14

[bookmark: historyclause]3GPP RAN WG4 Meeting #103e		R4-2207664
Electronic meeting, May 09 – May 20, 2022	

Agenda item:	8.1.3
Source:	Apple Inc.
Title:	On UE Rx requirements for the licensed operation in the upper 6GHz frequency range
WI/SI:	NR_6 GHz
Release:	Rel-17
Document for:	Decision

1	Introduction 
During the RAN#94 meeting, 3GPP was informed by the RCC Commission for the Regulation of the Usage of the Radio Frequency Spectrum and Satellite Orbits about the agreed recommendation 1/21 on "Harmonization of the technical conditions for 5G-NR / IMT-2020 systems in the RCC countries in the frequency band 6425-7125 MHz or in its portions" [1]. In response to this document 3GPP RAN agreed to resume the corresponding WI [2] aiming to introduce support for the licensed operation in that frequency range.
During the RAN4#102 technical meeting several open issues for UE requirements were identified, such as reference sensitivity, in-band and out-of-band blocking requirements [3]. For instance, several options for potential REFSENS values were identified, but no conclusion was reached. In this discussion paper we present our further technical considerations for these open aspects. 

2	UE RX requirements 
It bears mentioning that the highest FR1 licensed band is band n79 frequency range of which is 4400-5000MHz, i.e. 3GPP core specifications do not have any licensed band higher than 5GHz. And even though existing core requirements are written in generic way potentially covering the whole FR1 range, it is not likely that the 6GHz licensed band will or can have same requirements as e.g. 3GHz bands. On the other hand, there exists unlicensed band n96 covering frequency range of 5925-7125MHz. And since the receiver properties are governed by the physical restrictions and limitations, not by the licensing nature of the frequency range, it also possible to consider existing band n96 requirements.
In next sub-sections we will present both band n79 and band n96 requirements for the reference sensitivity, in-band and out-of-band blocking.
2.1	Reference sensitivity
As for the reference sensitivity, band n79 requirements are defined by the generic formula as presented below in Table 2.1-1 (which is an excerpt from Table 7.3.2-1b in TS 38.101-1). And for the sake of clarity, exact REFSENS values are also presented in Table 2.1-2. 
Table 2.1-1: Two antenna port reference sensitivity for band n79
	n791
	15
	10, 20, 30, 40, 50
	-89.6 + 10log10(NRB/216)
	TDD

	
	30
	10, 20, 30, 40, 50, 60, 70, 80, 90, 100
	-89.7 + 10log10(NRB/106)
	

	
	60
	10, 20, 30, 40, 50, 60, 70, 80, 90, 100
	-89.9 + 10log10(NRB/51)
	




Table 2.1-2: Two antenna port reference sensitivity for band n79.
	Operating band / SCS / Channel bandwidth

	Band
	SCS
	10MHz
	20MHz
	30MHz
	40MHz
	50MHz
	60MHz

	n79
	15
	-95.8
	-92.7
	-90.9
	-89.6
	-88.6
	

	
	30
	-96.2
	-92.9
	-91
	-89.7
	-88.7
	-87.9

	
	60
	-96.6
	-93.1
	-91.1
	-89.9
	-88.8
	-88.0



At the same time, band n96 reference sensitivity is defined as in the Table 2.1-3 below (taken from Table 7.3F.2-1 in TS 38.101-1). 
Table 2.1-3: Two antenna port reference sensitivity for band n46 and n96.
	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



As can be seen from 2.1-3, both bands n46 and n96 REFSENS values can be also expressed as a generic formula. In fact, band n46 REFSENS is relaxed by 3dB comparing to band n79, and band n96 is relaxed further by 0.5dB. Based on that it is suggested to take existing band n96 reference sensitivity requirements and apply it to the upper licensed 6GHz band.  
[bookmark: _Toc101271481][bookmark: _Toc101469033][bookmark: _Toc101774413][bookmark: _Toc101781586][bookmark: _Toc100751589]Proposal 1:	Reference sensitivity requirements are defined as follows:
[bookmark: _Toc101271482][bookmark: _Toc101469034][bookmark: _Toc101774414][bookmark: _Toc101781587]Proposal 1a:	For 15kHz SCS, "-86.1 + 10log10(N_rb/216)".
[bookmark: _Toc101271483][bookmark: _Toc101469035][bookmark: _Toc101774415][bookmark: _Toc101781588]Proposal 1b:	For 30kHz SCS, "-86.3 + 10log10(N_rb/106)".
[bookmark: _Toc101271484][bookmark: _Toc101469036][bookmark: _Toc101774416][bookmark: _Toc101781589]Proposal 1c:	For 60kHz SCS, "-86.5 + 10log10(N_rb/51)". 
2.2	In-band blocking requirements
In-band blocking requirements for band n79 comprise two parts: serving signal power (Table 2.2-1 based on Table 7.6.2-3 from TS 38.101-1) and the blocking signal parameters (Table 2.2-2 based on Table 7.6.2-4 from TS 38.101-1). The serving signal power is always set to REFSENS+6dB and the blocking signal power is set to -56dBm and -44dBm depending on the blocker offset. Furthermore, the interferer power channel bandwidth is scaled to the serving signal bandwidth. 
Table 2.2-1: In-band blocking parameters for NR band n79
	RX parameter
	Units
	Channel bandwidth (MHz)

