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1 Introduction

In the last RAN4#96e meeting, the SAR schemes for UE power class 2 NR inter-band CA and SUL configurations were discussed and a WF [1] was approved with the following candidate options for SAR schemes:

· Duty cycle based solutions
· Option 1: Report one total UL duty cycle capability 
· Option 2: Report the duty cycle capabilities per band
· UE implementation based solution, i.e. P-MPR
· Other options are not precluded and will be continually discussed in next meeting
This contribution will continually provide analysis on SAR schemes for UE power class 2 NR inter-band CA with 2UL.
2 Discussion 
The UE power class 2 cases for inter-band UL CA were revised to add a new case (26+23) for TDD+TDD combination in the WI [2]. So the latest power configurations of the scope will include four cases as shown below:

	
	UE power class
	NR Carrier x power class
	NR Carrier y power class

	Case a
	26dBm
	23dBm
	23dBm

	Case b
	26dBm
	23dBm
	26dBm

	Case c
	26dBm
	26dBm
	23dBm

	Case d
	26dBm
	26dBm
	26dBm


i. For case a and case b, there are two scenarios including FDD +TDD (carrier x + carrier y) and TDD +TDD (carrier x + carrier y), and the scenarios for FDD+TDD and TDD+TDD will be discussed separately.

ii. For case c and case d, there are two scenarios including TDD +TDD (carrier x + carrier y).

SAR scheme for PC2 NR inter-band CA

The detailed SAR scheme for PC2 NR inter-band CA is illustrated as following with minor modification to adapt the new adding Case c by comparing to the proposal in last meeting [3].
The equation (1) is applied between the NR Band x UL duty cycle, Band y UL duty cycle and the overall duty threshold.

DutyNR, x *( PNR,x/ P26) + DutyNR, y *(PNR, y/ P26)  ≤ Duty threshold
…(1)

PNR, x, PNR, y, P26 represent the maximum linear power (mW) of NR Band x, NR Band y, and CA power class 2 respectively; DutyNR, x, DutyNR, y represent the maximum uplink percentage of NR Band x, NR Band y respectively. Duty threshold represents the maximum UL duty cycle that can maintain the PC2 for NR inter-band CA. 
Considering each case for power configurations for NR PC2 inter-band CA, the equation (1) could be further derived as

Case a (23dBm+23dBm):  0.5*DutyNR, x + 0.5*DutyNR, y ≤ Duty threshold
… (a)
Case b (23dBm+26dBm):  0.5*DutyNR, x + DutyNR, y ≤ Duty threshold

… (b)
Case c (26dBm+23dBm):  DutyNR, x + 0.5*DutyNR, y ≤ Duty threshold

… (c)
Case d (26dBm+26dBm):  DutyNR, x + DutyNR, y ≤ Duty threshold


… (d)
It worth to note by now the NR band for PC2 inter-band CA was refrain in a single carrier, because NR intra-band CA doesn’t support PC2. In each of the case, the total maximum power cannot exceed 26dBm, since the NR inter-band CA will report the PC2 capability per band-combination. 
The DutyNR is determined by scheduling. The power configuration is sorted as Case d > Case b >Case a or Case d > Case c >Case a from higher order to lower order, and higher order case is allowed to fallback to lower order case or even PC3 CA if the total NR uplink duty cycle exceeds the duty threshold based on the equation (a, b, c or d).
Proposal 1: Report one total UL duty cycle capability for PC2 NR inter-band UL CA.

Capability reporting for SAR scheme

The main idea of Duty threshold equation in (1) is to scale the duty for both PC3 band and PC2 band to be a total duty for PC2. In last meeting, we propose to define the sub-power class under the power class 2 signalling field to distinguish power class 2 cases from numbering a to d in the contribution [3]. However, based on the received comments, it seems current method of dutycycle signalling sequence adopted by EN-DC FDD-TDD and ED-DC TDD-TDD is more straightforward and stable than proposing new format of signalling. So by following the similar signalling design as in EN-DC, we propose to signalling maxUplinkDutyCycle-CA-PC2 as the sequence as shown in the table 1.
The candidate values for dutycycle can be listed as {n50, n60, n70, n80, n90, n100}. Regarding which case to support as default, when the dutycycle signalling is absent, we propose to choose the Case a with n50 dutycycle as default for TDD+TDD CA, and choose the Case b with n50 dutycycle as default for FDD+TDD CA. 
Table 1: UE maxUplinkDutyCycle-CA-PC2 signalling

