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1 Introduction

In the last RAN4 meeting, a CR to introduce power class 2 requirements for the band combination Band 3 and Band n41 was raised but not approved [1]. This is because MSD issues should be verified firstly for each band combination supporting PC2 before it is introduced into the spec. In order to address this issue for high power UE for DC_3_n41, this contribution tries to give some analysis.

2 Discussion

According to the TR37.815 [2], the required changes in UE RF specification TS 38.101-3 are shown in the following table 1 for NSA high power UE. From the table, some of Rx requirements highlighted with yellow shall be re-evaluated due to the high power on UL. 
Table 1: Required changes in TS 38.101-3 (cited from TR37.815 [2])
	Clause
	Requirement
	Required changes in TS 38.101-3 compared to the same band combination for power class 3

	6.2B.1
	UE maximum output power for EN-DC
	Add power class 2 for inter-band EN-DC. The additional details of power class for LTE and NR may be also needed

	6.2B.4.1.3
	Configured output power for inter-band EN-DC within FR1
	It shall be verified whether the existing Pcmax for inter-band EN-DC can be applied to HP UE. Some changes shall be needed to address SAR issue.

	7.3B.2.3.1
	Reference sensitivity exceptions due to UL harmonic interference for EN-DC in NR FR1
	No changes for case 1

No changes for case 2 considering the harmonic product of TDD band (high band) would not be possible to affect the lower FDD band. 

	7.3B.2.3.2
	MSD due to receiver harmonic mixing for EN-DC in NR FR1
	No changes for case 1

MSD value may need to be re-evaluated for case 2

	7.3B.2.3.3
	Reference sensitivity exceptions due to close proximity of bands for EN-DC in NR FR1
	No changes for case 1

MSD value may need to be re-evaluated for case 2

	7.3B.2.3.4
	Reference sensitivity exceptions due to cross band isolation for EN-DC in NR FR1
	No changes for case 1

MSD value may need to be re-evaluated for case 2


	7.3B.2.3.5
	Reference sensitivity exceptions for intermodulation interference due to dual uplink operation for EN-DC in NR FR1
	MSD value may need to be re-evaluated for case 1 and case 2




From the current specification 38.101-3[3], for the band combination of band 3 and band n41, the MSD due to the cross band isolation and IMD4 should be considered as illustrated in table 2 and table 3. 

Table 2 MSD due to cross band isolation for DC_3_n41 (selected from the Table 7.3B.2.3.4-1 in Ts38.101-3 Rel.16)
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	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)

	3
	n41
	
	0.7
	0.7
	0.7
	
	
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7

	n41
	3
	0.6
	0.6
	0.6
	0.6
	
	
	
	
	
	
	
	


Table 3 MSD due to intermodulation interference for DC_3_n41 (selected from the Table 7.3B.2.3.4-1 in Ts38.101-3 Rel.16)
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	3
	1740
	5
	25
	1835
	8.2
	IMD4

	n41
	2657.5
	10
	50
	2657.5
	N/A
	N/A


Since the power class for FDD is always PC3 regardless of case 1 and case 2, the MSD for PC3 due to cross band isolation that UL band 3 falling into DL band n41 could be reused for both case 1 and case 2. Thus, for cross band isolation, only the MSD value for case 2 due to UL band n41 falling into DL band 3 need to reevaluated. For intermodulation interference, since the existing requirement for PC3 for EN-DC is evaluated assuming that the total power class is 23dBm. More specifically, 20dBm is assumed as the maximum output power for LTE and NR respectively. Thus the IMD4 falling into Band 3 need to be re-evaluated for both case 1 and case 2.
Observation 1: No changes on MSD value due to cross band isolation for PC2 case 1 compared to PC3 for DC_3-n41
Observation 2: The Rx requirements below need to be reevaluated for high power UE for DC _3_n41.

