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1. Introduction
In this document, we briefly discuss the feasibility as well as present the MSD analysis for CA_n29A-n71A.
2. Discussion
Introduction of CA_n29_n71 poses some interesting challenges. Below is the spectral space of band n71 with respect to band n29. As per the last communication with the proponent of the band combination, no coexistence needs to be defined with n12, but several challenges remain:
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First, the architecture assumed for the LB-LB combination assumes availability of a triplexer design to allow for n71 TX, n71 RX, and n29 RX on each of 2 antennas to allow for 2 x 2 operation. The triplexer filter data should now be available, but MSD can be analyzed for various rejection values if there are varying implementations of the actual filter design or technology. Second, the new extended 600MHz band that extends below the lower edge of n71 RX and beyond the upper edge of n71 TX by 5MHz will impact the rejection of n71 TX noise into n29 RX. Third, the LB frequency span of the band combination poses an antenna tuning issue and could significantly impact Total Isotropic Sensitivity (TIS) and therefore prevent certification of devices. Due to the low frequency of operation and the wide span of the lower edge frequency of n71RX and the upper edge frequency of n29RX, the antenna cannot be optimally tuned for either n71 or n29. There will need to be a sacrifice in antenna VSWR of one band over the other unless some complicated dual band antenna tuning is implemented. As much as degradation of VSWR of 6:1 can be observed in band n29 with practical single band tuning optimized for band n71 as shown in figure 1.
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Figure 1: Antenna S11 Vs frequency for LB-LB conifuguration on single antenna

Observation 1: As much as degradation of VSWR of 6:1 can be observed in band n29 with practical single band tuning optimized for band n71. Impact of TIS will be observed and could prevent device certification.
2.1. RB Configurations for Analysis
Regardless of the challenges, we can still estimate the MSD assuming perfect antenna tuning. To account for the new extended 600MHz band and varying implementations of a triplexer, we calculate MSD based on 3 different rejection values of n71TX in n29RX band. We also restrict the RB allocation to what we would have for n71 stand alone REFSENS since the duplex offset of n71 TX-RX is larger than the frequency span of n71TX to n29RX. It makes no sense to analyze any UL configuration larger than the stand-alone UL configuration. Various RB allocation test points are chosen to bring the worst contribution to the MSD. For example, the RB allocation can be lowered and shifted so that all TX distortion lies within the n29RX channel BW but because the UL configuration is lower, the TX RXBN will be lower. Conversely, the UL configuration can be kept high and positioned closer to n29RX to maximize TX RXBN, but the not all the TX distortion can fall in the n29RX channel BW. Below are the cases tested and descriptions. 
MSD arises from various noise source components. There is the TX RXBN due to proximity of n71TX to n29RX. There is the 5th order distortion that is a composite of the 5th order baseband distortion and the intermodulation of the TX signal with the CIM3 distortion. Finally, there is a smaller 3rd order spillover component or adjacent noise of the image folding with the TX signal. All these components add in some fashion and RB allocation is critical in bringing out the worst case in any one of these components. The assumptions for baseband distortion are CIM3 = -60dBc and CIM5 = -70dBc. PA is calibrated for -30dBc at MPR = 1dB. All values used in the analysis are measured quantities.
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20+10_20RB86 20 10 UL RBs closest to n29 RX, Maxmium TX RXBN, some 5th order

20+5L_20RB86 20 5 UL RBs closest to n29 RX, Maxmium TX RXBN, 5MHz RXBW closest to n71 TX, some 5th order

20+5H_20RB86 20 5 UL RBs closest to n29 RX, Maxmium TX RXBN, 5MHz RXBW furthest from  n71 TX, some 5th order

20+10_10RB86 20 10 UL RBs offset channel edge, Maxmium 5th order distortion filling 10MHz DL BW

20+5L_5RB86 20 5 UL RBs offset channel edge, Maxmium 5th order distortion filling lower 5MHz DL BW

20+5H_5RB91 20 5 UL RBs offset channel edge, Maxmium 5th order distortion filling upper 5MHz DL BW

15+10_20RB59 15 10 UL RBs closest to n29 RX, Maxmium TX RXBN, some 5th order

15+5L_20RB59 15 5 UL RBs closest to n29 RX, Maxmium TX RXBN, 5MHz RXBW closest to n71 TX, some 5th order

