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1 Introduction
In Rel-18, CA_n40A-n41A was specified to be applied to simultaneous Rx-Tx requirements. However, CA_n8A-n40A-n41A, CA_n28A-n40A-n41A and CA_n40A-n41A-n79A, as the parent band combinations should also support simultaneous Rx-Tx. This paper is to discuss the MSD requirement for the combos.
2 Discussion
2.1
Operating bands for CA
Table 2.1-1: Inter-band CA operating bands involving FR1

	NR CA Band
	NR Band

(Table 5.2-1)
	DL interruption allowed (Note 4)

	CA_n8-n40-n41
	n8, n40, n41
	

	CA_n28-n40-n41
	n28, n40, n41
	

	CA_n40-n41-n791,2
	n40, n41, n79
	No for CA n40-n79, 
CA n41-n79

	NOTE 1:
The frequency range below 2506 MHz for Band n41 is not used in this band combination.

NOTE 2:
Applicable for frequency range above 4800 MHz for Band n79 in this band combination.
NOTE 4:
Applicable when dynamic Tx switching is conducted across 2 UL bands. The DL interruption requirement is specified in clause 8.2.2.2.10 of 38.133 [13].


2.2
∆TIB and ∆RIB
The ΔTIB,c are specified in Table 2.2-1.

Table 2.2-1: ΔTIB,c 

	Inter-band CA combination
	ΔTIB,c for NR bands (dB)8

	
	Component band in order of bands in configuration9

	CA_n8-n40-n41
	0.3
	0.3
	0.3

	CA_n28-n40-n41
	0.3
	0.5
	0.5

	CA_n40-n41-n79
	0.5
	0.5
	0.8

	NOTE 8:
“-” denotes ΔTIB,c = 0.

NOTE 9:
The component band order in the configuration should be listed by the order of NR bands, such as for CA_n1-n3-n5 the band order from left to right is n1, n3 and n5.


Table 2.2-2: ΔRIB,c 

	Inter-band CA combination
	ΔTIB,c for NR bands (dB)9

	
	Component band in order of bands in configuration10

	CA_n40-n41-n79
	0.5
	0.5
	0.8

	NOTE 9:
 “-” denotes ΔRIB,c = 0.
NOTE 10:  The component band order in the configuration should be listed by the order of NR bands, such as for CA_n1-n3-n8 the band order from left to right is n1, n3 and n8.


It is noted that ΔTIB,c and ΔRIB,c reflect the possible UE architecture to support the CA band combination.

2.3
MSD analysis for simultaneous Rx/Tx

For UE coexistence study of Band n8 + Band n41, 2nd, 3rd, 4th and 5th order intermodulation products were calculated and presented in Table 2.3-1.
Table 2.3-1 IMD analysis for UL n8+n41-> DL n40

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	880
	915
	2496
	2690

	Two tone 2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	1581
	1810
	3376
	3605

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	930
	666
	4077
	4500

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	4256
	4520
	5872
	6295

	Two-tone 4th order IMD products
	|3*fx_low – fy_high|
	|3*fx_high – fy_low|
	|3*fy_low – fx_high|
	|3*fy_high – fx_low|

	IMD frequency limits (MHz)
	50
	55
	6573
	7190

	Two-tone 4th order IMD products
	|3*fx_low + fy_low|
	|3*fx_high + fy_high|
	|3*fy_low + fx_low|
	|3*fy_high + fx_high|

	IMD frequency limits (MHz)
	5136
	5435
	8368
	8985

	Two-tone 4th order IMD products
	|(2*fy_low – 2*fx_high)|
	|(2*fy_high – 2*fx_low)|
	|2*fx_low + 2*fy_low|
	|2*fx_high + 2*fy_high|

