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1. Introduction

In RAN4#85 meeting was agreed to add brackets on the ACS levels for re-farming bands and NR bands [1]. This contribution provides more details about the simulation to derive ACS considering the difference on the spectrum utilization for NR compared to LTE.  Based on the technical analysis explained in the contribution we propose the modification of the ACS levels.
2. Discussion
In the contribution [2] simulation results were shown comparing LTE, NR-re-farming and NR bands simulations from 5 MHz up to 100 MHz wanted signal bandwidth. The analysis on this paper considers for the simulation the 50 MHz wanted signal BW and provides as result the required suppression for NR re-farming bands and NR bands considering the NR spectrum utilization of 97.2%, additionality the LTE (extrapolated) figure is given for comparison purpose considering the LTE spectrum utilization of 90%.
2.1 Simulation for ACS for FR1
To derive the filter order for new NR bandwidth the ACS table from 36.101 [3] was extrapolated by 10*log10() scale starting with 25 MHz. The filter extrapolation assumption is more stringent as in LTE, which can be noted when comparing LTE 20 MHz vs. LTE 10 MHz with 6 dB difference as can be seen in Table 1.
Table 1: Adjacent Channel Selectivity for re-farming bands considering 10*log()

	Rx Parameter
	Units
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	40
MHz
	50
MHz
	60

MHz
	80

MHz
	100

MHz

	ACS
	dB
	33
	33
	30
	27
	26
	24
	23
	22
	21
	20


Simulation assumptions:

· 8.5 dB (10 dB - 1.5 dB) additional suppression compared to Table 1. to allow for additional degradation from other contributors like IM3

· Digital Butterworth filter with an sampling rate 3.5 times the wanted carrier bandwidth

· F3dB same as single sided wanted spectrum bandwidth. The maximum bandwidth over all SCS are used.
· The following agreement for spectrum utilization for NR was considered for the simulation.

Table 2: NR Spectrum Utilization [4]

	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[TBD]
	216
	270
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	[TBD]
	106
	133
	162
	217
	273

	60
	N/A
	11
	18
	24
	31
	[TBD]
	51
	65
	79
	107
	135


Filter order derivation on the simulation:
· Sweep filter order to reach at least the required suppression 

Table 3, Table 4, Table 5 have the following variables, RB for Resource blocks, BW_c for Carrier bandwidth, f_i for Offset frequency interferer, BW_i for Interferer bandwidth, C2I for Average interferer suppression and fs for sampling frequency. Each column on the table have “LTEx”, where x is the corresponding channel bandwidth in MHz. For example LTE10 means LTE with 10 MHz channel bandwidth. 
Table 3: Required Filter Order for LTE
[image: image1.emf]LTE LTE5 LTE10 LTE15 LTE20 LTE25 LTE40 LTE50 LTE60 LTE80 LTE100

RB  25 50 75 100 125 200 250 300 400 500

BW_c 4.50E+06 9.00E+06 1.35E+07 1.80E+07 2.25E+07 3.60E+07 4.50E+07 5.40E+07 7.20E+07 9.00E+07

f_i 5.00E+06 7.50E+06 1.00E+07 1.25E+07 1.50E+07 2.25E+07 2.75E+07 3.25E+07 4.25E+07 5.25E+07

BW_i 4.50E+06 4.50E+06 4.50E+06 4.50E+06 4.50E+06 4.50E+06 4.50E+06 4.50E+06 4.50E+06 4.50E+06

C2I 43.91 42.11 39.21 36.47 34.60 32.64 32.59 31.47 29.82 28.64

Filter order 13 17 18 18 18 19 20 20 20 20

fs 15750000 31500000 47250000 63000000 78750000 126000000 157500000 189000000 252000000 315000000


Table 4: Resulting Suppression for NR Re-farming
[image: image2.emf]LTE LTE5 LTE10 LTE15 LTE20 LTE25 LTE40 LTE50 LTE60

RB  25 50 75 100 125 200 250 300

BW_c 4.50E+06 9.36E+06 1.42E+07 1.91E+07 2.39E+07 3.89E+07 4.86E+07 5.83E+07

f_i 5.00E+06 7.50E+06 1.00E+07 1.25E+07 1.50E+07 2.25E+07 2.75E+07 3.25E+07

BW_i 4.50E+06 4.50E+06 4.50E+06 4.50E+06 4.50E+06 4.50E+06 4.50E+06 4.50E+06

Suppression 43.91 35.44 29.86 26.01 23.50 18.20 17.39 16.29

Filter order 13 17 18 18 18 19 20 20

fs 15750000 31500000 47250000 63000000 78750000 126000000 157500000 189000000


Table 5: Resulting Suppression for NR
[image: image3.emf]LTE LTE5 LTE10 LTE15 LTE20 LTE25 LTE40 LTE50 LTE60 LTE80 LTE100

