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1 Background
THe following agreement was made at RAN#93-e 
“RAN4 is asked to define a new band n[xx] for lower 6GHz NR unlicensed operation for Europe in order to support the definition of alternate UE receiver blocking requirements.

–      Definition of this new band is dependent on completion of the task agreed in RP 212589.”

In this contribution we propose receiver requirements for a band (n101) according to the EC Decision 2021/1067. 
The receiver requirements for a UE supporting shared spectrum access in an EU band with the range 5 945-6 425 MHz should nevertheless be based on an implementation with a 5925-7125 MHz RF filter, the most likely filter implementation. In fact, this is encouraged by the EC Decision:
(3) The regulatory framework for WAS/RLANs operating in the 5 945-6 425 MHz frequency band, that is to say, the lower 6 GHz frequency band, should improve wireless connectivity in the Union and allow the internal market to benefit from a spectrum resource potentially available worldwide, thus generating large economies of scale for equipment manufacturer […]

In order to accommodate a wider RF filter it suffices to modify the the ‘standard’ out-of-band blocking requirements, the remaining receiver requirements can be adopted from n96. The reference sensitivity requirements, for example, should be aligned with those for n96 with its wide filter.
2 Receiver requirements – modification of standard OOB blocking requirements
The out-of-band blocking (OOBB) requirements for the shared access bands specified thus far, n46 and n96, 
Table 7.6F.3.1-2: Out of-band blocking for shared access bands

	Operating band
	Parameter
	Unit
	Range1
	Range 2
	Range 3

	
	Pinterferer
	dBm
	-44
	-30
	-15

	n46, n96
	Finterferer (CW)
	MHz
	N/A
	-200 < f – FDL_low ≤    -3*CBW

or

3*CBW ≤ f – FDL_high < 200
	1 ≤ f ≤ FDL_low – MAX(200,3*CBW)

or

FDL_high                   + MAX(200,3*CBW)

≤ f ≤ 12750

	NOTE 1:
The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 4200 MHz.
NOTE 2:
CBW denotes the channel bandwidth of the wanted signal


applies at a frequency offset from the band edges greater than 3*CBW, the Range 1 covered by the in-band blocking (IBB) requirements. For channel bandwidths CBW such that 3*CBW < 200 MHz with CHBW at least down to 20 MHz, Range 2 applies with an inteferer power of Pinterferer = -30 dBm. Otherwise, Range 3 applies immediately outside the IBB interferer range. 

In view of expected RF filter rolloff outside the passband, the OOB requirements in interferer Range 2 with its -30 dBm interferer for 3*CBW < 200 MHz must be met without account of RF filter attenuation for the existing bands both below and above the band edges. The interferer range of Range 3 suggests that an offset from the passband of at least 200 MHz is needed for any significant RF filter rejection if any.
Observation 1: for bands n46 and n96, the standard OOBB for Range 2 with its -30 dBm interferer must be met at an interferer offsets 60-200 MHz from the band edges without account of RF filter rejection in view of expected RF filter roll-off required for compliance with minimum requirements. 
The interferer level for Range 3 is modified to -20 dBm above 4200 MHz, reducing this further to Pinterferer = -30 dBm aligned with the Range 2 interferer level in a limited frequency range above Range 2 and extending to above 7125 MHz would facilitate implementation of a dedicated EU band with a wide 5925-7125 MHz RF filter. This is shown in Figure 1 for the case in which 3*CBW < 200 MHz, otherwise the -30 dBm applies immediately above the IBB range. The reduced level should apply up to a tentative 7500 MHz above which the interferer level Pinterferer = -20 dBm applies, provisional RF filter data suggests that an offset of 200 MHz above the RF filter passband may not be sufficient.
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Figure 1: modified OOB requirements for an EU operating band 5945-6425 MHz implementd with an RF filter covering 5925-7125 MHz.

We make the following  

Proposal 1: for an EU band with the range 5945-6425 MHz, the OOBB requirements applies with a power level for Range 3 modified to -20 dBm for FInterferer > 4200 MHz except for the range FDL_high + MAX(200 MHz,3*CBW) < FInterferer ≤ [7500] MHz in which the said level shall be modified to -30 dBm. 

We assert that the -30 dBm interferer must be feasible for otherwise the existing OOBB requirements for n46 and n96 in Range 2 above and below the bands would not be feasible either (interferer offsets down to 60 MHz). The frequency ranges of the EU band and n96 are indeed different, but it is noted that both bands need to meet the receiver requirements for the wanted signal with sufficient receiver front-end performance throughout the entire band range.

