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1. Introduction
In this document, we discuss the CA_n48-n46-n96 band combination. 
2. Discussion
Typical UE architecture involves co-banding n48 with n77 because n48 is a subset in frequency to n77, and reduction of front-end architecture is paramount. Co-banding usually compromises out of band filter rejection. Furthermore, n46 and n96 are adjacent frequency bands, so it is likely, although not a certainty, that n46 and n96 will be co-banded as well. Band n48 will TX/RX on one antenna, and bands n46/n96 will RX/TX on another antenna. Since there is a penalty in throughput for using LBT for coexistence or total synchronization, asynchronous operation may be a viable operation provided the filtering and the RF requirements are in place. So, the following assumptions are made as follows. See also time/frequency diagram in Figure 2-1:
· 1UL on either n46 or n96 on one antenna that can simultaneously transmit asynchronously with UL on n48 antenna.

· 1UL on either n46 or n96 and DL n48 can occur simultaneously.

· 1UL on either n48 and DL n46 and n96 can occur simultaneously.

· No simultaneous RX/TX with (n46 or n96) TX and (n46 and n96) RX.

· Requirements are met with DL frames n46 and n96 aligned within 3usec with PSD of DL carriers within 6dB of each other.

For this type of architecture and asynchronous operation, REFENS exceptions are required with the filtering assumptions in figure 2-2. There is the 2nd harmonic of band n48 falling into the n96, there is the 2nd harmonic mixing of n48RX due to the fundamental of n96 TX, and there is crossband noise between n48 and both n46/n96 bands in both directions. The fallback combination for asynchronous operation has been completed for CA_n46-n48, but the fallback combination for CA_n48-n96 needs to be analyzed as well, based on the agreed condition is that 1UL can happen in either n46 or n96 but not at the same time.
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Figure 2-1: Time diagram (left) and Frequency diagram (right)

Observation 1: No IMD3 can occur with n48 TX and n46 TX with victim n96 RX since there is no n96 RX while n46 is transmitting.
Observation 2: 2nd UL harmonic and 2nd order harmonic mixing is possible

Observation 3: Crossband noise between n48 and both n46/n96 bands in both directions is possible and fallback combinations need to be analyzed.
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Figure 2-2: Filtering assumptions for cross band noise analysis. 10dB antenna isolation is assumed between n48/n77 antenna and n46/n96 antenna
2.1. UL harmonic

There is existing framework in the current specification for excluding regions of harmonics. Since the projected harmonic level very high with a large MSD of ~ 29dB depending on UE implementation. The frequency range of the 2nd harmonic is likely to be contained in the upper edge of band n96, so it is preferable to use an exclusion zone. The lowest limit of the H2+sidelobe ranges from 7060-7095MHz depending on n48 channel bandwidth as shown in Table 2.1-1. The exclusion zone covers the main lobe of the 2nd harmonic as well as the 2nd harmonic ACLR and is shown in the context of the existing specification framework in Table 2.1-2.
Table 2.1-1: Lower limit of the H2 + sidelobe frequency in MHz (2Fc-2BW)
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5 3552.5 7105 7095

10 3555 7110 7090

15 3557.5 7115 7085

20 3560 7120 7080

30 3565 7130 7070

40 3570 7140 7060


Table 2.1-2: NR-U reference sensitivity measurement exclusion region in MHz.

	NR Band / Harmonic order / Channel BW in UL

	Band
	Harmonic order
	5MHz
	10MHz
	15MHz
	20 MHz
	40MHz

	n25
	3
	+/- 15
	+/- 23
	+/- 35
	+/- 45
	+/- 90

	n66
	3
	+/- 15
	+/- 23
	+/- 35
	+/- 45
	+/- 90

	n48
	2
	+/- 10
	+/- 20
	+/- 30
	+/- 40
	+/- 80

	NOTE 1:
Even though UL harmonic does not fall directly into NR-U band the exclusion region still applies.
NOTE 2:
The center of the exclusion region is obtained by multiplying the UL channel center frequency by the harmonic order.


Proposal 1: Define exclusion region for n48 2nd harmonic as shown in Tables 2.1-2 using the existing specification framework. 
2.2. Harmonic Mixing

As with DC_3_n77, when the RXLO frequency > 3.3GHz, 2nd harmonic mixing should be covered as an exception, even though the even harmonics of the RX conversion gain is lower than the odd harmonics, there is sufficient gain along with reduced isolation that can impact REFSENS. Analysis for the harmonic mixing is shown in the appendix.
Table 2.2-1: Reference sensitivity exceptions due to harmonic mixing for CA in NR FR1

	NR Band / Channel bandwidth of the affected DL band

	UL band
	DL band
	5 MHz

(dB)
	10 MHz

(dB)
	15 MHz

(dB)
	20 MHz

(dB)
	25 MHz

(dB)
	30

MHz(dB)
	40 MHz

(dB)
	50 MHz

(dB)
	60 MHz

(dB)
	70

MHz(dB)
	80 MHz

(dB)
	90 MHz

(dB)
	100 MHz

(dB)

	n46
	n481
	22.6
	19.5
	17.8
	16.6
	
	
	14
	13.1
	12.6
	12
	12
	12
	12

	n96
	n482
	5.8
	3.7
	2.7
	2.2
	
	1.6
	1.2
	1.0
	0.8
	0.7
	0.6
	0.6
	0.5

	NOTE 1:
The requirements should be verified for UL NR-ARFCN of the aggressor (high) band (superscript HB) such that 
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Table 2.2-2: Reference sensitivity exceptions due to harmonic mixing for CA in NR FR1