	
	
	10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100

	Power in transmission bandwidth configuration
	dBm
	REFSENS + 6 dB

	BWinterferer
	MHz
	BWChannel 

	FIoffset, case 1
	MHz
	(3/2)*BWChannel 

	FIoffset, case 2
	MHz
	(5/2)*BWChannel 

	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.
NOTE 2:	The interferer consists of the RMC specified in Annexes A.3.2.2 and A.3.3.2 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 2.2-2: In-band blocking parameters for NR band n79
	NR band
	Parameter
	Unit
	Case 1
	Case 2

	
	Pinterferer
	dBm
	-56
	-44

	n77, n78, n79
	Finterferer (offset)
	MHz
	-BWChannel/2 –
FIoffset, case 1
and
BWChannel/2 +
FIoffset, case 1
	≤ -BWChannel/2 –
FIoffset, case 2
and
≥ BWChannel/2 +
FIoffset, case 2

	
	Finterferer
	
	NOTE 2
	FDL_low – 3*BWChannel
to
FDL_high + 3*BWChannel

	
NOTE 1:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to 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: -BWChannel/2 – FIoffset, case 1; b: BWChannel/2 + FIoffset, case 1
NOTE 3:	BWChannel denotes the channel bandwidth of the wanted signal



As for the band n96, in-band blocking requirements follow slightly different logic. The serving signal power is scaled with the serving signal bandwidth; but the interfering signal is always set to 20MHz. At the same time the blocker signal general parameters are the same for both band n79 and 96. There are two blocking signal power levels – -56dBm and -44dBm – whereupon -56dBm is applied to the range -CBW/2- FIoffset …CBW/2+ FIoffset, and -44dBm is applied to FDL_low–3*CBW… FDL_high+3*CBW.  
Table 2.2-3: In-band blocking parameters for NR band n96
	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 2.2-4: In-band blocking parameters for NR band n96

	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 
	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 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



Based on the presented considerations, a new upper 6GHz licensed band in-band blocking parameters can be defined as summarized in the proposals below. We suggest setting the serving signal power to REFSENS+9dB, i.e. the logic is the same as for band n79, but the delta value of 9dB is taken from band n96. Annex B also summarizes these requirements in the tabular format.

[bookmark: _Toc100751590][bookmark: _Toc101271485][bookmark: _Toc101469037][bookmark: _Toc101774417][bookmark: _Toc101781590]Proposal 2:	In-band blocking requirements are defined as follows:
[bookmark: _Toc101469038][bookmark: _Toc101774418][bookmark: _Toc101781591][bookmark: _Toc100751591][bookmark: _Toc101271486]Proposal 2a:	Serving signal power is set to REFSENS+9dB 
[bookmark: _Toc100751592][bookmark: _Toc101271487][bookmark: _Toc101469039][bookmark: _Toc101774419][bookmark: _Toc101781592]Proposal 2b:	The blocker signal bandwidth is set according to the serving signal bandwidth (same as for band n79). 
[bookmark: _Toc100751593][bookmark: _Toc101271488][bookmark: _Toc101469040][bookmark: _Toc101774420][bookmark: _Toc101781593]Proposal 2c:	The blocker signal power (i.e. -56 / -44dBm), offset and frequency can be re-used from band n79.

2.3	Out-of-band blocking requirements
Band n79 out-of-band block requirements are defined as presented in Table 2.3-1 below (based on Table 7.6.3-3 from TS 38.101-1). The serving signal strength is set based on the baseline REFSENS value adjusted further with the channel bandwidth specific value. And the interferer signal strength is set to different values of -30 and -15dBm. 
Table 2.3-1: Out-of-band blocking parameters for NR bands above 3300MHz.
	RX parameter
	Units
	Channel bandwidth (MHz)

	
	
	10
	15
	20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100

	Power in transmission bandwidth configuration
	dBm
	REFSENS + 6 dB
	REFSENS + 7 dB
	REFSENS + 9 dB

