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1 Background

ACS, in-band blocking (IBB) and narrow-band blocking (NBB) requirement for re-farmed LTE bands were agreed in [1]. This includes existing LTE bands below 2.7 GHz and would include B42 and B43 should these be specified for NR. Now, forNR operation the 3.5 GHz range is covered by the bands n77 and n78 that overlap the latter LTE bands. In this contribution we propose a test configuration for ACS, IBB and NBB for NR bands above 3 GHz that accounts for coexistence with LTE in the 3.5 GHz range and is not compromising IBB performance. We also propose that the proposals in [1] are extened to cover all NR bands below 2.7 GHz, not only re-farmed LTE bands. The out-of-band blocking requirements are treated in a companion contribution [2].
The ACS requirements should apply for all sub-carrier spacings (SCS) even though conformance verification is only made for one SCS. The spectrum utilization (SU) and applicable SCS are shown in Table 1 [3] relevant for the discussion of the RMCs used for verification of the selectivity requirements (the same as those used for REFSENS).
Table 1: spectrum utilization and SCS for NR

	SCS [kHz] 
	5 MHz 
	10 MHz 
	15 MHz 
	20 MHz 
	25 MHz 
	40 MHz 
	50 MHz 
	60 MHz 
	80 MHz 
	100 MHz 

	
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 

	15 
	25 
	52 
	79 
	106 
	133 
	216 
	270 
	N.A 
	N.A 
	N.A 

	30 
	11 
	24 
	38 
	51 
	65 
	106 
	133 
	162 
	217 
	273 

	60 
	N.A 
	11 
	18 
	24 
	31 
	51 
	65 
	79 
	107 
	135 


According to the way forward [4], the support of 15 kHz and 30 kHz SCS is mandatory for sub-6 GHz oeprations, the 60 GHz is optional for 1-6 GHz. Comparing with LTE, RMCs with an SU exceeding 90% would imply a tighter requirement for NR given an ACS requirement. However, the margins are large for LTE and the ACS requirement should be discussed in conjunction with the IBB and NBB requirements.
2 ACS and in-band blocking below 6 GHz
Initially it was agreed that the adjacent channe interferer (ACI) bandwidth and the in-band blocker bandwidths should be the same as the channel bandwidth under test [5]. This was reverted for re-farmed LTE bands below in [1] for which the test configuration for LTE with its maximum interferer bandwidth of 5 MHz. This ensures that NR performance is on par with LTE for coexistence, and equally important, that the in-band blocking performance is the same for NR operation in these bands. 
The interferer bandwidths and configurations according to the intial agreement [5] and that for the re-farmed bands [1] are compared in the top part of Figure 1. We observe that limiting the interferer bandwidth to 5 MHz implies that the fixed in-band blocking power levels (often dimensioning) apply closer to the wanted channel for re-farmed bands. This test configuration should apply for any NR band below 2.7 GHz.
Proposal 1: the test configuration for ACS, IBB and NBB verification (maximum interferer bandwidth of 5 MHz for ACS and IBB) and requirement agreed for re-farmed LTE bands below 2.7 GHz shall apply for all NR bands below 2.7 GHz.
[image: image1.png]NR bands above
3 GHz

(40 MHz wanted
channel BW)

channel/block 1

] S S ]

R4-1706525 |- ______ Ao
REFSENS + 14 dB (ACS) REFSENS + [45.5 dB] (ACS) 1BB1 1BB2
REFSENS + 9 dB (IBB) -56 dBm -44 dBm

r
Wanted channel  Adjacent 20 MHz |
_____________ !