15+5H_20RB59 15 5 UL RBs closest to n29 RX, Maxmium TX RXBN, 5MHz RXBW furthest from  n71 TX, some 5th order

15+10_10RB69 15 10 UL RBs offset channel edge, Maxmium 5th order distortion filling 10MHz DL BW

15+5L_5RB69 15 5 UL RBs offset channel edge, Maxmium 5th order distortion filling lower 5MHz DL BW

15+5H_5RB74 15 5 UL RBs offset channel edge, Maxmium 5th order distortion filling upper 5MHz DL BW

10+10_25RB27 10 10 UL RBs closest to n29 RX, Maxmium TX RXBN, no 5th porder

10+5L_25RB27 10 5 UL RBs closest to n29 RX, Maxmium TX RXBN, 5MHz RXBW closest to n71 TX, no 5th order

10+5H_25RB27 10 5 UL RBs closest to n29 RX, Maxmium TX RXBN, 5MHz RXBW furthest from  n71 TX, no 5th order

5+10_25RB0 5 10 UL RBs closest to n29 RX, Maxmium TX RXBN, no 5th porder

5+5L_25RB0 5 5 UL RBs closest to n29 RX, Maxmium TX RXBN, 5MHz RXBW closest to n71 TX, no 5th order

5+5H_25RB0 5 5 UL RBs closest to n29 RX, Maxmium TX RXBN, 5MHz RXBW furthest from  n71 TX, no 5th order

20+10_20RB0 20 10 UL RBs closest to n71 RX, no 5th order

20+5L_20RB0 20 5 UL RBs closest to n71 RX, 5MHz RXBW closest to n71 TX, no 5th order

20+5H_20RB0 20 5 UL RBs closest to n71 RX, 5MHz RXBW furthest from  n71 TX, no 5th order

15+10_20RB0 15 10 UL RBs closest to n71 RX, no 5th order

15+5L_20RB0 15 5 UL RBs closest to n71 RX, 5MHz RXBW closest to n71 TX, no 5th order

15+5H_20RB0 15 5 UL RBs closest to n71 RX, 5MHz RXBW furthest from  n71 TX, no 5th order

10+10_25RB0 10 10 UL RBs closest to n71 RX, no 5th order

10+5L_25RB0 10 5 UL RBs closest to n71 RX, 5MHz RXBW closest to n71 TX, no 5th order

10+5H_25RB0 10 5 UL RBs closest to n71 RX, 5MHz RXBW furthest from  n71 TX, no 5th order


Table 2.1-1: Test Case allocations and configuration for Worst case TX RXBN or Worst-case 5th order landing in DL BW for 15Mhz/20MHz UL channel BWs. Other cases are listed as with allocations closer to n71DL as well. No RB allocations greater than 20RBs are used.
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Combo RXBN 3rd order5th order Comp TXBW RXBW TX RX TX-RX NRB RBoffpos