	IMD frequency limits (MHz)
	3162
	3620
	6752
	7210

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	9880
	9069
	1164
	830

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	10864
	11675
	6016
	6350

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	6310
	5658
	2247
	2740

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	9248
	9900
	7632
	8125


5th order IMD generated by dual uplink of Band n41 + Band n8 may fall into Rx of Band n40.
For UE coexistence study of Band n28 + Band n40, 2nd, 3rd, 4th and 5th order intermodulation products were calculated and presented in Table 2.3-2.
Table 2.3-2 IMD analysis for UL n28+n40-> DL n41

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	703
	748
	2300
	2400

	Two tone 2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	1552
	1697
	3003
	3148

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	994
	804
	3852
	4097

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	3706
	3896
	5303
	5548

	Two-tone 4th order IMD products
	|3*fx_low – fy_high|
	|3*fx_high – fy_low|
	|3*fy_low – fx_high|
	|3*fy_high – fx_low|

	IMD frequency limits (MHz)
	291
	156
	6152
	6497

	Two-tone 4th order IMD products
	|3*fx_low + fy_low|
	|3*fx_high + fy_high|
	|3*fy_low + fx_low|
	|3*fy_high + fx_high|

	IMD frequency limits (MHz)
	4409
	4644
	7603
	7948

	Two-tone 4th order IMD products
	|(2*fy_low – 2*fx_high)|
	|(2*fy_high – 2*fx_low)|
	|2*fx_low + 2*fy_low|
	|2*fx_high + 2*fy_high|

	IMD frequency limits (MHz)
	3104
	3394
	6006
	6296

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	8897
	8452
	692
	412

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	9903
	10348
	5112
	5392

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	5794
	5404
	2356
	2691

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	8306
	8696
	6709
	7044


5th order IMD generated by dual uplink of Band n40 + Band n28 may fall into Rx of Band n41
In R4-2000476, the 2nd order IMD generated by n40+n41 falling into part of own band n79 has been analyzed. Before Rel-18, UE supports CA_n40-n41 without simultaneous Rx/Tx. 

For UE coexistence study of Band n41 + Band n79, 2nd, 3rd, 4th and 5th order intermodulation products were calculated and presented in Table 2.3-3.
Table 2.3-3 IMD analysis for UL n41+n79-> DL n40
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	2506
	2690
	4800
	5000

	Two tone 2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	2110
	2494
	7306
	7690

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	12
	580
	6910
	7494

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	9812
	10380
	12106
	12690

	Two-tone 4th order IMD products
	|3*fx_low – fy_high|
	|3*fx_high – fy_low|
	|3*fy_low – fx_high|
	|3*fy_high – fx_low|

	IMD frequency limits (MHz)
	2518
	3070
	11710
	12494

	Two-tone 4th order IMD products
	|3*fx_low + fy_low|
	|3*fx_high + fy_high|
	|3*fy_low + fx_low|
	|3*fy_high + fx_high|

	IMD frequency limits (MHz)
	12318
	13070
	16906
	17690

	Two-tone 4th order IMD products
	|(2*fy_low – 2*fx_high)|
	|(2*fy_high – 2*fx_low)|
	|2*fx_low + 2*fy_low|
	|2*fx_high + 2*fy_high|

	IMD frequency limits (MHz)
	4220
	4988
	14612
	15380

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	17494
	16510
	5960
	5024

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	21706
	22690
	14824
	15760

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	9988
	9020
	1530
	2482

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	19412
	20380
	17118
	18070


For UE coexistence study of Band n40 + Band n79, 2nd, 3rd, 4th and 5th order intermodulation products were calculated and presented in Table 2.3-4.
Table 2.3-4 IMD analysis for UL n40+n79-> DL n41
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	2300
	2400
	4400
	5000

	Two tone 2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	2400
	2700
	7100
	7400

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	400
	0
	7200
	7700

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	9400
	9800
	11900
	12400

	Two-tone 4th order IMD products
	|3*fx_low – fy_high|
	|3*fx_high – fy_low|
	|3*fy_low – fx_high|
	|3*fy_high – fx_low|

	IMD frequency limits (MHz)
	1900
	2200
	12000
	12700

	Two-tone 4th order IMD products
	|3*fx_low + fy_low|
	|3*fx_high + fy_high|
	|3*fy_low + fx_low|
	|3*fy_high + fx_high|

