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1 Introduction

NR will target higher than 90% spectrum utilization. During the study for carrier spectrum utilization, some companies showed concern on BS receiver narrowband blocking performance and think it may be too challenging for BS receiver filtering design to enable very high spectrum utilization level (e.g. 99% for some carrier bandwidth).
In this contribution, we analyze the receiver filtering requirements and provide the filtering performance analysis for higher spectrum utilization.
2 Discussion

2.1 BS receiver filtering requirements
As discussed in previous RAN4 study, among the three selectivity requirements on BS receiver: ACS, narrowband (NB) blocking, and NB receiver intermodulation, the narrowband blocking would determine the selectivity since its interfering signal PSD on one PRB is much higher than the others, and impose a more strict requirement on receiver filtering, as illustrated in Figure 1.
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                                             Figure 1: NR narrowband blocking 

Assuming RAN4 targets the reuse of existing E-UTRA specification as much as possible, the noise floor is calculated with 25 PRB bandwidth for 5MHz or larger carrier bandwidth[1]. Therefore, the needed filtering attenuation for Macro BS can be calculated as follows,

Needed attenuation 

= Interference signal power– Noise floor – 4.7dB (corresponding to 6dB noise floor degradation)

 = -49- (-174+60+10*log5+ 5) -4.7

= 48.3 dB

For higher spectrum utilization, the two frequency offsets (i.e. offset 1 and offset 2 in Figure 1) become smaller, which means more strict receiving filtering requirement to achieve the needed attenuation. 

In [2], we proposes the spectrum utilization set for each numerology and carrier bandwidth combination.  With 15 kHz subcarrier spacing and 20MHz carrier bandwidth, the proposed min. and max. available PRB number are 100 and 110 , and the min. and max. PRB number are 25 and 26 for 15 kHz subcarrier spacing and 5MHz carrier bandwidth. Table I lists all the attenuation components for different available data transmission bandwidth (i.e., spectrum utilization) and the requirements for filtering NB selectivity can be derived accordingly.

Table 1: The needed attenuation requirements for different cases

	# PRB

Wanted carrier
	offset 1

(KHz)
	# PRB

Interfere carrier
	Foffset 2

(KHz)
	Needed attenuation
	Margin needed 
	FFT attenuation at different offsets
	Required filter selectivity

	100 (90%)
	1000
	25
(90%)
	250
	~48 dB
	10 dB
	~ 32.3dB
	~25.7dB

	
	
	26
(93.6%)
	160
	~48 dB
	10 dB
	~ 32 dB
	~26dB

	105
(95%)
	550
	25
(90%)
	250
	~48 dB
	10 dB
	~30.5 dB
	~27.5dB

	
	
	26
(93.6%)
	160
	~48 dB
	10 dB
	~30 dB
	~28dB

	110
(99%)
	100
	25
(90%)
	250
	~48 dB
	10 dB
	~27 dB
	~31dB

	
	
	26
(93.6%)
	160
	~48 dB
	10 dB
	~25.7 dB
	~32.3dB


The FFT attenuation refers to the intrinsic out-of-band leakage of OFDM symbol, which decays with the frequency offset from the data bandwidth edge, as shown in Figure 2.

[image: image2.emf]-1.5 -1 -0.5 0 0.5 1 1.5

Freq.(MHz)

-50

-40

-30

-20

-10

0

P

S

D

 

(

d

B

)

carrier BW 20MHz,SC 15KHz

OFDM baseband PSD

X: 0.26

Y: -25.69

X: 0.35

Y: -26.97

X: 0.71

Y: -29.97

X: 0.8

Y: -30.47

X: 1.16

Y: -31.99

X: 1.25

Y: -32.29








Figure 2:  FFT attenuation illustration

As expected, the receiving filtering requirement for narrowband blocking selectivity has to be improved to support higher spectrum utilization. 

Observation 1:  The receiving filtering requirement for narrowband blocking selectivity is improved and longer filter taps are preferred to support higher spectrum utilization.
2.2 Receiver filtering performance
In this section, we analyze the filtering performance to see whether the requirements in Table 1 can be achieved and also the requirement for receiver filter design. In [2] and [3], we discuss the implementation schemes to solve the issue of time domain overhead and also the complexity due to the very long filter taps (e.g. half OFDM symbol length filter). Figure 3 shows the receiver filtering performance with different filtering taps. The achievable filtering performance for different spectrum utilization is listed in Table II in comparison with the required filter NB blocking selectivity.
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(a) 81 taps filter
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(b) 
127 taps filter
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(c) 513 taps filter

Figure 3: Receiver filtering performance with different filter taps
Table II: The achievable filtering performance
	# PRB

Wanted carrier
	offset 1

(KHz)
	# PRB

Interfere carrier
	Foffset 2

(KHz)
	Required filter selectivity
	Filtering performance with 81 taps
	Filtering performance with 127 taps
	Filtering performance with 512 taps

	100 (90%)
	1000
	25
(90%)
	250
	~25.7dB
	~ 45.4dB
	~ 55.3dB
	~85.7dB

	
	
	26
(93.6%)
	160
	~26dB
	~37.7dB
	~51.2dB
	~84dB

	105
(95%)
	550
	25
(90%)
	250
	~27.5dB
	~22.5dB
	~ 47.5dB
	~77.5dB

	
	
	26
(93.6%)
	160
	~28dB
	~16dB
	~ 37dB
	~76dB

	110
(99%)
	100
	25
(90%)
	250
	~31dB
	~ 4dB
	~9dB
	~63dB

	
	
	26
(93.6%)
	160
	~32.3dB
	~ 2.3dB
	~5.3dB
	~58.3dB


It can be observed that longer filter taps is preferred in order for good filtering performance. To be specific, 81 filter taps is enough for 90% spectrum utilization, while with less than 512 taps filter , the receiving NB selectivity requirements can be fulfilled for the maximum spectrum utilization (i.e. 110PRB for 20MHz, and 26PRB for 5MHz with 15kHz subcarrier spacing ). In order words, with long filter the high spectrum utilization can be achieved from receiver NB blocking selectivity perspective. Similar as Tx spectrally confined filtering implementation, the Rx filtering can be implemented with some low complexity scheme. 
From implementation perspective, the application of long filtering at both Tx and Rx is possible by some implementation optimization as we have discussed previously, at least for some BS with stronger processing capability, which means the standard should allow for the high spectrum utilization although it is not necessarily mandatory for all BS. 

Observation 2: The receiver filtering requirement for up to 99% spectrum utilization can be fulfilled with the similar filter length (e.g. 1/4 OFDM symbol length) as transmitter spectrally confined filtering, and both of them can be implementable at least for some BS by low complexity filter design. 
3 Conclusions
In this contribution, we analyze the impact on receiver NB blocking selectivity, which dominates the receiver requirements. As expected, the requirements on receiver filtering are proved and longer filtering taps are preferred in order to support higher spectrum utilization. However, this receiver filtering requirements can be fulfilled with the similar length as Tx spectrally confined filtering, and both can be affordable with some implementation optimization. 
Observation 1:  The receiving filtering requirement for narrowband blocking selectivity is improved and longer filter taps are preferred to support higher spectrum utilization.
Observation 2: The receiver filtering requirement for up to 99% spectrum utilization can be fulfilled with the similar filter length(e.g. 1/4 OFDM symbol length) as transmitter spectrally confined filtering, and both of  them can be  implementable at least for some BS by low complexity filter design.
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