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Introduction
In RAN4#104e, the issues of low rejection of existing UL filters for bands in the neighborhood of the 1670-1675MHz frequency range of band 54 resulting in poor protection levels in some cases, was discussed in [2] and initial agreements were captured in [1]. In this contribution, we discuss and define the achievable protection level of band 54 from band 24/n24/n255 filter and band 66/n66 and 70/n70 combined filter versus UL channel bandwidth.
Discussion
Existing filters performance and need for relaxed protection level
In way forward [1], it was agreed that a -50dBm/MHz protection level for band 54 could not be achieved by neighbor bands 24/n24/n99/n255, 70/n70 and 66/n66/n86. 
This was due to the poor rejection achievable by the UL filters especially for legacy filters:
· Band 24/n24/n99/n255 UL filters did not have any DL directly above the UL band and the UL filter was optimized for the stringent protection of the GNSS system just below the UL band and thus provide almost no rejection of band 54.
· Band 66 and band 70 use a common UL filter in some implementations and thus should be the basis for the band 66 rejection which is limited due to the 25MHz downward extension when adding Band 70. Due to this limitation, only moderate rejection is achieved for band 54.

We have looked at our legacy filters as well as filters that are close to reaching production to make the following rejection proposal.

Proposal 1: 
· Bands 24/n24/n99/n255 UL filter rejection of the LTE band 54 is 0dB
· Bands 70/n70 UL filter rejection of the LTE band 54 is 10dB based on a combined band 66 and band 70 UL filter
· Bands 66/n66/n86 UL filter rejection of the LTE band 54 is 10dB based on a combined band 66 and band 70 UL filter
Achievable protection level per channel bandwidth
Based on the filter rejection of 0dB for n24 and 10dB for n70+n66 and the NR SEM mask, it is possible to derive the dBm/MHz UL PSD in band 24 for the worst UL interfering channel; in addition, it is possible to deduct at which carrier frequency offset the default -50dBm/MHz can be achieved. These derivations are presented in Table 1 for bands 24, 70 and 66 UL with 0dB filter rejection for the band 24 UL filter and 10dB rejection for bands 66+70 UL filter.
Table reading:
· Cyan separates the different interfering UL bands
· Grey rows are for NR only
· For ACLR and IMD overlap, orange cells are for partial overlap (>1MHz) and red cells are for full overlap
· The PSD in dBm/MHz is colored in function of the protection level achieved for band 54
· For the last column, the carrier frequency at which the -50dBm/MHz protection level is achievable is in red if the channel cannot fit in the band.

Table 1: Calculated protection level in B54 and carrier frequency at which -50dBm/MHz is achievable
[image: ]
Observations for bands 24/n24/n99/n255:
· 5MHz channel: The protection level is -40dBm/MHz while channels with Fc<1652.4MHz can achieve -50dBm/MHz
· 10MHz channel: The achievable protection level is -25dBm/MHz while channels with Fc<16535 MHz can achieve -50dBm/MHz.
Observations for bands 70/n70:
· -50dBm/MHz is achieved by all 5 and 10MHz channels (also valid for LTE)
· -35dBm/MHz is needed for all 15 and 20MHz channels (also valid for LTE)
· -20dBm/MHz is needed for all 25MHz channel (NR only).
Observations for bands 66/n66/n86:
· -50dBm/MHz is achievable by:
· 5, 10 and 15MHz channels (also valid for LTE)
· 20MHz channel for Fc > 1725MHz (also valid for LTE)
· 25, 30, 35MHz channels for FC > 1735.5, 1750 and 1662.5MHZ respectively (NR only)
· -35dBm/MHz is needed for:
· Lower 20MHz channel (also valid for LTE)
· Lower 25, 30, 35MHz channel (also valid for LTE)
· -20dBm/MHz is needed for all 40 and 45MHz channels.
Based on the above, band protection requirement can be split into 3 levels when feasible:
· Channels BW and positions achieving -50dBm/MHz
· Channels BW and positions achieving -35dBm/MHz
· Channels BW and positions achieving -20dBm/MHz, -25dBm/MHz can be used instead for n24 as only two levels are needed
· All channel bandwidths for NR bands
· Channel bandwidths up to 20MHz for LTE bands.
Band 54 protection level from bands 24/n25/n99/n255
Proposal 2: The following spurious coexistence limits are proposed for bands 24/n24/n99/n255 and related CA combinations to protect the new LTE band 54 (bold part).
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n24, n99
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 24, 25, 26, 29, 30, 41, 48, 66, 70, 71, 85, 103
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	NR Band n77
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 54
	FDL_low
	-
	FDL_high
	-50
	1
	X

