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Introduction 
During the last 2 meetings, the topic of spectral utilization has been discussed in RAN4. The main focus of the discussion has been concentrated on the transmitter part (for example, PRB utilization, EVM and spectrum efficiency gains). The need to consider receiver aspects was discussed and agreed, but has not received so much attention as yet.
In this paper, the receiver filtering and the requirement dominating the receiver chain implementation is further discussed. In particular, evaluation of receiver performance thus far has focused on ACS, whereas in fact for the basestation it is narrowband blocking that will drive the receiver filtering dimensioning. Based on the attenuation requirement, a few examples of NR filters for bandwidth of 20 MHz including the EVM performance for different level of spectrum utilization is given.
Discussion
The receiver filter has an impact on the ability of the basestation to meet several receiver requirements. Considering the receiver requirements for which filter selectivity close to the channel edge is decisive in terms of performance, the ACS, narrow band blocking as well as narrowband receiver intermodulation should be examined. Considering the RAN4 agreement on re-use of existing specifications as much as possible and the fact that there is ongoing discussions on bands to include existing E-UTRA bands for NR even in the first phase in release 15, the E-UTRA specification has been considered for analysis in this paper.
In E-UTRA specifications, the BS receiver requirements for WA are expreses as following:
ACS
Table 7.5.1-3: Adjacent channel selectivity for E-UTRA Wide Area BS
	E-UTRA
channel bandwidth of the lowesthighest carrier received [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	 Interfering signal centre frequency offset from  the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap [MHz]
	Type of interfering signal

	1.4
	PREFSENS + 11dB*
	-52
	±0.7025
	1.4MHz E-UTRA signal

	3
	PREFSENS + 8dB*
	-52
	±1.5075
	3MHz E-UTRA signal

	5
	PREFSENS + 6dB*
	-52
	±2.5025
	5MHz E-UTRA signal

	10
	PREFSENS + 6dB*
	-52
	±2.5075
	5MHz E-UTRA signal

	15
	PREFSENS + 6dB*
	-52
	±2.5125
	5MHz E-UTRA signal

	20
	PREFSENS + 6dB*
	-52
	±2.5025
	5MHz E-UTRA signal

	Note*: 	PREFSENS depends on the channel bandwidth as specified in Table 7.2.1-1.






NB blocking
Table 7.5.1-1: Narrowband blocking requirement for E-UTRA BS
	
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	Type of interfering signal

	Wide Area BS
	PREFSENS + 6dB*
	-49
	See Table 7.5.1-2

	Medium Range BS
	PREFSENS + 6dB****
	-44
	See Table 7.5.1-2

	Local Area BS
	PREFSENS + 6dB**
	-41
	See Table 7.5.1-2

	Home BS
	PREFSENS + 14dB***
	-33
	See Table 7.5.1-2

	Note*: 	PREFSENS depends on the channel bandwidth as specified in Table 7.2.1-1.
Note**: 	PREFSENS depends on the channel bandwidth as specified in Table 7.2.1-2
Note***:	PREFSENS depends on the channel bandwidth as specified in Table 7.2.1-3.
Note****:	PREFSENS depends on the channel bandwidth as specified in Table 7.2.1-4.




Table 7.5.1-2: Interfering signal for Narrowband blocking requirement for E-UTRA BS
	E-UTRA channel
BW of the lowest/highest carrier received [MHz]
	Interfering RB centre frequency offset to  the lower/upper Base Station RF Bandwdith edge or sub-block edge inside a sub-block gap [kHz]
	Type of interfering signal

	1.4
	±(252.5+m*180),
m=0, 1, 2, 3, 4, 5
	1.4 MHz E-UTRA signal, 1 RB*

	3
	±(247.5+m*180),
m=0, 1, 2, 3, 4, 7, 10, 13
	3 MHz E-UTRA signal, 1 RB*

	5
	±(342.5+m*180),
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*

	10
	±(347.5+m*180),
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*

	15
	±(352.5+m*180),
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*

	20
	±(342.5+m*180),
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*

	Note*: 	Interfering signal consisting of one resource block is positioned at the stated offset, the channel bandwidth of the interfering signal is located adjacently to the  lower/upper Base Station RF Bandwidth edge.












Narrowband receiver intermodulation
Table 7.8.1-3: Narrowband intermodulation performance requirement for Wide Area BS for E-UTRA
	E-UTRA
channel bandwidth of the lowest/highest carrier received [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	 Interfering RB centre frequency offset from  the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap [kHz]
	Type of interfering signal

	1.4
	PREFSENS + 6dB*
	-52
	±270
	CW

	
	
	-52
	±790
	1.4 MHz E-UTRA signal, 1 RB**

	3
	PREFSENS + 6dB*
	-52
	±270
	CW

	
	
	-52
	±780
	3.0 MHz E-UTRA signal, 1 RB**

	5
	PREFSENS + 6dB*
	-52
	±360
	CW

	
	
	-52
	±1060
	5 MHz E-UTRA signal, 1 RB**

	10
	PREFSENS + 6dB*
(***)
	-52
	±325
	CW

	
	
	-52
	±1240
	5 MHz E-UTRA signal, 1 RB**

	15
	PREFSENS + 6dB*
(***)
	-52
	±380
	CW

	
	
	-52
	±1600
	5MHz E-UTRA signal, 1 RB**

	20
	PREFSENS + 6dB*
(***)
	-52
	±345
	CW

	
	