	
	UE maxUplinkDutyCycle signalling
	values
	if signalling absent
	Release independent from

	Case a
	maxUplinkDutyCycle1
	{n50, n60, n70, n80, n90, n100}
	For TDD+TDD, choose the case a with n50 dutycycle as default
	Rel-15

	Case b
	maxUplinkDutyCycle2
	{n50, n60, n70, n80, n90, n100}
	For FDD+TDD, choose the case b with n50 dutycycle as default
	Rel-15

	Case c
	maxUplinkDutyCycle3
	{n50, n60, n70, n80, n90, n100}
	
	

	Case d
	maxUplinkDutyCycle4
	{n50, n60, n70, n80, n90, n100}
	
	


Proposal 2: Report the maxUplinkDutyCycle-CA-PC2 as the sequence of maxUplinkDutyCycle[1,2,3,4] for power class 2 case [a,b,c,d] correspondingly.

Proposal 2a: Choose the Case a with n50 dutycycle as default for TDD+TDD CA, and choose the Case b with n50 dutycycle as default for FDD+TDD CA, when signalling is absent.

Release independence
With considering the UE behaviour for the case signalling absent, we would like to propose the PC2 inter-band UL CA shall be release independent from Rel-15 as same as for PC3 CA. Because some of NR TDD single carrier, e.g. Band n78, support PC2 in rel-15. CA, especially for FDD+TDD inter-band CA is composed of PC3 FDD band and PC2 TDD band. Thus, to support PC2 for inter-band CA from Rel-15 is straight forward from technical point. But it will be very benefit for the network coverage and throughput enhancement if the Rel-15 UE can transmit in high power for inter-band CA.   
Proposal 3: It is proposed to be release independent from Rel-15 for PC2 NR inter-band UL CA
3 Conclusion

In this contribution, we discussed the SAR scheme for PC2 NR inter-band CA and have the following proposals

Proposal 1: Report one total UL duty cycle capability for PC2 NR inter-band UL CA.

Proposal 2: Report the maxUplinkDutyCycle-CA-PC2 as the sequence of maxUplinkDutyCycle[1,2,3,4] for power class 2 case [a,b,c,d] correspondingly.

· Proposal 2a: Choose the Case a with n50 dutycycle as default for TDD+TDD CA, and choose the Case b with n50 dutycycle as default for FDD+TDD CA, when signalling is absent.

Proposal 3: It is proposed to be release independent from Rel-15 for PC2 NR inter-band UL CA
Proposal 4: It is proposed to define the MSD requirement as 17.8dB for PC2 CA_n1A-n78A due to IMD4. The detailed analysis can be found in annex.
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Annex band combination requirements for CA_n1A-n78A
In last RAN #89e meeting, the CA_n1A-n78A has been captured in the objectives of SAR schemes WI [2] as an example combination to define the band-combination specific requirements:  

· Example combinations as CA_n1A-n78A and CA_n41A-n79A for power class 2 NR inter-band UL CA with 2 bands uplink will be considered to specify the band-combination specific RF requirements. The detailed RF requirements and how to treat the other combinations are clarified in NOTE1
Based on this scope, this contribution will provide analysis for the specific requirements including channel bandwidth configurations, power class cases and MSD etc. for CA_n1A-n78A
A.1
Configurations
The configurations for PC2 inter-band CA shall keep same as PC3 CA as defined in Table 5.5A.3-1 of 38.101-1.
Table A.1-1: NR CA configurations and bandwidth combinations sets for supporting power class 2 

	NR CA configuration
	Uplink CA configuration
	NR Band
	SCS
(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
	Bandwidth combination set

	CA_n1A-n78A
	CA_n1A-n78A
	n1
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	0

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	
	n78
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	


A.2
Maximum output power

The maximum output power for CA_n1A-n78A is shown in the following table.