	NOTE:	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 2.3-2: Out-of-band blocking parameters for NR bands above 3300MHz.
	n79 (NOTE 4)
	Finterferer (CW)
	MHz
	N/A
	-150 < f – FDL_low ≤           -MAX(60,3*BWChannel)
or
MAX(60,3*BWChannel) ≤ f – FDL_high < 150
	1 ≤ f ≤ FDL_low – MAX(150,3*BWChannel)
or
FDL_high                      + MAX(150,3*BWChannel)
≤ f ≤ 12750

	NOTE 1:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 6000 MHz.
NOTE 2:	BWChannel denotes the channel bandwidth of the wanted signal
NOTE 3:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 2700 MHz and FInterferer < 4800 MHz. For BWChannel > 15 MHz, the requirement for Range 1 is not applicable and Range 2 applies from the frequency offset of 3*BWChannel from the band edge. For BWChannel larger than 60 MHz, the requirement for Range 2 is not applicable and Range 3 applies from the frequency offset of 3*BWChannel from the band edge.
NOTE 4:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 3650 MHz and FInterferer < 5750 MHz. For BWChannel ≥ 40 MHz, the requirement for Range 2 is not applicable and Range 3 applies from the frequency offset of 3*BWChannel from the band edge.




Existing band n96 out-of-band blocking requirements are defined as presented below in Table 2.3-3 and 2.3-4. The general logic is very similar to band n79 with a different that the serving signal strength is defined only for channels equals to and larger than 20MHz set to REFSENS+9dB. And as for the interferer signal strength, same values of -30 and -15dBm are applied (whereupon -15dBm interfering signal strength is modified to -20dBm for frequencies above 4200MHz).  
Table 2.3-3: Out-of-band blocking parameters for band n96.
	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.



It is also worth noting that in addition to the full unlicensed band n96 covering 5925-7125MHz frequency range, there also exists unlicensed band n102 covering the lower part of the 6GHz band, 5925-6425MHz. While defining out-of-band blocking requirements for band n102, it was concluded that since 6425-7125MHz range falls into the band n96 operating range, the blocking signal power is set to -33dBm. Similarly, since a UE may use common HW components to receive data on band n96 and on the upper licensed band, the blocking signal power for the 5925-6425MHz range can be also set to -33dBm.   
Table 2.3-4: Out-of-band blocking parameters for band n96.
	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

	n102
	Finterferer (CW)
	MHz
	N/A
	-200 < f – FDL_low ≤    -3*CBW
or
FDL_high + MAX(200,3*CBW) ≤ f < 7125 +  MAX(375,3*CBW)
	1 ≤ f ≤ FDL_low – MAX(200,3*CBW)
or
7125 +  MAX(375,3*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
NOTE 3: 	For band n102, the power level of the interferer (PInterferer) for Range 2 shall be modified to -33dBm for the range FDL_high + MAX(200,3*CBW) ≤ f < 7125 +  MAX(375,3*CBW).



Annex C summarises proposed out-of-band requirements in the tabular format. And Figure 2.3-1 below presents a summary of all proposed in- and out-of-band blocking requirements indicating the blocking signal strength for different frequency ranges: 
-	For the in-band range, either -56 or -44dBm blocking signal is used depending on the frequency location. 
-	For the out-of-band range of 5925-6425MHz, the blocking signal is set to -33dBm.
-	For the out-of-band range below 5925MHz and above 7125MHz, standard blockers of -30, -20 and -15dBm are assumed.

[image: ]
Figure 2.3-1: Summary of the in- and out-of-band blocking requirements for the upper 6GHz licensed band.

[bookmark: _Toc100751594][bookmark: _Toc101271489][bookmark: _Toc101469041][bookmark: _Toc101774421][bookmark: _Toc101781594]Proposal 3:	Out-of-band blocking requirements are defined as follows: 
[bookmark: _Toc100751595][bookmark: _Toc101271490][bookmark: _Toc101469042][bookmark: _Toc101774422][bookmark: _Toc101781595]Proposal 3a:	Serving signal power is set to REFSENS+9dB 
[bookmark: _Toc100751596][bookmark: _Toc101271491][bookmark: _Toc101469043][bookmark: _Toc101774423][bookmark: _Toc101781596]Proposal 3b:	For the frequency range 1-5925MHz, the blocker signal power (-15dBm, -20dBm, and -30dBm) and frequency are re-used from band n79/n96.
[bookmark: _Toc100751597][bookmark: _Toc101271492][bookmark: _Toc101469044][bookmark: _Toc101774424][bookmark: _Toc101781597]Proposal 3c:	For the frequency range 5925-6425MHz, the blocker signal power is set to -33dBm. 
[bookmark: _Toc100751598][bookmark: _Toc101271493][bookmark: _Toc101469045][bookmark: _Toc101774425][bookmark: _Toc101781598]Proposal 3d:	For the frequency range above 7125MHz, the blocker signal power is set to -20dBm.