RB  25 50 75 100 - - 250 - - 500

BW_c 4.50E+06 9.36E+06 1.42E+07 1.91E+07 - - 4.86E+07 - - 9.83E+07

f_i 5.00E+06 1.00E+07 1.50E+07 2.00E+07 - - 5.00E+07 - - 1.00E+08

BW_i 4.50E+06 9.36E+06 1.42E+07 1.91E+07 - - 4.86E+07 - - 9.83E+07

Suppression 43.91 40.95 38.15 35.98 - - 31.14 - - 27.00

Filter order 13 17 18 18 - - 20 - - 20

fs 15750000 31500000 47250000 63000000 - - 157500000 - - 315000000


To obtain the achievable suppression with this filter the sampling frequency and filter order is kept constant but the f3dB was changed to the bandwidth of the NR single sided wanted spectrum (maximum bandwidths for all SCS are used). The average interferer suppression (C2I) is shown in Table 4 and 5 for NR re-farming and NR respectively. 

Below in Figure 1 the simulation results for LTE extrapolated are shown considering the interferer BW of 5 MHz with a SU of 90%. Figure 2 shows the simulation results for NR re-farming band with an interferer BW of 5 MHz and Figure 3 shows the simulation results for NR bands with an interferer BW of 50 MHz BW the same as the wanted signal BW. Both Figure 2 and Figure 3 consider the NR SU of 97.2% 
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Figure 1: LTE (Extrapolation), Wanted signal BW is 50 MHz, Interferer BW is 5 MHz
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Figure 2: NR re-farming band, Wanted signal BW is 50 MHz, Interferer BW is 5 MHz
Figure 3: NR band, Wanted signal BW is 50 MHz, Interferer BW is 50 MHz
After comparison of the figures above it can be seen that the spectrum utilization in NR reduces the transition band between wanted carrier and blocker. The target is not to have a receive filter requirement more stringent in order to keep UE power consumption low. The main idea of this contribution is to keep the receive filter order constant and adapt the filter bandwidth to the new NR carrier bandwidth while keeping the filter order.
The graphs show that for a real implementation the decimation filter will fold the interference into the wanted channel frequency range. Additionally, the remaining interference level will raise the dynamic range requirements from DSP channel filter up to the FFT block. Therefore, the results show that a relaxation on the ACS requirements is needed.
Due to the difference on the SU in NR compared to LTE, it can be observed that the average interferer suppression in Figure 1 (LTE case) is 32.6 dB and in Figure 2 (NR re-farming case) is 17.4 dB. The difference of the suppression is over 15 dB. The consequence of these difference would be that a ‘digital implementation’ test is introduced which will challenge (typ. RB/BB) implementation. Figure 4 gives an example of a typical implementation scheme where the RF transceiver is composed of ADC, the decimation filter and the channel filter, the BB processor considers the FSRC and the FFT filter in the diagram. The numbers below give a list of the problems and challenges to handle if the ACS level is not modified. Each of the number appears as part of the Figure 4.
1) All digital blocks up to the FFT output 

2) Digital channel filter requires higher order filter which is in conflict in required reduced latency in NR

3) Fractional resample filter will fold adjacent channel interference to in-channel distortion

4) Digital interface must have higher dynamic range to handle increased interference (major part will be filtered only by FFT)

5) FFT must have extended dynamic range to cope with higher interference
Observation 1:
 The simulation results show that a relaxation on the ACS requirement is needed in order to avoid the problems/challenges listed above.
Figure 4: Example of typical implementation scheme

2.2 Proposal for ACS level modification
We propose the following tables (Table 6 – Table 11) for the ACS level for the re-farming bands and NR bands based on the simulations and argument given in subsection 2.1.
· Re-farming bands:

Table 6: ACS for NR bands with FDL_high < 2700 MHz and FUL_high < 2700 MHz
	RX parameter
	Units
	
	Channel bandwidth
	
	

	
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	ACS
	dB
	33
	33
	30
	27
	23
	22.5
	21
	20
	19.5
	18
	17


Table 7: Test parameters for NR bands with FDL_high < 2700 MHz and FUL_high < 2700 MHz, case 1

	RX parameter
	Units
	Channel bandwidth

	
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	Power in transmission bandwidth configuration
	dBm
	REFSENS + 14 dB

	Pinterferer
	dBm
	REFSENS + 45.5 dB
	REFSENS + 45.5 dB
	REFSENS + 42.5 dB
	REFSENS + 39.5 dB
	REFSENS + 35.5 dB
	REFSENS + 35 dB
	REFSENS + 33.5 dB
	REFSENS + 32.5  dB
	REFSENS + 32 dB
	REFSENS + 30.5 dB
	REFSENS + 29.5 dB

	BWinterferer
	MHz
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	Finterferer (offset)
	MHz
	5
/
-5
	7.5
/
-7.5
	10
/
-10
	12.5
/
-12.5
	15
/
-15
	17.5

