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1. Introduction

In the previous meetings RAN4 has been discussed UE for sub 6 GHz. This contribution provides our view on the ACS for both re-farming and NR bands as well as a simulation to derive ACS considering the difference on the spectrum utilization for NR compared to LTE, which has not been previously considered for the estimation of the ACS levels. Based on this technical analysis we propose two possible methods to derive the values for the ACS requirement.
2. Adjacent Channel Sensitivity for sub 6 GHz
Adjacent Channel Selectivity (ACS) is a measure of the ability of a receiver to receive a signal at its assigned channel frequency in the presence of a strong signal in the adjacent channel considering a frequency offset from the center frequency of the assigned channel. 
In previous meetings ACS for re-farming bands and NR bands have been discussed without considering the spectrum utilization changes for NR [3], which have an important impact on the receiver requirements. In this contribution we share our view of ACS for sub 6 GHz, which is divided into three subsections, Simulations to derive ACS for FR1, ACS for re-farming bands and ACS for NR bands.
2.1 Simulations to derive ACS for FR1

Spectrum utilization in NR will reduce transition band between wanted carrier and blocker as shown in the Figure 1. 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. 
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Figure 1: ACS Blocker for LTE (left) and ACS for NR (right)
To derive the filter order for new NR bandwidth the ACS table from 36.101 [2] 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.
Observation 1:
 To derive the filter order for new NR bandwidth the ACS table from 36.101 was extrapolated by 10*log10() scale starting with 25 MHz. 
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 butterwort 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.

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

Table 2, Table 3, Table 4 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 2: Required Filter Order for LTE
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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 3: Resulting Suppression for NR Re-farming
[image: image4.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 4:Resulting Suppression for NR
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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 3 and 4 for NR re-farming and NR respectively. The filter order is quite constant starting from LTE15 compared to the LTE standard where the filter order reduces starting with LTE10 (which corresponds to the change from 20*log10() to 10*log10() scale in NR). 

Simulation Results:
The following simulation results show the averaged suppression of wanted and interferer carrier. The figures below contain 3 subfigures (LTE, NR-re-farming and NR bands simulations) from 5 MHz up to 100 MHz wanted signal bandwidth. Each subfigure show the filter responds with the same filter order in each subplot. The top subplot show: extrapolated LTE after determining required filter order, middle sub-figure: NR reframing and bottom subfigure: NR stand alone. 
Results 1: LTE (top), NR-Re-farming (middle), NR bands (bottom) with 5 MHz wanted signal BW 
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Results 2: LTE (top), NR-Re-farming (middle), NR bands (bottom) with 10 MHz wanted signal BW 
Results 3: LTE (top), NR-Re-farming (middle), NR bands (bottom) with 15 MHz wanted signal BW 
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Results 4: LTE (top), NR-Re-farming (middle), NR bands (bottom) with 20 MHz wanted signal BW 
Results 5: LTE (top), NR-Re-farming (middle), NR bands (bottom) with 25 MHz wanted signal BW[image: image11.emf]-4 -3 -2 -1 0 1 2 3 4
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Results 6: LTE (top), NR-Re-farming (middle), NR bands (bottom) with 40 MHz wanted signal BW[image: image12.emf]-4 -3 -2 -1 0 1 2 3 4
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Results 7: LTE (top), NR-Re-farming (middle), NR bands (bottom) with 50 MHz wanted signal BW[image: image13.emf]-8 -6 -4 -2 0 2 4 6 8

10

7

-80

-60

-40

-20

0

LTE (extrapol.), bw_c = 36.00 MHz, bw_i = 4.50 MHz, f_off = 22.5 MHz, C2I = 32.6 dB

-0.1 dB

-32.7 dB

-8 -6 -4 -2 0 2 4 6 8

10

7

-80

-60

-40

-20

0

NR refarm, bw_c = 38.88 MHz, bw_i = 4.50 MHz, f_off = 22.5 MHz, C2I = 18.2 dB

-0.1 dB

-18.3 dB


[image: image14.emf]-8 -6 -4 -2 0 2 4 6 8

10

7

-80

-60

-40

-20

0

LTE (extrapol.), bw_c = 45.00 MHz, bw_i = 4.50 MHz, f_off = 27.5 MHz, C2I = 32.6 dB

-0.1 dB

-32.7 dB

-8 -6 -4 -2 0 2 4 6 8

10

7

-80

-60

-40

-20

0

NR refarm, bw_c = 48.60 MHz, bw_i = 4.50 MHz, f_off = 27.5 MHz, C2I = 17.4 dB

-0.1 dB

-17.4 dB

-8 -6 -4 -2 0 2 4 6 8

10

7

-80

-60

-40

-20

0

NR, bw_c = 48.60 MHz, bw_i = 48.60 MHz, f_off = 50.0 MHz, C2I = 31.1 dB

-0.1 dB

-31.2 dB

Results 8: LTE (top), NR bands (bottom) with 60 MHz wanted signal BW
Results 9: LTE (top), NR bands (bottom) with 100 MHz wanted signal BW
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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.
Observation 2:
 The results show that a relaxation on the ACS requirement is needed in order to avoid interference into the wanted channel frequency range during the digital resampling stages.
Observation 3:
 The results show that a relaxation on the ACS requirement is needed in order to avoid higher interference level raise dynamic range requirements from DSP channel filter up to the FFT block. 
2.2 ACS for re-farming bands