	
	
	
	
	
	-40
	1
	Y

	
	
	
	
	
	-25
	1
	Z

	NOTE X:	Valid for 5 MHz channels with Fc < 1652.5 MHz and 10 MHz channels with Fc < 1635 MHz.
NOTE Y:	Valid for 5 MHz channels with Fc ≥ 1652.5 MHz.
NOTE Z:	Valid for 10 MHz channels with Fc ≥ 1635 MHz.


Band 54 protection level from bands 70/n70
Proposal 3: The following spurious coexistence limits are proposed for bands 70/n70 and related CA combinations to protect the new LTE band 54 (bold part) with Cyan part only for NR bands.
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n70
	E-UTRA Band 2, 4, 5, 12, 13, 14, 17, 24, 25, 26, 29, 30, 41, 47, 48, 66, 70, 71, 85, 103
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	NR Band n77
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 54
	FDL_low
	-
	FDL_high
	-50
	1
	X

	
	
	
	
	
	-35
	1
	Y

	
	
	
	
	
	-20
	1
	Z

	NOTE X:	Valid for all 5 and 10 MHz channels.
NOTE Y:	Valid for all 15 and 20MHz channels. 
NOTE Z:	Valid for all 25 MHz channels.


Band 54 protection level from bands 66/n66/n86
Proposal 4: The following spurious coexistence limits are proposed for bands 66/n66/n86 and related CA combinations to protect the new band 54 (bold part) with Cyan part only for NR bands.
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n66, n86
	E-UTRA Band 2, 4, 5, 7, 12, 13, 14, 17, 25, 26, 27, 28, 29, 30, 38, 41, 43, 50, 51, 53, 66, 70, 71, 74, 85, 103
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 42, 48, 
NR Band n77
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 54
	FDL_low
	-
	FDL_high
	-50
	1
	X

	
	
	
	
	
	-35
	1
	Y

	
	
	
	
	
	-20
	1
	Z

	NOTE X:	Valid for all 5, 10 and 15 MHz channels and 20, 25, 30 and 35 MHz channels with Fc > 1725, 1737.5, 1750 and 1762.5 MHz respectively. 
NOTE Y:	Valid for 20, 25, 30 and 35 MHz channels with Fc ≤ 1725, 1737.5, 1750 and 1762.5 MHz respectively.
NOTE Z:	Valid for all 40 and 45MHz channels


Conclusion
In this contribution we provided calculation for the protection level for band 54 for coexistence with neighbor UL bands for different channel bandwidths and came to the following proposals. 
Proposal 1: 
· Bands 24/n24/n99/n255 UL filter rejection of the LTE band 54 is 0dB
· Bands 70/n70 UL filter rejection of the LTE band 54 is 10dB based on a combined band 66 and band 70 UL filter
· Bands 66/n66/n86 UL filter rejection of the LTE band 54 is 10dB based on a combined band 66 and band 70 UL filter
Proposal 2: The following spurious coexistence limits are proposed for bands 24/n24/n99/n255 and related CA combinations to protect the new LTE band 54 (bold part).
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n24, n99
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 24, 25, 26, 29, 30, 41, 48, 66, 70, 71, 85, 103
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	NR Band n77
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 54
	FDL_low
	-
	FDL_high
	-50
	1
	X

	
	
	
	
	
	-40
	1
	Y

	
	
	
	
	
	-25
	1
	Z

	NOTE X:	Valid for 5 MHz channels with Fc < 1652.5 MHz and 10 MHz channels with Fc < 1635 MHz.
NOTE Y:	Valid for 5 MHz channels with Fc ≥ 1652.5 MHz.
NOTE Z:	Valid for 10 MHz channels with Fc ≥ 1635 MHz.