/

-17.5
	22.5
/
-22.5
	27.5
/
-27.5
	32.5
/
-32.5
	42.5
/
-42.5
	52.5
/
-52.5

	NOTE 1:
The transmitter shall be set to 4dB below […].
NOTE 2:
The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to  MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with an SCS equal to that of the wanted signal.
NOTE 3:
The interferer consists of the NR interferer RMC specified in […]


Table 8: Test parameters for NR bands with FDL_high < 2700 MHz and FUL_high < 2700 MHz, case 2
	RX parameter
	Units
	Channel bandwidth

	
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	Power in transmission bandwidth configuration
	dBm
	-56.5
	-56.5
	-53.5
	-50.5
	-46.5
	-47
	-44.5
	-43.5
	-43
	-41.5
	-40.5

	Pinterferer
	dBm
	-25

	BWinterferer
	MHz
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	Finterferer (offset)
	MHz
	5
/
-5
	7.5
/
-7.5
	10
/
-10
	12.5
/
-12.5
	15
/
-15
	17.5

/

-17.5
	22.5
/
-22.5
	27.5
/
-27.5
	32.5
/
-32.5
	42.5
/
-42.5
	52.5
/
-52.5

	NOTE 1:
The transmitter shall be set to 4dB below […].
NOTE 2:
The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to  MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with an SCS equal to that of the wanted signal.
NOTE 3:
The interferer consists of the NR interferer RMC specified in […]


Observation 2:
 The ACS level for re-farming bands is similar to LTE for wanted signal bandwidth up to 20 MHz. For wanted signal bandwidth larger than 20 MHz the ACS level values have been relaxed in 3 dB compared to [1].
· NR bands:
Table 9: ACS for NR bands with FDL_low ≥ 3300 MHz and FUL_low ≥ 3300 MHz
	RX parameter
	Units
	Channel bandwidth

	
	
	10 MHz
	15 MHz
	20 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	ACS
	dB
	33
	33
	33
	33
	33
	33
	33
	33


Table 10: Test parameters for NR bands with FDL_low ≥ 3300 MHz and FUL_low ≥ 3300 MHz, case 1
	RX parameter
	Units
	Channel bandwidth

	
	
	10 MHz
	15 MHz
	20 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	Power in transmission bandwidth configuration
	dBm
	REFSENS + 14 dB

	Pinterferer
	dBm
	REFSENS + 45.5 dB 


	BWinterferer
	MHz
	10
	15
	20
	40
	50
	60
	80
	100

	Finterferer (offset)
	MHz
	10
/
-10
	15

/

-15
	20
/
-20
	40
/
-40
	50
/
-50
	60
/
-60
	80
/
-80
	100
/
-100

	NOTE 1:
The transmitter shall be set to 4dB below […].
NOTE 2:
The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with an SCS equal to that of the wanted signal.
NOTE 3:
The interferer consists of the NR interferer RMC specified in […]


Table 11: Test parameters for NR bands with FDL_low ≥ 3300 MHz and FUL_low ≥ 3300 MHz, case 2
	RX parameter
	Units
	Channel bandwidth

	
	
	10 MHz
	15 MHz
	20 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	Power in transmission bandwidth configuration
	dBm
	-56.5

	Pinterferer
	dBm
	-25

	BWinterferer
	MHz
	10
	15
	20
	40
	50
	60
	80
	100

	Finterferer (offset)
	MHz
	10
/
-10
	15

/

-15
	20
/
-20
	40
/
-40
	50
/
-50
	60
/
-60
	80
/
-80
	100
/
-100

	NOTE 1:
The transmitter shall be set to 4dB below […].
NOTE 2:
The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with an SCS equal to that of the wanted signal.
NOTE 3:
The interferer consists of the NR interferer RMC specified in […]


Proposal 1:
To modify the ACS level for re-farming and NR bands according to the numbers given on the tables from Table 6 to Table 11.

3. Conclusions
In this contribution we have shown via simulations that the spectrum utilization for NR has significant impact on the ACS requirement definition for NR. We have provided a list of challenges and problems to handle if the ACS level is not modified. Therefore we make the following proposal:
Observation 1:
 The results show that a relaxation on the ACS requirement is needed in order to avoid these challenges
1) All digital blocks up to the FFT output 

2) Digital channel filter requires higher order filter which is in conflict in required reduced latency in NR

3) Fractional resample filter will fold adjacent channel interference to in-channel distortion

4) Digital interface must have higher dynamic range to handle increased interference (major part will be filtered only by FFT)

5) FFT must have extended dynamic range to cope with higher interference
Observation 2:
 The ACS level for re-farming bands is similar to LTE for wanted signal bandwidth up to 20 MHz. For wanted signal bandwidth larger than 20 MHz the ACS level values have been relaxed in 3 dB compared to [1].
Proposal 1:
To modify the ACS level for re-farming and NR bands according to the numbers given on the tables from Table 6 to Table 11.
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