20+10_20RB86 -107.2 -70.5 -64 -63.1 20 10 688.0 722.0 34.0 20 0

20+5L_20RB86 -105.0 -71.1 -72.4 -68.7 20 5 688.0 719.5 31.5 20 0

20+5H_20RB86 -111.0 -82.4 -64.7 -64.6 20 5 688.0 724.5 36.5 20 0

20+10_10RB86 -113.1 -1000.0 -62.4 -62.4 20 10 688.0 722.0 34.0 10 10

20+5L_5RB86 -114.7 -1000.0 -62.4 -62.4 20 5 688.0 719.5 31.5 5 15

20+5H_5RB91 -117.4 -1000.0 -62.4 -62.4 20 5 688.0 724.5 36.5 5 10

15+10_20RB59 -109.8 -81.9 -67.2 -67.1 15 10 690.5 722.0 31.5 20 0

15+5L_20RB59 -107.9 -82.4 -67.4 -67.3 15 5 690.5 719.5 29.0 20 0

15+5H_20RB59 -113.3 -89.0 -80.2 -79.7 15 5 690.5 724.5 34.0 20 0

15+10_10RB69 -113.7 -1000.0 -62.4 -62.4 15 10 690.5 722.0 31.5 10 0

15+5L_5RB69 -113.5 -1000.0 -62.4 -62.4 15 5 690.5 719.5 29.0 5 5

15+5H_5RB74 -114.1 -1000.0 -62.4 -62.4 15 5 690.5 724.5 34.0 5 0

10+10_25RB27 -104.2 -1000.0 -1000 -997.0 10 10 693.0 722.0 29.0 25 0

10+5L_25RB27 -102.0 -1000.0 -1000 -997.0 10 5 693.0 719.5 26.5 25 0

10+5H_25RB27 -109.4 -1000.0 -1000 -997.0 10 5 693.0 724.5 31.5 25 0

5+10_25RB0 -104.9 -1000.0 -1000 -997.0 5 10 695.5 722.0 26.5 25 0

5+5L_25RB0 -102.9 -1000.0 -1000 -997.0 5 5 695.5 719.5 24.0 25 0

5+5H_25RB0 -108.9 -1000.0 -1000 -997.0 5 5 695.5 724.5 29.0 25 0

20+10_20RB0 -119.2 -1000.0 -1000 -997.0 20 10 688.0 722.0 34.0 20 86

20+5L_20RB0 -118.6 -1000.0 -1000 -997.0 20 5 688.0 719.5 31.5 20 86

20+5H_20RB0 -119.9 -1000.0 -1000 -997.0 20 5 688.0 724.5 36.5 20 86

15+10_20RB0 -119.1 -1000.0 -1000 -997.0 15 10 690.5 722.0 31.5 20 59

15+5L_20RB0 -118.3 -1000.0 -1000 -997.0 15 5 690.5 719.5 29.0 20 59

15+5H_20RB0 -119.9 -1000.0 -1000 -997.0 15 5 690.5 724.5 34.0 20 59

10+10_25RB0 -109.7 -1000.0 -1000 -997.0 10 10 693.0 722.0 29.0 20 27

10+5L_25RB0 -107.7 -1000.0 -1000 -997.0 10 5 693.0 719.5 26.5 25 27

10+5H_25RB0 -113.6 -1000.0 -1000 -997.0 10 5 693.0 724.5 31.5 25 27


Table 2.1-2: Measured TX RXBN, 3rd order spill-over, and 5th order composite distortion for configurations used in Table 2.1-1. All quantities in this table are referred to the PA output.
2.2. MSD Analysis
MSD for all the possible scenarios were analyzed using the measured parameters in section 2.1 for various TX-RX rejection values. The details are shown for the specific example which is the potential candidate for the final MSD because of the TX BW, RX BW, and the UL configuration. Although the triplexer gives decent rejection for the TX-RX response from 71TX to 29RX, the ANT-TX response trying to reject 29RX is not as good preventing good performance on the secondary RX path in terms of TX RXBN as well as TX blocking. Triplexer performance is shown in Table 2.2-1. 
Observation 2: The ANT-TX attenuation is barely sufficient to meet the 20MHz UL BW UE-UE coexistence TX emission requirement of -38dBm/MHz in 29DL especially for UEs implementing the 600M+ band, even though such a level degrades the secondary RX path from an MSD standpoint. 
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Table 2.2-1: Triplexer performance on a single antenna.

The associated MSD analysis for 5MHz and 10MHz DL using 20MHz UL BW with 20RBs closer to n29DL is shown in Table 2.2-2. The MSD is shown to be almost constant as a function of DL BW.
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SDL n29 REFSENS

Self Desense PRX DRX

BW 9.36 9.36

FELoss 4 4

Po_dBm 23

TX_noise_dBm/Hz -107.2

RX_IIP2, dBm 54

Comp_dBc -63.1

Ant -10 -10

TX_RX_iso_RX_dB -50 -25

TX_RX_iso_TX_dB -50 -30

HD5_Emission_dBm -82.1 -71.1

TX_IM2 -102.0 -94.0

Tx_noise -83.5 -76.5

TX_total -79.7 -70.0

Themal -89.8 -89.8

Composite -79.3 -70.0

MRC REFSENS -78.8

MSD 15.0

3GPP REFSENS -93.8
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SDL n29 REFSENS