'

'

'

'

'

(20 MHz wanted

channel BW) REFSENS + [39.5] dB (ACS)
REFSENS + 45.5 dB less about -45 dBm or lower for LTE,

'
'

Re-farmed NR | the absolute level for NR depends on NR REFSENS

'

'

bands below 2.7 | |

GHz REFSENS + 14 dB (ACS) LELE
REFSENS + 9 dB (IBB) 2583
$ T

Wanted channel

20 MHz offset to IBB




Figure 1: ACI and in-band interferers of the ACS and IBB test cases.
The ACS requirements for re-farmed bands [1] that should be extended to all bands below 2.7 GHz are shown in Table 2. For the Rel-8 specifications, the ACS requirements for the 15 and 20 MHz channel bandwidths were reduced to account for reduced analogue selectivity and to maintain the PSD difference between the wanted and ACI signals (athough the difference in total power is reduced). These relaxations were not entirely consistent for the LTE bandwidths. Nevertheless, the same scaling is applied for the wider NR bandwidths based on the 20 MHz bandwidth.
Table 2: Adjacent channel selectivity (NR bands below 2.7 GHz)
	
	
	Channel bandwidth

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

	ACS
	dB
	33
	33
	30
	27
	[26]
	[24]
	[22.5]


For NR bands above 3 GHz we propose to limit the interferer bandwidths to 20 MHz to account for coexistence with LTE in this range and ensure in-band blocking performance. Bands n77 and n78 overlap with the new LTE band in 3300-3400 MHz, Band 42 and Band 43. NR carriers in the range 3.3-3.8 GHz may thus be adjacent to LTE carriers for which the channel bandwidth is up to 20 MHz. Limiting the interferer bandwidth to 20 MHz can be viewed as a compromise between the proposal in [5] (equal wanted and interferer bandwidth) and that for re-farmed bands [1] (maximum 5 MHz interferer bandwidth) applied to Band 42 and Band 43. For NR bandwidths larger than 20 MHz, the interferer bandwidth is 20 MHz (a likely LTE bandwidth) and the in-band blocking requirements would apply closer to the wanted signal, the maximum separation is 20 MHz as shown in the bottom part of Figure 1. The in-band blocker power levels would apply instead of an ACI (red highlight in Figure 1) in the adjacent 40 MHz block.
For NR bands above 3 GHz the ACS requirements with an interferer bandwidth up to 20 MHz can be devised by scaling the requirements in Table 2: for the 60 MHz bandwidth the requirement with a 20 MHz interferer is the same as that of 15 MHz bandwidth with a 5 MHz interferer;  for the 100 MHz bandwidth the requirement with a 20 MHz interferer is the same as that of 20 MHz bandwidth with a 5 MHz interferer. The resulting requirements are shown in Table 3 and Table 4 (Case 1).
Table 3: Adjacent channel selectivity (NR bands above 3 GHz)
	
	
	Channel bandwidth

	Rx Parameter
	Units
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	40
MHz
	60
MHz
	80
MHz
	100
MHz

	ACS
	dB
	33
	33
	33
	33
	33
	33
	[30]
	[27]
	[26]


Table 4: Test parameters for Adjacent channel selectivity, Case 1 (NR bands above 3 GHz)
	Rx Parameter
	Units
	Channel bandwidth

	
	
	5
	10
	15
	20
	25
	40
	60 
	80
	100

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	PInterferer
	dBm
	REFSENS +[45.5] dB
	REFSENS +[45.5] dB
	REFSENS +[45.5] dB
	REFSENS +[45.5] dB
	REFSENS +[45.5] dB
	REFSENS +[45.5] dB
	REFSENS +[42.5] dB
	REFSENS +[39.5] dB
	REFSENS +[38.5] dB

	BWInterferer 
	MHz
	5
	10
	15
	20
	20
	20
	20
	20
	20

	FInterferer (offset)
	MHz
	5+TBD

/

-5-TBD
	7.5+TBD

/

-7.5-TBD
	10+TBD

/

-10-TBD
	12.5+TBD

/

-12.5-TBD
	15+TBD

/

-15-TBD
	22.5+TBD

/

-22.5-TBD
	32.5+TBD

/

-32.5-TBD
	42.5+TBD

/

-42.5-TBD
	52.5+TBD

/

-52.5-TBD

	NOTE 1:
The interferer should be off the FFT grid for the SCS verified (the TBD above) 
  