	
	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
	


An important aspect to consider is that the spectrum utilization has increased for NR compared to LTE [3], thus it is not reasonable to maintain the same interferer level. We propose to modify the interferer level accordingly due to the changes in the SU for NR, this will facilitate to keep the same filter order.
Observation 4:
 Since the spectrum utilization has increased for NR compared to LTE, it is not reasonable to maintain the same interferer level for NR compared to LTE. 
Table 5 shows the values for ACS re-farming bands and NR bands, In this tables the ACS values consider the above simulation analysis, the filter suppression and 8.5 dB (10dB – 1.5 dB) are subtracted and then rounding/smoothing is applied. The difference between Table 1 and Table 5 relies on the fact that NR has a higher spectrum utilization, which requires a widening passband of the wanted carrier filter. 

Table 6 and Table 7 taking into account the modified values for ACS from Table 5.
Table 5: Adjacent Channel Selectivity for re-farming bands – after simulation

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

MHz

	ACS
	dB
	33
	27
	21.5
	17.5
	15
	9.5
	8.5
	7.5



Table 6: Test parameters for Adjacent channel selectivity for re-farming bands, Case 1

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40MHz
	50MHz
	60MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14

	PInterferer
	dBm
	REFSENS +45.5dB
	REFSENS +39.5dB
	REFSENS +34dB
	REFSENS +30dB
	REFSENS +27.5dB
	REFSENS +22dB
	REFSENS +21dB
	REFSENS +20dB

	BWInterferer 
	MHz
	5
	5
	5
	5
	5
	5
	5
	5

	Finterferer (offset)
SCS=15kHz
	MHz
	5+0.0025
/
-5-0.0025
	7.5+0.0075
/
-7.5-0.0075
	10+0.0125
/
-10-0.0125
	12.5+0.0025
/
-12.5-0.0025
	15+0.0075
/
-15-0.0075
	22.5+0.0075
/
-22.5-0.0075
	NA
	NA

	Finterferer (offset)
SCS=30kHz
	MHz
	NA
	7.5+0.015
/
-7.5-0.015
	10+0.005
/
-10-0.005
	12.5+0.025
/
-12.5-0.025
	15+0.015
/
-15-0.015
	22.5+0.015
/
-22.5-0.015
	27.5+0.025
/
-27.5-0.025
	32.5+0.005
/
-32.5-0.005

	Finterferer (offset)
SCS=60kHz
	MHz
	NA
	7.5+0.030
/
-7.5-0.030
	10+0.05
/
-10-0.05
	12.5+0.010
/
-12.5-0.010
	15+0.030
/
-15-0.030
	22.5+0.030
/
-22.5-0.030
	27.5+0.010
/
-27.5-0.010
	32.5+0.05
/
-32.5-0.05


Table 7: Test parameters for Adjacent channel selectivity for re-farming bands, Case 2
	Rx Parameter
	Units
	Channel bandwidth

	
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40MHz
	50MHz
	60MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-56.5
	--50.5
	-45
	-41
	-38.5
	-33
	-32
	-31

	Pinterferer
	
	-25

	BWInterferer 
	MHz
	5
	5
	5
	5
	5
	5
	5
	5

	Finterferer (offset)
SCS=15kHz
	MHz
	5+0.0025
/
-5-0.0025
	7.5+0.0075
/
-7.5-0.0075
	10+0.0125
/
-10-0.0125
	12.5+0.0025
/
-12.5-0.0025
	15+0.0075
/
-15-0.0075
	22.5+0.0075
/
-22.5-0.0075
	NA
	NA

	Finterferer (offset)
SCS=30kHz
	MHz
	NA
	7.5+0.015
/
-7.5-0.015
	10+0.005
/
-10-0.005
	12.5+0.025
/
-12.5-0.025
	15+0.015
/
-15-0.015
	22.5+0.015
/
-22.5-0.015
	27.5+0.025
/
-27.5-0.025
	32.5+0.005
/
-32.5-0.005

	Finterferer (offset)
SCS=60kHz
	MHz
	NA
	7.5+0.030
/
-7.5-0.030
	10+0.05
/
-10-0.05
	12.5+0.010
/
-12.5-0.010
	15+0.030
/
-15-0.030
	22.5+0.030
/
-22.5-0.030
	27.5+0.010
/
-27.5-0.010
	32.5+0.05
/
-32.5-0.05

	NOTE 1: In a band capable of unplink operation, the transmitter shall be set to 24dB below PCMAX_L at the minimum uplink configuration specified in TBD with PCMAX_L as defined in subclause 6.2.5.