Proposal 3: The following spurious coexistence limits are proposed for bands 70/n70 and related CA combinations to protect the new LTE band 54 (bold part) with Cyan part only for NR bands.
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n70
	E-UTRA Band 2, 4, 5, 12, 13, 14, 17, 24, 25, 26, 29, 30, 41, 47, 48, 66, 70, 71, 85, 103
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	NR Band n77
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 54
	FDL_low
	-
	FDL_high
	-50
	1
	X

	
	
	
	
	
	-35
	1
	Y

	
	
	
	
	
	-20
	1
	Z

	NOTE X:	Valid for all 5 and 10 MHz channels.
NOTE Y:	Valid for all 15 and 20MHz channels. 
NOTE Z:	Valid for all 25 MHz channels.



Proposal 4: The following spurious coexistence limits are proposed for bands 66/n66/n86 and related CA combinations to protect the new band 54 (bold part) with Cyan part only for NR bands.
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n66, n86
	E-UTRA Band 2, 4, 5, 7, 12, 13, 14, 17, 25, 26, 27, 28, 29, 30, 38, 41, 43, 50, 51, 53, 66, 70, 71, 74, 85, 103
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 42, 48, 
NR Band n77
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 54
	FDL_low
	-
	FDL_high
	-50
	1
	X

	
	
	
	
	
	-35
	1
	Y

	
	
	
	
	
	-20
	1
	Z

	NOTE X:	Valid for all 5, 10 and 15 MHz channels and 20, 25, 30 and 35 MHz channels with Fc > 1725, 1737.5, 1750 and 1762.5 MHz respectively. 
NOTE Y:	Valid for 20, 25, 30 and 35 MHz channels with Fc ≤ 1725, 1737.5, 1750 and 1762.5 MHz respectively.
NOTE Z:	Valid for all 40 and 45MHz channels
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GB NRB Flow Fhigh

NFlow Fhigh OVLN Flow Fhigh OVLBW RejPA B54N Fc

1670.01675.0# # dB # MHz

1626.51660.5

5 25 0.24251655.71660.23 1670.5 1675.5 4.5 71642.21673.7 3.7 31.5 0-40 -40 4 1652.5

10 52 0.31251650.81660.22 1670.5 1680.5 4.5 51632.11678.9 5.0 46.8 0-25 -25 4 1635

1695.01710.0

5 25 0.24251695.21699.75 1670 1675 5111672.71722.2 2.7 49.5 10-50 -60 3 1687.5

10 52 0.31251695.31704.73 1665 1675 5 71667.21732.8 5.0 65.5 10-40 -50 3 1700

15 79 0.38251695.41709.62 1665 1680 5 51666.91738.0 5.0 71.1 10-30 -40 3 1712.5

20 1060.45251695.51714.52 1655 1675 5 51657.31752.7 5.0 95.4 10-25 -35 3 1725

25 1330.52251695.51719.51 1670 1695 5 31671.61743.4 1.6 71.8 10-13 -23 3 1737.5

1710.01780.0

5 25 0.24251710.21714.78 1670 1675 5191669.71755.2 5.0 85.5 10-50 -60 3 1687.5

10 52 0.31251710.31719.74 1670 1680 5 91672.91757.1 2.1 84.2 10-50 -60 3 1700

15 79 0.38251710.41724.63 1665 1680 5 71667.71767.3 5.0 99.5 10-40 -50 3 1712.5

20 1060.45251710.51729.52 1670 1690 5 51672.31767.7 2.7 95.4 10-30 -40 3 1725

25 1330.52251710.51734.52 1660 1685 5 51662.61782.3 5.0 120 10-30 -40 3 1737.5

30 1600.59251710.61739.42 1650 1680 5 51653.01797.0 5.0 144 10-30 -40 3 1750

35 1880.57251710.61744.42 1640 1675 5 51642.91812.1 5.0 169 10-25 -35 3 1762.5

40 2160.55251710.61749.41 1670 1710 5 31671.71788.3 3.3 117 10-13 -23 3 1775

45 2420.71251710.71754.31 1665 1710 5 31667.21797.8 5.0 131 10-13 -23 3 1787.5
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