Achieving filter rejection at offsets smaller than 200 MHz as required for rejection of Range 2 interferers appears challenging for n46 and n96 also with state-of-the art technology. Figure 2 shows provisional data obtained from [1] for an n96 filter designed with BAW resonators for 5 GHz coexistence. Steep rejection can be achieved on one side, 30 dB rejection is achieved above 8250 MHz on the high side. A limited rejection can be achieved at 60 MHz offset (the smallest offset for Range 2 with CHBW = 20 MHz.

[image: image2.emf]
Figure 2: a filter covering n96 and designed for coexistence with the 5 GHz range.

An example for n46 is shown in Figure 3 obtained from [2]. This is a multi-layer ceramic filter with passband frequency 5150-5925 MHz. We observe that there is no significant rejection in the first 200 MHz outside the passband, and incidentally, not in the first part of Range 3 with its -20 dBm interferer either. This filter is designed for NR-U and could be used for a representative implementation that would be subject to the OOBB requirements in 38.101-1.
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Figure 2: a ceramic filter covering n46.

Observation 2: achieving RF filter rejection at interferer offsets smaller than 200 MHz as required for rejection of Range 2 interferers appears challenging for n46 and n96 also with state-of-the art technology.
The OOBB blocking requirements for the EU band n101 should be specified as
<start of changes >

7.6F.3
Out-of-band blocking

7.6F.3.1
General

Out-of-band band blocking is defined for an unwanted CW interfering signal falling outside a frequency range 60 MHz or greater below or above the UE receive band. clauseThe throughput of the wanted signal shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.3.2 and A.3.3 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.6F.3.1-1 and Table 7.6F.3.1-2. The relative throughput requirement shall be met for any SCS specified for the channel bandwidth of the wanted signal.

Table 7.6F.3.1-1: Out-of-band blocking parameters for shared access bands

	RX parameter
	Units
	Channel bandwidth

	
	
	20 MHz
	40 MHz
	60 MHz
	80 MHz

	Power in transmission bandwidth configuration
	dBm
	REFSENS + channel bandwidth specific value below

	
	dB
	9

	NOTE 1:
The transmitter shall be set to 4 dB below PCMAX_L,f,c at the minimum UL configuration specified in Table 7.3.2-3 with PCMAX_L,f,c defined in clause 6.2.4.


Table 7.6F.3.1-2: Out of-band blocking for shared access bands

	Operating band
	Parameter
	Unit
	Range1
	Range 2
	Range 3

	
	Pinterferer
	dBm
	-44
	-30
	-15

	n46, n96, nE
	Finterferer (CW)
	MHz
	N/A
	-200 < f – FDL_low ≤    -3*CBW

or

3*CBW ≤ f – FDL_high < 200
	1 ≤ f ≤ FDL_low – MAX(200,3*CBW)

or

FDL_high                   + MAX(200,3*CBW)

≤ f ≤ 12750

	NOTE 1:
The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 4200 MHz. For band nE the power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 4200 MHz except for the range FDL_high + MAX(200,3*CBW) < FInterferer ≤ [7500] MHz in which the said level shall be modified to -30 dBm.
NOTE 2:
CBW denotes the channel bandwidth of the wanted signal


For interferer frequencies across ranges 1, 2 and 3 in Table 7.6F.3-2, a maximum of
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< end of changes >

The same changes can be specified for intra-band CA in the EU band keeping the same 7500 MHz upper limit for the extended Range 2, the same RF filter used for intra-band carriers,
Proposal 2: for intra-band CA in an EU band with the range 5945-6425 MHz, the OOBB requirements applies with a power level for Range 3 modified to -20 dBm for FInterferer > 4200 MHz except for the range FDL_high + MAX(200 MHz,3*BWChannel_CA) < FInterferer ≤ [7500] MHz in which the said level shall be modified to -30 dBm. 

Hence the specification for intra-band CA would look like
< start of changes >

7.6F.3.2
Intra-band contiguous shared spectrum channel access CA

Out-of-band blocking for intra-band contiguous shared access CA requirements are specified in Table 7.6F.3.2-1.  These requirements apply for any SCS specified for the channel bandwidth of the wanted signal.  For the test parameters specified in Table 7.6F.3.2-2, the throughput of each carrier shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.3.2, and A.3.3 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1).

Table 7.6F.3.2-1: Out-of-band blocking parameters for intra-band contiguous shared access CA

	Rx Parameter
	Units 
	Shared access CA bandwidth class

	
	
	B, C, D, E, M, N, O

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	REFSENS + CA bandwidth class specific value below

	
	dB
	9

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L,f,c at the minimum UL configuration specified in Table 7.3.2-3 with PCMAX_L,f,c defined in clause 6.2.4.