	-52
	±1780
	5MHz E-UTRA signal, 1 RB**

	Note*: 	PREFSENS is related to the channel bandwidth as specified in Table 7.2.1-1. 
Note**: 	Interfering signal consisting of one resource block positioned at the stated offset, the channel bandwidth of the interfering signal is located adjacently to the lower/upper Base Station RF Bandwidth edge.
Note***:    This requirement shall apply only for a FRC A1-3 mapped to the frequency range at the channel edge adjacent to the interfering  signals



For a 20 MHz NR carrier, it is obvious that both interms of frequency offset as well as interferer level, the narrowband blocking would determine the needed selectivity. The reason for this is that the narrowband blocking requirement places -49dBm of power in a single PRB that is spaced 342kHz from the RF bandwidth edge, whereas ACS places -52dBm over a 5MHz carrier. Thus the PSD close to the carrier is much higher for the narrowband blocking requirement, and considerably more filtering is needed to avoid receiver desensitization. The analysis in MSR specification work resulted in not including ACS in 37.104, since Narrowband blocking is a significantly more stringent requirement dimensioning the receiver chain.
For narrowband blocking, we assume a realistic scenario with two adjacent NR carriers with SC spacing of 15 kHz where a wanted NR carrier of 20 MHz would experience an NB blocker of 1 PRB from an uncoordinated 5 MHz NR carrier with same spectrum utilization (90%, 95% and ~99%) as in figure 1.
[image: ]
Figure 1	NB blocking scenario
The needed attenuation can be calculated as following : 
Needed attenuation = Interferer level – (Noise floor + 4.7 dB (correspond to 6 dB degradation)) 
Note as E-UTRA uses granularity of 25 PRB for E-UTRA bandwidths of 5 MHz or larger, the same principle was used when calculating the NR noise floor for different utilizations.
Table 1 summarizes the needed total attenuation for different utilizations including the offsets, FFT suppression at different offsets and also other margings needed for not pushing the complexity of analog parts and other receiver impairments into extreme. 

Table 1	Summary of needed selectivity for the channel filter
	Utilization
	# PRB
Wanted carrier
	Foffset 1
(KHz)
	# PRB
Interfere carrier
	Foffset 2
(KHz)
	Needed attenuation
	FFT attenuation at different offsets
	Margin needed 
	Required filter selectinity

	90%
	100
	1000
	25
	250
	~49 dB
	~28 dB
	10 dB
	~31 dB

	95%
	105
	550
	26
	160
	~49 dB
	~25 dB
	10 dB
	~34 dB

	99%
	110
	100
	27
	70
	~49 dB
	~18 dB
	10 dB
	~41 dB



The required BS receiver filter selectivity indicates that the receiver narrowband blocking put more stringent filter selectivity requirements than any other case and would be the case that should be used for further discussions. Note that the transmitter filter attenuation is significantly less compared to receiver filter vattenuation due to narrowband blocking.
In Table 2, a summary of a 20 MHz filter (at sampling rate of 30.72 Msps) performance in terms of EVM  to satisfy the filter attenuation due narrowband blocking requirements.Note that even though the receiver EVM is not specified, it is decisive in terms of UL signal quality and achievable performance.
Table 2	Receiver filter EVM performance
	
	Utilization
	EVM averaged over all PRB:s
	EVM for edge PRB

	UL Filter  with 81 taps
	100 PRB
	0.2 %
	0.54 %

	UL Filter  with 127 taps
	105 PRB
	0.23 %
	0.82 %

	UL Filter  with 127 taps
	110 PRB
	6.18 %
	42.5 %

	UL Filter  with 401 taps
	110 PRB
	0.5 %
	2,74 %



As indicated in table 2, the EVM for edge PRB and also average EVM is quite excessive for 110 PRB allocation, a very long filter with 401 taps was simulated to reduce the EVM to lower level. Such long filter is neither acceptable from implementation complexity point of view in particular for AAS which also would have other performance penalties in terms of latency.
[bookmark: _GoBack]In addition there are other considerations for the receiver compared to the transmitter such as receiprocal mixing of phase noise which would need further analysis. Reciprocal mixing of phase noise when the interferer appears very close to the receiver. The reciporocal mixing of phase noise occur when a strong unwanted signal at a frequency close to the receiver frequency enters the receiver input, it will not be significantly attenuated by the filter before the mixer. This type of interference acts like a second local oscillator with implication that phase noise is getting superimposed on the blocking interferer affecting the achievable SINR or C/N in the receiver as shown in Figure 2.
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Figure 2	Reciprocal mixing of phase noise

As shown in this paper, to settle the spectrum utilization, the dominating requirement which would require the highest level of attenuation is the narrowband blocking where for reasonable filter length would result in significant degradation in both edge PRB and average EVM. In addition as the reciprocal mixing of phase noise would have direct guard dependency, this receiver specific phenomena should also be taken to account when the spectrum utilization level is concerned. We thus would propose the following:
Proposal 1:
When spectrum utilization level for NR is concerened, the analysis should take into account the receiver requirements and in particular narrowband blocking including the impact of the reciprocal mixing of phase noise.
Conclusion
In this paper, the receiver requirement wich would pose the strictest attenuation on the filters were thoroughly discussed. Ii was shown that the BS narrowband blocking would require highest level of filter attenuation.
Some filter examples for different spectrum utilizations were presented indicating that the edge PRB and average EVM is highly affected for reasonable filter lengths. The reciprocal mixing of phase noise as a metric to consider was also elaborated.


It is thus proposed:
Proposal 1:
When spectrum utilization level for NR is concerened, the analysis should take into account the receiver requirements and in particular narrowband blocking including the impact of the reciprocal mixing of phase noise.
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