Table A.2-1 UE Power Class 2 for uplink inter-band CA (two bands)
	Uplink CA configuration
	Power class 2 cases for CA_nXA-nYA
	CA power class
	Carrier X power class
	Carrier Y power class

	CA_n1A-n78A
	Case a
	26dBm
	23dBm
	23dBm

	
	Case b
	26dBm
	23dBm
	26dBm


A.3
REFSENS requirements
This PC3 CA_n1A-n78A is subjected to the 4th order IMD issue, of which the Reference sensitivity exception requirements have been defined in Table 7.3A.5-1 of 38101. So, we reuse the frequency points related to the MSD test conditions for PC2 CA_n1A-n78A as summarized as the following table.

Table A.3-1 MSD test conditions for PC2 CA

	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA
Configuration
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n1A-n78A


	n1
	1950
	5
	25
	2140
	
	FDD
	IMD4

	
	n78
	3710
	10
	50
	3710
	N/A
	TDD
	N/A


Regarding CA_n1A-n78A, the power class 2 includes two cases of 23dBm+23dBm and 23dBm+26dBm, which will impact to the output power of PA. The increase of maximum PA output power for either case a or case b will induce further decline for reference sensitivity.

In general, we assume that PC2 CA components share the same performance as for traditional PC3 CA. Hence, the following assumptions for PC3 CA are reused when calculate the MSD for PC2 CA.
· Single antenna topology with the triplexer as RF front-end architecture. 

· The component linearity assumptions are listed in table A.3-2, and the component attenuation and isolation values are listed in table A.3-3.
Table A.3-2 General linearity parameters

	Component
	IP4 (dBm)

	Antenna switch
	56

	Diplexer
	55

	Duplexer
	55

	PA forward mixing
	30

	PA reverse mixing
	33

	LNA
	-6


Table A.3-3 Attenuation and isolation values

	Isolation Parameter
	Value (dB)
	Comment

	Antenna to Antenna
	10
	Main antenna to diversity antenna

	PA (out) to LNA (in)
	55
	Conductive isolation for L-H/H-L cross-band

	Duplexer
	50
	Tx band rejection at Rx band


A.3.1
Power class 2 case a
Based on the assumptions in section A.3, the MSD calculation for PC2 case a is show in table A.3.1-1 and corresponding MSD requirement is shown in table A.3.1-2.

Table A.3.1-1 MSD calculation for victim Rx of Band n1 for PC2 case a
	
	Main_@Antenna
	Div_@Antenna

	Total IMD (dBm)
	-64.9
	-75

	CF (dB)
	3.9
	3.9

	MSD after MRC and CF (dB)
	17.8


Table A.3.1-2 MSD requirements for CA_n1A-n78A for PC2 case a
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA
Configuration
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n1A-n78A


	n1
	1950
	5
	25
	2140
	17.8
	FDD
	IMD4

	
	n78
	3710
	10
	50
	3710
	N/A
	TDD
	N/A


A.3.2
Power class 2 case b

Based on the assumptions in section A.3, the MSD calculation for PC2 case a is show in table A.3.2-1 and corresponding MSD requirement is shown in table A.3.2-2.

Table A.3.2-1 MSD calculation for victim Rx of Band n1 for PC2 case b
	
	Main_@Antenna
	Div_@Antenna

	Total IMD (dBm)
	-61.9
	-72.0

	CF (dB)
	3.9
	3.9

	MSD after MRC and CF (dB)
	20.7


Table A.3.2-2 MSD requirements for CA_n1A-n78A for PC2 case b
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA
Configuration
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n1A-n78A


	n1
	1950
	5
	25
	2140
	20.7
	FDD
	IMD4

	
	n78
	3710
	10
	50
	3710
	N/A
	TDD
	N/A


It is worth to note that all the calculation are based on the values from PC3 CA components, except of increasing the PA output power by 3dB or 6dB. So considering the potential performance improvement for PC2 CA components, we propose to use case a as the baseline to define the MSD requirements as 17.8dB for PC2 CA_n1A-n78A.
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