Table 7.6F.3.2-2: Out of-band blocking for intra-band contiguous CA

	Operating band
	Parameter
	Unit
	Range1
	Range 2
	Range 3

	
	Pinterferer
	dBm
	-45
	-30
	-15

	n46, nE
	Finterferer (CW)
	MHz
	N/A
	-200 < f – FDL_low ≤ -3*BWChannel_CA
or

3*BWChannel_CA ≤ f – FDL_high < 200
	1 ≤ f ≤ FDL_low – MAX(200,3*BWChannel_CA)

or

FDL_high + MAX(200,3*BWChannel_CA)

≤ f ≤ 12750

	NOTE 1:
The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 4200 MHz. For band nE the power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 4200 MHz except for the range FDL_high + MAX(200,3*BWChannel_CA) < FInterferer ≤ [7500] MHz in which the said level shall be modified to -30 dBm.


< end of changes >
It sufficies to modify the OOBB interferer level to accommodate a wider filter.
3 Remaining receiver requirements
The remaining receiver requirements for the EU band (n101) should also be specified assuming a reference receiver implemented with a 5925-7125 MHz RF filter. Standard test cases can be used. We propose that
Proposal 3: the remaining receiver requirements for an EU band (n101) with the range 5945-6425 MHz should be aligned with those of band n96.

In particular, this means that the reference sensitivity requirements should be specified as

7.3F.2
Reference sensitivity power level

The throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2.2, A3.2 and A.3.3 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3F.2-1, Table 7.3F.2-2, and Table 7.3F.2-3.

Table 7.3F.2-1: Two antenna port reference sensitivity QPSK PREFSENS

	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	20 MHz (dBm)
	40 MHz (dBm)
	60 MHz (dBm)
	80 MHz (dBm)

	n46
	15
	-89.7
	-86.6
	
	

	
	30
	-89.9
	-86.7
	-84.8
	-83.6

	
	60
	-90.1
	-86.9
	-85.0
	-83.6

	n96
	15
	-89.2
	-86.1
	
	

	
	30
	-89.4
	-86.2
	-84.3
	-83.1

	
	60
	-89.6
	-86.4
	-84.5
	-83.1

	n101
	15
	-89.2
	-86.1
	
	

	
	30
	-89.4
	-86.2
	-84.3
	-83.1

	
	60
	-89.6
	-86.4
	-84.5
	-83.1


For UE(s) equipped with 4 Rx antenna ports, reference sensitivity for 2Rx antenna ports in Table 7.3F.2-1 shall be modified by the amount given in ΔRIB,4R in Table 7.3F.2-2 for the applicable operating bands.

Table 7.3F.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R

	Operating band
	ΔRIB,4R (dB)

	n46, n96, n101
	-2.2


< start of changes >

The in-band blocking requirements would be specified like for n46 and n96 but with wanted channels confined to the band range 5945-6425 MHz.  
4 Proposal 
We propose that 

Proposal 1: for an EU band with the range 5945-6425 MHz, the OOBB requirements applies with a power level for Range 3 modified to -20 dBm for FInterferer > 4200 MHz except for the range FDL_high + MAX(200 MHz,3*CBW) < FInterferer ≤ [7500] MHz in which the said level shall be modified to -30 dBm. 

based on

Observation 1: for bands n46 and n96, the standard OOBB for Range 2 with its -30 dBm interferer must be met at an interferer offset of 60-200 MHz from the band edges without account of RF filter rejection in view of expected RF filter roll-off required for compliance with minimum requirements. 

Observation 2: achieving RF filter rejection at interferer offsets smaller than 200 MHz as required for rejection of Range 2 interferers appears challenging for n46 and n96 also with state-of-the art technology.
For intra-band CA the following
Proposal 2: for intra-band CA in an EU band with the range 5945-6425 MHz, the OOBB requirements applies with a power level for Range 3 modified to -20 dBm for FInterferer > 4200 MHz except for the range FDL_high + MAX(200 MHz,3*BWChannel_CA) < FInterferer ≤ [7500] MHz in which the said level shall be modified to -30 dBm. 
For remaining recever requirements we propose that
Proposal 3: the remaining receiver requirements for an EU band with the range 5945-6425 MHz should be aligned with those of band n96.

all this in order to allow implementation with an RF filter covering 5925-7125 MHz, the reference receiver for the mnimum requirements. 
Receiver requirements for an EU band with the range 5945-6425 MHz, introduced as n101 in [3], are proposed in the accompanying CR [4] in accordance with the above.
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