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Introduction
As there are few meeting cycles left before the finalization of NR NSA in December, in this paper, some general considerations for defining NR receiver requirement are outlined. Based on the proposed approach on wanted and interferer signal, examples of specifying reference sensitivity and blocking are given. More elaborated text proposals for reference sensitivity and blocking can be found in [1] and [2].

Note that the basis for the proposed blocking level is based on RAN4 consensus to re-use the requirements from FR1 and thus the corresponding level of -43 dBm interferer level.
Discussion
Before drafting requirement text for NR receiver some fundamental aspects and principles need to be discussed and agreed upon.

G-FRC and number of permutations
As NR is more versatile than E-UTRA, supporting many more bandwidths and numerologies, the number of possible permutations of bandwidth and sub-carrier spacing for blocking and other receiver requirements is significantly larger compared to E-UTRA.
E-UTRA reference sensitivity for bandwidth of 5 MHz and larger uses a 5 MHz granularity on wanted signal. 5MHz would be useful for some NR bandwidths but considering bandwidths of up to 100 MHz for FR1, higher granularities as well as combinations of different granularities may be required in order to avoid large amounts of parallel channels when testing. For example, to handle agreed bandwidths for FR1, wanted signal FRC:s with BW granularities of 5 MHz, 10 MHz and 20 MHz could be designed to accommodate the supported bandwidths. In addition, as FR1 would support numerologies of 15 kHz, 30 kHz and 60, kHz, and hence the number of permutations would increase in multiplicative manner, to reduce the number of permutations RAN4 could consider the limiting the number of FRCs to (e.g.) the following:
G-FRC1.1 for 5 MHz using 15 kHz SCS

G-FRC1.2 for 10 MHz using 15 kHz SCS

G-FRC1.3 for 20 MHz using 15 kHz SCS

G-FRC1.4 for 20 MHz using 30 kHz SCS

Where G-FRC1.4 can be used for some bands e.g. bands around 3.5 GHz or 4.5 GHz.
The above list of G-FRCs is a set of examples for discussion. A limited set of FRCs should be devised and then other bandwidths tested using a combination of these FRCs.

This approach would limit the number of permutations but also would give enough coverage for all supported bandwidths and sub-carrier spacing. Developing G-FRC for all combinations would result in excessive amount of time to develop, considering that simulations etc. could be needed. Also, the benefit could be questioned as with the above proposal the performance and characteristics of the NR receivers can be captured using one SCS and combinations of these FRCs.
Proposal 1:

It is proposed to use the approach of defining limited set of FRCs and then using combinations of these for wanted signal / reference sensitivity to keep the number of permutations to a reasonable level.
The reference sensitivity for some example NR bandwidths can thus be specified as following:

NR Wide Area BS reference sensitivity levels

	NR
channel bandwidth [MHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS

 [dBm]

	5
	G-FRC A1.1 in Annex A.1
	TBD

	10
	G-FRC A1.2 in Annex A.1
	TBD

	15
	combination of G-FRC A1.1 and G-FRC 1.2 in Annex A.1
	TBD

	20
	G-FRC A1.3 in Annex A.1
	TBD

	25
	combination of G-FRC A1.2 in and G-FRC 1.3 in Annex A.1
	TBD 

	40 
	G-FRC 1.3 Annex A.1 
	TBD

	50
	combination of G-FRC A1.2 in and G-FRC 1.3 Annex A.1
	TBD

	60
	G-FRC A1.4 in Annex A.1
	TBD

	80 
	G-FRC A1.4 in Annex A.1
	TBD

	100
	G-FRC A1.4 in Annex A.1
	TBD


Considering the agreed spectrum utilization levels, each NR bandwidth would have certain PRB allocation which does not linearly scale with bandwidth and SCS. For example, the utilization level in cases of 15 kHz sub-carrier spacing for NR 5 MHz BW is 25 PRB and NR 10 MHz BW is 52 PRB:s. 15 MHz would have utilization of 79 PRB. Thus, using a combination of 5 MHz G-FRC and 10 MHz G-FRC for the RX sensitivity requirement would result in a few non-allocated PRB.s. We foresee that such a test would, however be sufficient as the vast majority of PRB:s are allocated and tested.
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Another approach which would further reduce the permutation is to further reduce the G-FRC and apply B, M, T approach on different bandwidths, e.g. by only introducing G-FRC A.1.1 and applying this in the Bottom, middle and top of concerned NR bandwidth. In this case, a larger number of PRB:s will not be tested and thus further consideration would be needed before adopting this approach.
Interferer types