	IMD frequency limits (MHz)
	11700
	12200
	16700
	17400

	Two-tone 4th order IMD products
	|(2*fy_low – 2*fx_high)|
	|(2*fy_high – 2*fx_low)|
	|2*fx_low + 2*fy_low|
	|2*fx_high + 2*fy_high|

	IMD frequency limits (MHz)
	4800
	5400
	14200
	14800

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high| 
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	17700
	16800
	4800
	4200

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	21500
	22400
	14000
	14600

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	10400
	9600
	2400
	3100

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	19000
	19800
	16500
	17200


2nd order and 5th order IMD generated by dual uplink of Band n41 + Band n79 may fall into Rx of Band n40.

2nd order and 5th order IMD generated by dual uplink of Band n40 + Band n79 may fall into Rx of Band n41.

The general linearity parameters are shown below.

	Component
	IP2(dBm)
	IP5(dBm)

	Antenna switch
	112
	53

	Diplexer
	115
	53

	Duplexer
	110
	53

	PA forward mixing
	28
	27

	PA reverse mixing
	40
	32

	LNA
	5
	-10


The filter attenuation/isolation and PCB isolation are shown below.

	n8 Tx Rejection at n40 Rx
	45

	n8 Tx Rejection at n41 Tx
	40

	n28 Rx Rejection at n40 Tx
	41

	n28 Tx Rejection at n41 Rx
	41

	n41 Tx Rejection at n8 Tx
	40

	n41 Rx Rejection at n28 Tx
	40

	n41 Tx Rejection at n40 Tx
	40

	n41 Tx Rejection at n79 Rx
	35

	n40 Rx Rejection at n8 Tx
	40

	n40 Tx Rejection at n28 Tx
	40

	n40 Tx Rejection at n41 Tx
	40

	n40 Tx Rejection at n79 Rx
	35

	n79 Rx Rejection at n40 Tx
	40

	n79 Tx Rejection at n41 Rx
	40

	Diplexer isolation
	15

	PCB isolation
	60


Table 2.3-5 IMD for simultaneous Rx-Tx with higher order combos of CA_n40A-n41A
	CA_n8-n40-n41
	n8
	895
	5
	25
	940
	N/A
	FDD
	N/A

	
	n40
	N/A
	5
	N/A
	2355
	3.58
	TDD
	IMD5

	
	n41
	2520
	10
	50
	2520
	N/A
	TDD
	N/A

	CA_n28-n40-n41
	n28
	740
	5
	25
	795
	N/A
	FDD
	N/A

	
	n40
	2380
	5
	25
	2380
	N/A
	TDD
	N/A

	
	n41
	N/A
	10
	N/A
	2540
	3.52
	TDD
	IMD5

	CA_n40-n41-n79
	n40
	N/A
	5
	N/A
	2335
	23.5
	TDD
	IMD21

	
	n41
	2545
	10
	50
	2545
	N/A
	TDD
	N/A

	
	n79
	4880
	40
	216
	4880
	N/A
	TDD
	N/A

	
	n40
	2340
	5
	25
	2340
	N/A
	TDD
	N/A

	
	n41
	N/A
	10
	N/A
	2540
	26.2
	TDD
	IMD21

	
	n79
	4880
	40
	216
	4880
	N/A
	TDD
	N/A

	NOTE 1:
This band is subject to IMD5 also which MSD is not specified.


Proposal 1: The MSD due to simultaneous Rx-Tx applied to CA_n8-n40-n41, CA_n28-n40-n41 and CA_n40A-n41A-n79A should be should be defined.
3 Conclusion
This contribution provides analysis on simultaneous Rx/Tx for the higher order band combinations of CA_n40-n41.

Proposal 1: The MSD due to simultaneous Rx-Tx applied to CA_n8-n40-n41, CA_n28-n40-n41 and CA_n40A-n41A-n79A should be should be defined.
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