TSG-RAN Working Group 4 (Radio) meeting #100-e
  R4-2112823
Electronic meeting, 16 – 27 August 2021
Source:
Ericsson
Title:
RF requirements for a UE supporting a dedicated EU band implemented with a 5925-7125 MHz RF filter
Agenda item:
8.1.3
Document for:
Approval
1 Background
In [1] we propose to specify an operating band with a frequency range aligned with the 5 945-6 425 MHz frequency band available for WAS/RLAN operation in the EU according to the harmonised conditions in the EC Decision [2]. This facilitates demonstration of compliance using the harmonized standard [3] for placing WAS/RLAN products on the EU market; use of equipment in accordance with [2] outside the frequency band 5 945-6 425 MHz is illegal in the EU.
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. 
For the transmitter requirements, equipment advertising the operating band 5945-6425 MHz would use one of two NS values, one indicating LPI requirements and another VLP requirements [2]. No other NS values are relevant for operations within the EU.
2 Receiver requirements – modification of standard OOB blocking requirements
The out-of-band blocking requirements for the shared access bands specified thus far, reproduced below,
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, 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 for 3*CBW < 200 MHz must be met without account of RF filter attenuation, 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. 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. 
The OOBB blocking requirements for the EU band, denoted ‘Band nE’ below, 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:

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. 

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:
Proposal 3: the remaining receiver requirements for an EU band with the range 5945-6425 MHz should be aligned with those of band n96.

In particular, this means that the in-band blocking requirements should be specified as
< start of changes >

7.6F.2
In-band blocking

7.6F.2.1
General

In-band blocking (IBB) is defined for an unwanted interfering signal falling into the UE receive band or into the first 60 MHz 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.2.1-1 and Table 7.6F.2.1-2. The relative throughput requirement shall be met for any SCS specified for the channel bandwidth of the wanted signal.

Table 7.6F.2.1-1: In-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
	12
	13.8
	15

	BWinterferer
	MHz
	20

	FIoffset, case 1
	MHz
	30

	FIoffset, case 2
	MHz
	≥ 50


Table 7.6F.2.1-2: In-band blocking for shared access bands

	Operating band
	Parameter
	Unit
	Case 1
	Case 2

	
	Pinterferer
	dBm
	-56
	-44

	
	Finterferer (offset)
	MHz
	-CBW/2 –

FIoffset, case 1
and

CBW/2 +

FIoffset, case 1
	≤ -CBW/2 –

FIoffset, case 2
and

≥ CBW/2 +

FIoffset, case 2

	n46, n96, nE 
	Finterferer
	
	NOTE 2
	FDL_low – 3*CBW

to

FDL_high + 3*CBW,

NOTE 4

	NOTE 1:
The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to 
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MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with an SCS equal to that of the wanted signal.

NOTE 2:
For each carrier frequency, the requirement applies for two interferer carrier frequencies: a: -CBW/2 – FIoffset, case 1; b: CBW/2 + FIoffset, case 1
NOTE 3:
CBW denotes the channel bandwidth of the wanted signal

NOTE 4:
Interferer carrier frequencies in the frequency range for Case 2 shall be located at discrete frequencies in integer multiples of 20 MHz offset from -CBW/2 – FIoffset, case 2 and CBW/2 + FIoffset, case 2


7.6F.2.2
Intra-band contiguous shared spectrum channel access CA

< end of changes >
and similarly for intra-band CA. 

Altogether, this means that protection from blocking by existing or new applications in the range 6425-7125 MHz would be verified with interferer levels of -44 dBm up to a 3*CBW frequency offset from the upper band edge 6425 MHz (in-band blocking) and -30 dBm above 6425 MHz + 3*CBW as shown in Figure 1. 
3 Transmitter requirements 

UEs supporting an EU band would use one of two NS values, one indicating LPI requirements and another VLP requirements. No other NS values are relevant for operations within the EU. The remaining transmitter requirements are the same as those for n96. 