These core requirements should apply for all SCS with the ACI interferer off the FFT grid of the wanted channel.
The power level of the wanted signal with 20 MHz in-band blocker bandwidths can be obtained by scaling the corresponding levels for bands below 2.7 GHz shown in Table 5. For the 60 MHz bandwidth the power offset with a 20 MHz interferer is the same as that of 15 MHz bandwidth with a 5 MHz interferer similarly to the scaling above for ACS. The resulting requirements are shown in Table 6.  
Table 5: In band blocking parameters (NR bands below 2.7 GHz)
	Rx parameter
	Units
	Channel bandwidth

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

	
	
	REFSENS + channel bandwidth specific value below

	Power in Transmission Bandwidth Configuration
	dBm
	6
	6
	7
	9
	10
	12
	14

	BWInterferer 
	MHz
	5
	5
	5
	5
	5
	5
	5

	FIoffset, case 1
	MHz
	According to IBB1 and off FFT-grid

	FIoffset, case 2
	MHz
	According to IBB2 and off FFT-grid


Table 6: In band blocking parameters (NR bands above 3 GHz)
	Rx parameter
	Units
	Channel bandwidth

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

	
	
	REFSENS + channel bandwidth specific value below

	Power in Transmission Bandwidth Configuration
	dBm
	6
	6
	6
	6
	6
	6
	7
	9
	10

	BWInterferer 
	MHz
	5
	10
	15
	20
	20
	20
	20
	20
	20

	FIoffset, case 1
	MHz
	According to IBB1 and off FFT-grid

	FIoffset, case 2
	MHz
	According to IBB2 and off FFT-grid


Proposal 2: for NR bands above 3 GHz, the ACS and IBB requirements shall apply with an interferer bandwidth equal to the wanted channel bandwidth up to 20 MHz; for larger wanted signal bandwidths the interferer bandwidth shall be limited to 20 MHz.
For NR bands above 3 GHz, the in-band above blocking requirements apply down to 60 MHz below the receive band and up to 60 MHz above the said band (hence for channel bandwidths BW < 20 MHz the interferer frequency offset for case 2 can be larger than 3BW for the outermost channel). The out-of-band blocking requirements proposed in [2] then apply 60 below and 60 above the receive bandwidth.
3 Narrow-band blocking requirements above 3 GHz
The NBB requirements verifies the digital selectivity (no analogue selectivity for close-in interferers). The requirements specified for LTE in Rel-8 are shown in Table 7. The varying wanted signal power offset is due to an increasing FFT selectivity and a decreasing digital selectivity with an increasing channel bandwidth.
Table 7: Narrow-band blocking for LTE
	Parameter
	Unit
	Channel Bandwidth

	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Pw
	dBm
	PREFSENS + channel-bandwidth specific value below

	
	
	22
	18
	16
	13
	14
	16

	Puw (CW)
	dBm
	-55
	-55
	-55
	-55
	-55
	-55

	Fuw (offset for

f = 15 kHz)
	MHz
	0.9075
	1.7025
	2.7075
	5.2125
	7.7025
	10.2075

	Fuw (offset for

f = 7.5 kHz)
	MHz
	
	
	
	
	
	


There are no GSM interferers above 3 GHz, but NBB requirements could nevertheless be considered to ensure selectivity with close-in “narrowband” intefererers e.g. during uncoordinated TDD operations.

Proposal 3: consider specifying NBB requirements also for bands above 3 GHz for futher verification of selectivity.

4 Proposal
We make the following proposals:

Proposal 1: the test configuration for ACS, IBB and NBB verification (maximum interferer bandwidth of 5 MHz for ACS and IBB) and requirement agreed for re-farmed LTE bands below 2.7 GHz shall apply for all NR bands below 2.7 GHz.

Proposal 2: for NR bands above 3 GHz, the ACS and IBB requirements shall apply with an interferer bandwidth equal to the wanted channel bandwidth up to 20 MHz; for larger wanted signal bandwidths the interferer bandwidth shall be limited to 20 MHz.
Proposal 3: consider specifying NBB requirements also for bands above 3 GHz for futher verification of selectivity.
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