Similar to G-FRC discussion, the number interferer types and bandwidth should be kept to a reasonable level. Considering the Narrow-band blocking requirements a single PRB OFDM modulated interferer is be needed. For general blocking, however, a 5 MHz interferer type, but in addition, for some FR1 bands which would allow the upper boundary of supported bandwidths, a 20 MHz OFDM modulated interferer type would be beneficial. In addition, for ACS to be able to compose the interferer with same bandwidth as wanted signal, 5, 10, and 20 MHz interferers would be needed. For receiver intermodulation, regardless of supported bandwidth a 5MHz interferer would be sufficient. Following table summarizes the needed interferer types for ACS, blocking and receiver intermodulation.
Modulation of the interfering signal

	Receiver requirement
	Modulation
DFT-OFDM
	Bandwidth
	Sub-carrier spacing

	Adjacent channel selectivity 
	QPSK
	5 MHz, 10 MHz and 20 MHz
	15 kHz

	Barrow-band blocking
	QPSK
	1PRB
	15 kHz

	Blocking
	QPSK
	5 MHz and 20 MHz
	15 kHz

	Receiver intermodulation
	QPSK
	5 MHz
	15 kHz


Proposal 2:

It is proposed to use the limited number of interferer types and combination approach for interferer signal to keep the number of permutations to a reasonable level.
Considering the discussion above, NR blocking requirements for some example FR1 and conducted cases can be specified as following:
Blocking performance requirement for Wide Area BS for NR
	NR Operating Band
	Centre Frequency of Interfering Signal [MHz]
	Interfering Signal mean power [dBm]
	Wanted Signal mean power [dBm]
	Interfering signal centre frequency minimum 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

	n1
	(FUL_low  -20)
	to
	(FUL_high +10)
	-43
	PREFSENS +6dB*
	±7.5
	5 MHz NR signal

	
	1 

(FUL_high +10)
	to

to
	(FUL_low  -20) 

12750
	-15
	PREFSENS +6dB* 
	(
	CW carrier 

	n3
	(FUL_low  -20)
	to
	(FUL_high +10)
	-43
	PREFSENS +6dB*
	±7.5
	5 MHz NR signal

	
	1 

(FUL_high +10)
	to

to
	(FUL_low  -20) 

12750
	-15
	PREFSENS +6dB*
	(
	CW carrier 

	n8
	(FUL_low  -20)
	to
	(FUL_high +10)
	-43
	PREFSENS +6dB*
	±7.5
	5 MHz NR signal

	
	1 

(FUL_high +10)
	to

to
	(FUL_low  -20) 

12750
	-15
	PREFSENS +6dB*
	(
	CW carrier 

	n77
	(FUL_low  -40)
	to
	(FUL_high +40)
	-43
	PREFSENS +6dB*
	±30 for NR BW of 20 MHz else ± (10+NR BW)
	20 MHz NR signal

	
	1 

(FUL_high +40)
	to

to
	(FUL_low  -40) 

12750
	-15
	PREFSENS +6dB* 
	(
	CW carrier 

	n78
	(FUL_low  -40)
	to
	(FUL_high +40)
	-43
	PREFSENS +6dB*
	±30 for NR BW of 20 MHz else ± (10+NR BW)
	20 MHz NR signal

	
	1 

(FUL_high +40)
	to

to
	(FUL_low  -40) 

12750
	-15
	PREFSENS +6dB* 
	(
	CW carrier 

	Note*: 
PREFSENS depends on the channel bandwidth as specified in Table xxxx.




Conclusion
As NR is more versatile than E-UTRA in supporting many more bandwidths and numerologies, the number of possible permutations is significantly larger, and thus consideration to reduce the number of permutations are further discussed in this paper.
A “combination approach” on G-FRC:s as well as limited number of interferer types is discussed and proposed which not only limit the permutations to a reasonable level but also give good coverage both considering supported bandwidths and sub-carrier spacings.

The proposals are summarized as following:

Proposal 1:

It is proposed to use the approach of defining limited set of FRCs and then using combinations of these for wanted signal / reference sensitivity to keep the number of permutations to a reasonable level.
Proposal 2:

It is proposed to use the limited number of interferer types and combination approach for interferer signal to keep the number of permutations to a reasonable level.
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