1. MSD value for case 2 due to cross band isolation that UL band n41 falling into DL band3

2.  MSD value due to IMD4 falling into Band3 for both case 1 and case 2.
2.1
MSD due to Cross band isolation

The 0.6 dB MSD due to cross band isolation for DC_3_n41 comes from the similar band combination DC_25_n41 based on contribution [4], in which 32 dB rejection is assumed for Band 41 filter. Other assumptions are shown in table 4. (Note: For PC2, the noise @ Band 3 Rx band for Band 41 PA shall be increased compared to PC3 considering higher output power)
Table 4 assumptions for estimating MSD

	Band n41 PA noise @Band 3 Rx (dBm/Hz)
	-121

	RFIC IIP2 (dBm)
	50

	n41 front end filter Loss (dB)
	4

	n3 front end filter Loss (dB)
	4

	n41 LO phase noise (dBc/Hz)
	-154

	Diplexer (dB)
	12

	Band 3 Rx rejection @ n41 Tx
	45

	isolation n41Tx to band 3Rx
	32

	Antenna ISO (dB)
	10


Base on the above assumptions, the MSD values are derived as follow by using MRC combining.

Table 5 MSD due to cross band isolation for PC2 for DC_3_n41 for case 2 (23dBm +26dBm)
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	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)

	3
	n41
	
	0.7
	0.7
	0.7
	
	
	0.7
	0.7
	0.7
	0.7
	0.7

	n41
	3
	2.2
	2.2
	2.2
	2.2
	
	
	
	
	
	
	


Proposal 1: The MSD value due to cross band isolation in table 5 is proposed for PC2 case 2 for DC_3-n41.
2.2
MSD due to IMD4

According to the agreed UL power configuration in [5], 23 dBm shall be assumed for LTE and NR in both case 1 and case 2 when considering intermodulation interference due to dual uplink operation. Based on the following assumptions in table 2 and 3, we propose the MSD levels as Table 4 below
Table 6 RF-front component linearity IP2 and IP4 parameters

	
	IP2 (dBm)
	IP4 (dBm)

	Ant. Switch
	112
	56

	Diplexer
	115
	55

	Duplexer
	100
	55

	PA Forward
	27
	32

	PA Reversed
	38
	33

	LNA
	5
	-6


Table 7 the isolation parameters

	Isolation Parameter
	Value (dB)
	Comment

	Antenna to Antenna
	10
	Main antenna to diversity antenna

	PA (out) to PA (in)
	65
	PCB isolation (PA forward mixing)

	PA (out) to PA (out)
	57
	L-H/H-L cross-band (diplexer + duplexer)

	PA (out) to LNA (in)
	44
	L-H/H-L cross-band (diplexer + filter @ n41)

	Duplexer
	45
	Tx band rejection at Rx band


Table 8 MSD value for PC2 for DC_3_n41
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	3
	1740
	5
	25
	1835
	18.8
	IMD4

	n41
	2657.5
	10
	50
	2657.5
	N/A
	N/A


Proposal 2: The MSD value due to IMD4 as illustrated in table 8 is proposed for both PC2 case 1 and case 2 for DC_3-n41.
3 Conclusion

In this paper, we give the initial analysis on the Rx desense requirements for DC_3_n41 due to high power UE. Base on the analysis, we give the following observations and proposals for high power DC_3_n41:
Observation 1: No changes on MSD value due to cross band isolation for PC2 case 1 compared to PC3 for DC_3-n41
Observation 2: The Rx requirements below need to be reevaluated for high power UE for DC _3_n41.

1. MSD value for case 2 due to cross band isolation that UL band n41 falling into DL band3

2.  MSD value due to IMD4 falling into Band 3 for both case 1 and case 2.

Proposal 1: The MSD value due to cross band isolation in table 5 is proposed for PC2 case 2 for DC_3-n41.
Proposal 2: The MSD value due to IMD4 as illustrated in table 8 is proposed for both PC2 case 1 and case 2 for DC_3-n41.
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