the DUT is calculated as:
Ptest_RIB = AWGN_power_level (with 15dB offset) + SNR_max + fading and PAPR margin
In this analysis, the Rel-15 assumption of maximum 20 dB SNR testatiblity in FR2 is used, and a fading and PAPR margin equal to 18 dB is considered. The calculation of the AWGN_power_level and P_test_RIB for 20 dB SNR is illustrated in Table 1 for several CBWs. The existing FR2 requirements the AWGN level can be reduced by up to 15 dB, reducing the final power received at the DUT. With this flexibility of 15 dB, the Ptest_RIB  can be set from -41.3 dBm to -56.29  dBm for tests on 2000 MHz CBW. 
[bookmark: _Ref101471011]Table 1 Calculation of AWGN power level and power at the radiated interface boundary 
	CBW [MHz]
	AGWN power level
[dBm / TxBW]
	Ptest_RIB max [dBm]
(AWGN offset = 15)
	Ptest_RIB min [dBm]
(AWGN offset = 0)

	50
	-95
	-57.29
	-72.29

	100
	-92
	-54.29
	-69.29

	200
	-89
	-51.29
	-66.29

	400
	-86
	-48.29
	-63.29

	800
	-83
	-45.29
	-60.29

	1200
	-81
	-43.29
	-58.29

	1600
	-80
	-42.29
	-57.29

	2000
	-79
	-41.29
	-56.29



The OTA RIB power level can be controlled by the AWGN offset, and can go down to -63 dB and -56 dB for 400 MHz and 2000 MHz channel bandwidths respectively. 
Considering that range of values for Ptest_RIB , a similar analysis as the one made in 38.847 [7] can be made for 71 GHz, to calculate the PA output power 
When an Indoor Anechoic Chamber (IAC) is considered, the test antenna and BS antenna are separated by the far field distance, which depends on the BS antenna dimension, D, and the wavelength , as follows:

From that, the free space path loss (FSPL) can be calculated and the required TE PA output power is given by:
PPA_out = Ptest_RIB + FSPL - Gtest_ant + Lcoupler
The values for Gtest_ant and Lcoupler are shown in Table 2 according to [7]. 
[bookmark: _Ref101546319]Table 2 Power requirements for BS demodulation testing in an IAC chamber
	
	47 GHz analysis
	Same parameters as 47 GHz
	Increased antenna gain
	Reduced Ptest_RIB

	Carrier frequency [GHz]
	47
	47
	71
	71
	71
	71
	71
	71

	wavelength  [mm]
	6.38
	6.38
	4.22
	4.22
	4.22
	4.22
	4.22
	4.22

	Antenna dimension  [m]
	0.15
	0.25
	0.15
	0.25
	0.15
	0.25
	0.15
	0.25

	Far field [m]
	7.05
	19.60
	10.66
	29.60
	10.66
	29.60
	10.66
	29.60

	Free space loss FSPL [dB]
	82.9
	91.7
	90.0
	98.9
	90.0
	98.9
	90.0
	98.9

	Ptest_RIB [dBm]
	-49
	-49
	-49
	-49
	-49
	-49
	-55
	-55

	Gtest_ant [dBi]
	17
	17
	17
	17
	20
	20
	17
	17

	Lcoupler [dB]
	3
	3
	3
	3
	3
	3
	3
	3

	Required PPA_out [dBm]
	13.9
	22.7
	21.0
	29.9
	18.0
	26.9
	15.0
	23.9



Table 2 shows that the PPA_out is increased for 71 GHz in comparison to 47 GHz when the same parameters are considered for Ptest_RIB and D. 
We note that most of the values in Table 2 are subject to discussion and need input from the TE vendors. For example, the gain horns used might be closer to 20dBi in current mmWave TEs.
If the same antenna dimensions are considered for both 47 GHz and 71 GHz operation, the PA output power for 71 GHz operation can be up to 29.9 dBm. 
The max output power of commercial TEs is also a matter of feedback from TE vendors, however >26dBm seems like a reasonable assumption.