	Operating band / SCS / Channel bandwidth / Duplex-mode

	Operating Band
	SCS kHz
	5

MHz
(dBm)
	10

MHz
(dBm)
	15

MHz
(dBm)
	20

MHz
(dBm)
	25

MHz
(dBm)
	30

MHz (dBm)
	40

MHz
(dBm)
	50

MHz
(dBm)
	60

MHz
(dBm)
	70

MHz
(dBm)
	80

MHz
(dBm)
	90

MHz
(dBm)
	100 MHz
(dBm)
	Duplex Mode

	n46
	15
	12
	25
	36
	50
	
	
	100
	100
	100
	100
	100
	100
	100
	TDD

	n96
	15
	25
	50
	75
	100
	
	100
	100
	100
	100
	100
	100
	100
	100
	TDD


Proposal 2: Use harmonic mixing MSD for CA_n48-n96 fallback combination of CA_n46-n48-n96 as shown in Tables 2.2-1 and 2.2-2. 
2.3. Crossband noise
Analysis for crossband noise is shown in the appendix, and MSDs are populated in Tables 2.3-1 and 2.3-2. Both directions for the fallback combinations of CA_n46-n48-n96 need to be analyzed. CA_n46A-n48A is already completed, but in our view, the MSD seems to be underestimated for CA_n46A-n48A, especially when n48 is transmitting and n46 is receiving. The TX noise is wideband and should increase with the thermal noise and so the MSD should be constant over the RX BW as shown. Even with the co-banded filter of n46 and n96, the TX noise within the n96 frequency band should be sufficiently attenuated by the n48/n77 co-banded filter resulting in relatively lower crossband noise MSD compared to CA_n46-n48. 
Table 2.3-1: MSD due to cross band isolation

	Operating Band / Channel bandwidth of the affected DL band

	CA Configuration
	UL band
	DL band
	5
MHz (dB)
	10
MHz (dB)
	15
MHz (dB)
	20
MHz (dB)
	25
MHz (dB)
	30 MHz (dB)
	40 MHz (dB)
	50 MHz (dB)
	60 MHz (dB)
	80 MHz (dB)
	90 MHz (dB)
	100 MHz (dB)

	CA_n46A-n48A
	n46
	n48
	13.3
	13.3
	11.8
	10.7
	-
	9.4
	8.5
	7.9
	7.3
	7.0
	6.4
	6.2

	
	n48
	n46
	-
	-
	-
	15.7
	-
	-
	15.7
	-
	15.7
	15.7
	-
	-

	CA_n48A-n96A
	n96
	n48
	4.3
	4.1
	4.0
	3.9
	
	3.9
	3.9
	3.9
	3.8
	3.8
	3.8
	3.8

	
	n48
	n96
	
	
	
	5.8
	
	
	5.6
	
	5.5
	5.5
	
	


Table 2.3-2: Uplink configuration for reference sensitivity exceptions due to cross band isolation

	Operating Band / SCS / Channel bandwidth of the affected DL band

	UL band
	DL band
	SCS of UL band (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	n46
	n48
	30
	216
	216
	216
	216
	
	
	216
	216
	216
	216
	216
	216

	n48
	n46
	15
	
	
	
	216
	
	
	216
	
	216
	216
	
	

	n96
	n48
	30
	216
	216
	216
	216
	
	216
	216
	216
	216
	216
	216
	216

	n48
	n96
	15
	
	
	
	216
	
	
	216
	
	216
	216
	
	

	NOTE 1:
The UL configuration applies regardless of the channel bandwidth of the UL band unless the UL resource blocks exceed that specified in Table 7.3.2-3 for the uplink bandwidth in which case the allocation according to Table 7.3.2-3 applies.

NOTE 2:
Refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth in Table 5.3.2-1.


Proposal 3: Use cross band MSD for fallback combinations of CA_n46-n48-n96 as shown in Tables 2.3-1 and 2.3-2 and revisit the existing crossband noise between the fallback combination of CA_n46-n48.
3. Conclusion

Observation 1: No IMD3 can occur with n48 TX and n46 TX with victim n96 RX since there is no n96 RX while n46 is transmitting.

Observation 2: 2nd UL harmonic and 2nd order harmonic mixing is possible

Observation 3: Crossband noise between n48 and both n46/n96 bands in both directions is possible and fallback combinations need to be analyzed.
Proposal 1: Define exclusion region for n48 2nd harmonic as shown in Tables 2.1-2 using the existing specification framework. 
Proposal 2: Use harmonic mixing MSD for CA_n48-n96 fallback combination of CA_n46-n48-n96 as shown in Tables 2.2-1 and 2.2-2. 
Proposal 3: Use cross band MSD for fallback combinations of CA_n46-n48-n96 as shown in Tables 2.3-1 and 2.3-2 and revisit the existing crossband noise between the fallback combination of CA_n46-n48.
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4. Analysis
4.1. UL Harmonic
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4.2. Harmonic Mixing
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4.3. Crossband noise
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