NOTE 2: The interferer consists of the Reference measurement channel specified in TBD



2.3 ACS for NR bands

For the NR bands the agreement for the interferer BW has changed – compared to re-farming bands where the interferer BW is 5 MHz- such that the adjacent channel BW is the same as the wanted signal BW. Additionality a high spectral utilization is considered for NR. Both modifications impact on the definition of the ACS for NR bands.

	

	





Table 6 show the values for ACS NR bands, respectively. In this tables the ACS values consider the above simulation analysis, the filter suppression and 8.5 dB (10dB – 1.5 dB) are subtracted and then rounding/smoothing is applied.

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Table 8: Adjacent Channel Selectivity for NR bands – after simulation

	Rx Parameter
	Units
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	50
MHz
	100
MHz

	ACS
	dB
	33
	32.5
	29
	27.5
	23.5
	21.5


Table 9: Test parameters for Adjacent channel selectivity for NR bands, Case 1
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	50 MHz
	100 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14

	Pinterferer
	dBm
	REFSENS +45.5dB
	REFSENS +45dB
	REFSENS +41.5dB
	REFSENS +40dB
	REFSENS +36dB
	REFSENS +34dB

	BWInterferer
	MHz
	5
	10
	15
	20
	50
	100

	Finterferer (offset)

For SCS of 15kHz
	MHz
	5+0.0025

/

-5-0.0025
	10+0.0075

/

-10-0.0075
	15+0.0125

/

-15-0.0125
	20+0.0025

/

-20-0.0025
	50+0.0025

/

-50-0.0025
	100+0.0075

/

-100-0.0075

	Finterferer (offset)

For SCS of 30kHz
	MHz
	5+0.025

/

-5-0.025
	10+0.015

/

-10-0.015
	15+0.005

/

-15-0.005
	20+0.025

/

-20-0.025
	50+0.025

/

-50-0.025
	100+0.015

/

-100-0.015

	Finterferer (offset)

For SCS of 60kHz
	MHz
	5+0.010

/

-5-0.010
	10+0.030

/

-10-0.030
	15+0.050

/

-15-0.050
	20+0.010

/

-20-0.010
	50+0.010

/

-50-0.010
	100+0.030

/

-100-0.030


Table 10: Test parameters for Adjacent channel selectivity for NR bands, Case 2
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	50 MHz
	100 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-56.5
	--56
	-52.5
	-51
	-47
	-45

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	5
	10
	15
	20
	50
	100

	FInterferer (offset)

For SCS of 15kHz
	MHz
	5+0.0025

/

-5-0.0025
	10+0.0075

/

-10-0.0075
	15+0.0125

/

-15-0.0125
	20+0.0025

/

-20-0.0025
	50+0.0025

/

-50-0.0025
	100+0.0075

/

-100-0.0075

	FInterferer (offset)

For SCS of 30kHz
	MHz
	5+0.025

/

-5-0.025
	10+0.015

/

-10-0.015
	15+0.005

/

-15-0.005
	20+0.025

/

-20-0.025
	50+0.025

/

-50-0.025
	100+0.015

/

-100-0.015

	FInterferer (offset)

For SCS of 60kHz
	MHz
	5+0.010

/

-5-0.010
	10+0.030

/

-10-0.030
	15+0.050

/

-15-0.050
	20+0.010

/

-20-0.010
	50+0.010

/

-50-0.010
	100+0.030

/

-100-0.030



3. Conclusions
In this contribution we provided our view for ACS for sub 6 GHz, for both re-farming and NR bands. We have shown the difference on the receiver requirements due to the changes in the spectrum utilization for NR. In summary, we make the following proposal:
Observation 1:
 To derive the filter order for new NR bandwidth the ACS table from 36.101 was extrapolated by 10*log10() scale starting with 25 MHz. 
Observation 2:
 The results show that a relaxation on the ACS requirement is needed in order to avoid interference into the wanted channel frequency range during the digital resampling stages.
Observation 3:
 The results show that a relaxation on the ACS requirement is needed in order to avoid higher interference level raise dynamic range requirements from DSP channel filter up to the FFT block. 
Observation 4:
 Since the spectrum utilization has increased for NR compared to LTE, it is not reasonable to maintain the same interferer level for NR compared to LTE. 
The contributions has provided via simulations that the spectrum utilization for NR has high impact on the ACS requirement definition for NR. 
Proposal 1:
We propose to modify the ACS requirement for re-farming and NR bands taking into account the spectrum utilization of NR. Thus we propose two possible methods either:

a) Modify the ACS level for re-farming band and NR bands OR

b) Modify the frequency offset for re-farming bands and NR bands
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