3	Conclusions
In this discussed paper we have presented our further considerations regarding the UE Rx requirements for the upper licensed band. As discussed in our paper, since the upper licensed 6GHz band overlaps with band n96, it makes sense to align the corresponding requirements taking into existing requirements for band n79. 

Proposal 1:	Reference sensitivity requirements are defined as follows:
Proposal 1a:	For 15kHz SCS, "-86.1 + 10log10(N_rb/216)".
Proposal 1b:	For 30kHz SCS, "-86.3 + 10log10(N_rb/106)".
Proposal 1c:	For 60kHz SCS, "-86.5 + 10log10(N_rb/51)".
Proposal 2:	In-band blocking requirements are defined as follows:
Proposal 2a:	Serving signal power is set to REFSENS+9dB
Proposal 2b:	The blocker signal bandwidth is set according to the serving signal bandwidth (same as for band n79).
Proposal 2c:	The blocker signal power (i.e. -56 / -44dBm), offset and frequency can be re-used from band n79.
Proposal 3:	Out-of-band blocking requirements are defined as follows:
Proposal 3a:	Serving signal power is set to REFSENS+9dB
Proposal 3b:	For the frequency range 1-5925MHz, the blocker signal power (-15dBm, -20dBm, and -30dBm) and frequency are re-used from band n79/n96.
Proposal 3c:	For the frequency range 5925-6425MHz, the blocker signal power is set to -33dBm.
Proposal 3d:	For the frequency range above 7125MHz, the blocker signal power is set to -20dBm.
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Annex A:
Proposed reference sensitivity


	nXXX
	15
	10, 20, 30, 40, 50
	-86.1 + 10log10(NRB/216)
	TDD

	
	30
	10, 20, 30, 40, 50, 60, 70, 80, 90, 100
	-86.3 + 10log10(NRB/106)
	

	
	60
	10, 20, 30, 40, 50, 60, 70, 80, 90, 100
	-86.5 + 10log10(NRB/51)
	







[bookmark: _Toc2086459]Annex B:
Proposed in-band blocking requirements

	RX parameter
	Units
	Channel bandwidth (MHz)

	
	
	10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100

	Power in transmission bandwidth configuration
	dBm
	REFSENS + 9 dB

	BWinterferer
	MHz
	BWChannel 

	FIoffset, case 1
	MHz
	(3/2)*BWChannel 

	FIoffset, case 2
	MHz
	(5/2)*BWChannel 

	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.
NOTE 2:	The interferer consists of the RMC specified in Annexes A.3.2.2 and A.3.3.2 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 




	NR band
	Parameter
	Unit
	Case 1
	Case 2

	
	Pinterferer
	dBm
	-56
	-44

	nXXX
	Finterferer (offset)
	MHz
	-BWChannel/2 –
FIoffset, case 1
and
BWChannel/2 +
FIoffset, case 1
	≤ -BWChannel/2 –
FIoffset, case 2
and
≥ BWChannel/2 +
FIoffset, case 2

	
	Finterferer
	
	NOTE 2
	FDL_low – 3*BWChannel
to
FDL_high + 3*BWChannel

	
NOTE 1:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to 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: -BWChannel/2 – FIoffset, case 1; b: BWChannel/2 + FIoffset, case 1
NOTE 3:	BWChannel denotes the channel bandwidth of the wanted signal





Annex C:
Proposed out-of-band blocking requirements

	RX parameter
	Units
	Channel bandwidth (MHz)

	
	
	10
	15
	20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100

	Power in transmission bandwidth configuration
	dBm
	REFSENS + 6 dB
	REFSENS + 7 dB
	REFSENS + 9 dB

	NOTE:	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.






	Operating band
	Parameter
	Unit
	Range1
	Range 2
	Range 3

	
	Pinterferer
	dBm
	-44
	-30
	-15

	nXXX 
	Finterferer (CW)
	MHz
	N/A
	-150 < f – FDL_low ≤           -MAX(60,3*BWChannel)
or
MAX(60,3*BWChannel) ≤ f – FDL_high < 150
	1 ≤ f ≤ FDL_low – MAX(150,3*BWChannel)
or
FDL_high                      + MAX(150,3*BWChannel)
≤ 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
NOTE 3: 	For band nXXX, the power level of the interferer (PInterferer) for Range 2 shall be modified to -33dBm for the range 5925 - MAX(60,3*CBW) ≤ f < FDL_low -  MAX(60,3*CBW).
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