Self Desense PRX DRX

BW 4.5 4.5

FELoss 4 4

Po_dBm 23

TX_noise_dBm/Hz -105.0

RX_IIP2, dBm 54

Comp_dBc -68.7

Ant -10 -10

TX_RX_iso_RX_dB -50 -25

TX_RX_iso_TX_dB -50 -30

HD5_Emission_dBm -87.7 -76.7

TX_IM2 -102.0 -94.0

Tx_noise -84.5 -77.5

TX_total -82.8 -74.0

Themal -93.0 -93.0

Composite -82.4 -74.0

MRC REFSENS -81.8

MSD 15.2

3GPP REFSENS -97
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SDL n29 REFSENS

Self Desense PRX DRX

BW 4.5 4.5

FELoss 4 4

Po_dBm 23

TX_noise_dBm/Hz -111.0

RX_IIP2, dBm 54

Comp_dBc -64.6

Ant -10 -10

TX_RX_iso_RX_dB -50 -25

TX_RX_iso_TX_dB -50 -30

HD5_Emission_dBm -83.6 -72.6

TX_IM2 -102.0 -94.0

Tx_noise -90.5 -83.5

TX_total -82.8 -72.3

Themal -93.0 -93.0

Composite -82.4 -72.2

MRC REFSENS -81.9

MSD 15.1

3GPP REFSENS -97


Table 2.2-2: MSD analysis of 20MHz UL and 5,10MHz DL with 20RBs closer to 29DL. 

The remaining MSD values for all other configurations are shown in Table 2.2-3. Note that the worst-case MSD is shown where the resource allocation is lowered and shifted to maximize distortion in the DL BW.
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20+10_20RB86 19.6 15.0 10.4

20+5L_20RB86 19.6 15.2 10.7

20+5H_20RB86 19.8 15.1 10.5

20+10_10RB86 18.8 14.1 9.6

20+5L_5RB86 21.5 16.6 11.8

20+5H_5RB91 21.4 16.5 11.7

15+10_20RB59 16.4 12.1 8.1

15+5L_20RB59 18.8 14.3 9.9

15+5H_20RB59 11.1 8.0 5.7

15+10_10RB69 18.7 14.0 9.6

15+5L_5RB69 21.6 16.7 11.9

15+5H_5RB74 21.5 16.7 11.9

10+10_25RB27 18.2 14.3 10.0

10+5L_25RB27 20.4 16.4 11.8

10+5H_25RB27 13.3 9.9 6.9

5+10_25RB0 17.6 13.7 9.5

5+5L_25RB0 19.5 15.5 11.1

5+5H_25RB0 13.8 10.3 7.1

20+10_20RB0 5.4 3.9 3.1

20+5L_20RB0 6.1 4.5 3.7

20+5H_20RB0 5.5 4.1 3.5

15+10_20RB0 5.5 4.0 3.1

15+5L_20RB0 6.3 4.7 3.8

15+5H_20RB0 5.5 4.1 3.5

10+10_25RB0 13.0 9.6 6.6

10+5L_25RB0 14.9 11.3 7.8

10+5H_25RB0 9.7 7.0 5.2

MSD Vs Rejection


. Table 2.2-3: MSD analysis for various TX-RX rejection and Vs configuration 
2.3.  Cross band noise MSD
The crossband noise MSD and UL configuration is summarized in Table 2.3-1, and 2.3-2:
Table 2.3-1: Reference sensitivity exceptions (MSD) due to cross band isolation for NR CA 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)

	n71
	n29
	[15.2]
	[15.2]
	
	
	
	
	
	
	
	
	
	
	


Table 2.3-2: Uplink configuration for reference sensitivity exceptions due to cross band isolation for NR CA FR1

	NR 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
	70
MHz
	80 MHz
	90 MHz
	100 MHz

	n71
	n29
	15
	20
	20
	
	
	
	
	
	
	
	
	
	
	


Proposal 1: Use crossband noise MSD and UL configuration as shown in Table 2.3-1 and 2.3-2.
3. Conclusion

Observation 1: As much as degradation of VSWR of 6:1 can be observed in band n29 with practical single band tuning optimized for band n71. Impact of TIS will be observed and could prevent device certification.

Observation 2: The ANT-TX attenuation is barely sufficient to meet the UE-UE coexistence TX emission requirement of -38dBm/MHz in 29DL especially for UEs implementing the 600M+ band, even though such a level degrades the secondary RX path from an MSD standpoint. 
Proposal 1: Use crossband noise MSD and UL configuration as shown in Table 2.3-1 and 2.3-2.
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