The additional spurious emission limit for LPI is -22 dBm/MHz below 5935 MHz as shown in the table reproduced below whereas -30 dBm/MHz applies above 6425 MHz as per the general spurious emission limits for 1 < f < 26 GHz applicable in the EU.
[image: image4.png]Table 1: Low power indoor (‘LPT’) WAS/RLANS devices

Parameter Technical conditions

Permissible operation Restricted to indoor use, including in trains with
metal-coated windows (note 1) and aircraft.

Outdoor use, including in road vehicles, is not
permitted.

An LPI access point or bridge that is supplied
with power from a wired connection has an
integrated antenna and is not battery powered.

Category of device
An LPI client device that is connected to an LPI
access point or another LPI client device and may
or may not be battery powered.

Frequency band 5945-6 425 MHz

Maximum ~ mean  equivalent

A?o(mpl?ally radiated PowWer | 5 yp

(‘eirp.’) for in-band emissions

(note 2)

Maximum mean e.rp. density for | | op

in-band emissions (note 2)

Maximum mean e.ir.p. density for
out-of-band emissions below | -22 dBm/MHz
5935 MHz (note 2)

Note1: O similar structures made of material with comparable attenuation characteristics.

Note2:  The mean e.ir.p. refers to the e.i.r.p. during the transmission burst which corresponds to the highest porwer, if power contral
s implemented.





The additional spurious emission limit for VLP below 5935 MHz is a very stringent -45 dBm/MHz. It may be relaxed to    -37 dBm/MHz following an evaluation in  2024 as shown in the table below.

[image: image5.png]Table 2: Very Low Power (VLP) WAS/RLAN devices

Parameter Technical conditions

Indoors and outdoors.
Permissible operation
Use on drones is not permitted.

Category of device The VLP device is a portable device.

Frequency band 5945-6 425 MHz

Maximum mean eirp. for

in-band emissions (note 1) 14dBm

Maximum mean e.irp. density

for in-band emissions (note 1) |  SBVMH2

Narrowband usage maximum
mean e.i.r.p. density for in-band | 10 dBm/MHz
emissions (note 1) (note 2)

Maximum mean e.i.r.p. density | - 45 dBm/MHz until 31 December 2024 (note 3)
for out-of-band emissions below

5935 MHz (note 1)

Note 1: The mean e.i.p. refers to the e.irp. during the transmission burst which corresponds to the highest power, if power control is
implemented.

Note 2: Narrowband (NB) devices are devices that operate in channel bandwidths below 20 MHz. NB devices also require
2 frequency hopping mechanism based on at least 15 hop channels to operate at a value of in-band power spectral density
(PSD) above 1 dBm/MEz.

Note 3: The appropriateness of this limit shall be subject to review by 31 December 2024. In the absence of justified evidence,
2 value of -37 dBm/MHz shall apply from 1 January 2025.





We observe that
Observation 1: the EU band must support of two NS values, one indicating LPI requirements with a spurious emissions limit of -22 dBm/MHz below 5935 MHz more relaxed than the standard -30 dBm/MHz and another VLP requirements with a very stringent -45 dBm/MHz below 5935 MHz. No other NS values are relevant for operations within the EU.

Arguably, the NS value indicating LPI requirement could be labelled as NS_01, but perhaps better to map this value to the ‘general’ requirements for shared access as usual.
4 Proposal 
For UEs supporting shared spectrum access in an EU band with the range 5 945-6 425 MHz 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. 

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. 

Proposal 3: the remaining receiver requirements for an EU band with the range 5945-6425 MHz should be aligned with those of band n96.

in order to allow implementation with an RF filter covering 5925-7125 MHz. This means the a UE architecture supporting n96 can also be used for supporting an EU band that does not allow transmissions outside 5945-6425 MHz. We also make the following
Observation 1: the EU band should support two NS values, one indicating LPI requirements with a spurious emissions limit of -22 dBm/MHz below 5935 MHz more relaxed than the standard -30 dBm/MHz and another VLP requirements with a very stringent -45 dBm/MHz below 5935 MHz. No other NS values are relevant for operations within the EU.
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