On the other hand, the analysis done for 47 GHz was assuming 17 dBi antenna gain [7], but as stated above, the gain horns might have gains closer to 20 dBi [9]. If this is considered in the analysis, the maximum required PPA_out is reduced to 26.9 dBm Likewise, the boundary calculation for Ptest_RIB in Table 1 shows that AWGN offset could be further reduced in order to allow for a Ptest_RIB smaller than -49 dBm, which was used for the analysis of 47 GHz [7]. 
If the antenna gain for the  TE is considered as 20 dBi instead of 17 dBi, the required P_PA_outis reduced from 29.9 dBm to 26.9 dBm. 
The flexibility on choice for AWVN offset still allows for reduction o the required received power at the RIB. If reducingit from -49 dBm to -55 dBm the required P_PA_out is reduced to 23.9 dBm. 
The same analysis is performed at Table 3 for a CATR (compact antenna testing range) chamber as in  [7]. The values in this table also include 38 GHz and 47 GHz for comparison. Like for the IAC chamber, the Ptest_RIB or the area of the CATR chamber can be reduced in order to reduce PPA_out if it is identified that this is needed. 
[bookmark: _Ref101547733]Table 3 Power requirements for BS demodulation testing in an CATR chamber
	Carrier frequency [GHz]
	38
	47
	71
	71

	wavelength [mm]
	7.89
	6.38
	4.22
	4.22

	CATR area [m2]
	20
	20
	20
	20

	Lcoupling [dB]
	66.06
	67.91
	71.49
	71.49

	Ptest_RIB [dBm]
	-49
	-49
	-49
	-55

	Lcoupler
	3
	3
	3
	3

	Required PPA_out
	20.06
	21.91
	25.49
	19.49



When CATR chambers are analysed, the required power are reduced in comparison to IAC chambers. As a result, the output powers for CATR that are below 26 dBm and that are feasible in practice. 
Following the back of the envelope calculation provided for IAC and CATR above, we think that 71GHz testing up to 20dB SNR is feasible from a link budget pov, up to and including CBWs of 2000MHz.
We also expect that the same AWGN_offset reduction opportunities from 47GHz are maintained for 71GHz, hence we propose:
RAN4 to define demodulation requirements for FR2-2 including opportunity for AWGN_offset reduction as specified for FR2-1. 
RAN4 to define demodulation requirements for 400 MHz CBW, 1600 MHz for 480 kHz SCS,  and 2000 MHz for 960 kHz SCS.

[bookmark: _Toc64909510]Conclusion
This paper has presented Nokia’s views on PUSCH demodulation requirements for the extension to 71 GHz. From this discussion we have derived the following observations and proposals: 
1. Latest RAN4 agreements on number of PRBs are not aligned between demod and RF. 
Demod agreements for 960kHz SCS and 400 MHz BW use 32 PRBs whilt in RF it was agreed to use 33 PRBs. 
1. Update the number of PRBs for each SCS and CBW combination as:
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	120
	66
	264
	N/A
	N/A
	N/A

	480
	N/A
	66
	132
	264
	N/A

	960
	N/A
	33
	66
	132
	[156]


The OTA RIB power level can be controlled by the AWGN offset, and can go down to -63 dB and -56 dB for 400 MHz and 2000 MHz channel bandwidths respectively. 
If the same antenna dimensions are considered for both 47 GHz and 71 GHz operation, the PA output power for 71 GHz operation can be up to 29.9 dBm. 
If the antenna gain for the  TE is considered as 20 dBi instead of 17 dBi, the required P_PA_outis reduced from 29.9 dBm to 26.9 dBm. 
The flexibility on choice for AWVN offset still allows for reduction o the required received power at the RIB. If reducing it from -49 dBm to -55 dBm the required P_PA_out is reduced to 23.9 dBm. 
When CATR chambers are analysed, the required power are reduced in comparison to IAC chambers. As a result, the output powers for CATR that are below 26 dBm and that are feasible in practice. 
RAN4 to define demodulation requirements for FR2-2 including opportunity for AWGN_offset reduction as specified for FR2-1. 
RAN4 to define demodulation requirements for 400 MHz CBW, 1600 MHz for 480 kHz SCS,  and 2000 MHz for 960 kHz SCS.
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