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1 Introduction

In RAN#88e meeting, the new WI on power class 2 UE for NR inter-band CA and SUL configurations with 2 bands UL was approved [1]. According to the objectives in the WI, this contribution will provide analysis on SAR schemes for UE power class 2 NR inter-band CA with 2UL.
2 Discussion 
The objectives in the WI [1] for the SAR solutions for NR inter-band CA are shown as below:
1) Specify the applicable scheme for power class 2 UE to facilitate compliance with the SAR limits for band combinations of power class 2

a. For NR inter-band CA with 2 bands uplink, specify the scheme for inter-band UL CA to facilitate compliance with SAR limits for band combinations of power class 2

i. The power configurations include two 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
	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, there is one scenario including TDD +TDD (carrier x + carrier y).

iii. Consider necessary signalling for support of Case a and Case b if any

Note: RAN4 needs to discuss whether the specified RAN2 signalling UE can be reused to solve the issues in this WI. If there is RAN2 signalling impact then RAN4 will send LS to RAN2 to inform the solution. No RAN2 TUs are requested for this WI.
According to the discussion captured in TR 37.815-g00 [2], the mainstream SAR solutions include 3 schemes:

· Scheme1: the flexible overall duty threshold capability reporting
· Scheme2: the semi-flexible duty thresholds capability reporting with two fixed LTE reference configurations and flexible NR duty. 

· Scheme3: the flexible overall duty threshold capability reporting with considering the impact of each uplink band on SAR.
During the discussion in PC2 EN-DC FDD-TDD topic, the Scheme 2 was agreed as SAR solution in the WF [3] without considering the impact of each uplink band on SAR. Regarding the topic for NR inter-band uplink CA, the difference by comparing to EN-DC is NR band configuration is more flexible than LTE band configuration. So we think no need to fix one NR band configuration if refer to the solution for PC2 EN-DC. Hence, Scheme 1 will be more applicable for PC2 NR inter-band CA as SAR solution.
SAR scheme for PC2 NR inter-band CA

The detailed SAR scheme for PC2 NR inter-band CA is illustrated as follwing

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 of the 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+26dBm):  DutyNR, x + DutyNR, y ≤ Duty threshold


… (c)
It worth to note by now the NR band for PC2 represent 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. But each band power class is not required to report in the band-combination signalling cluster. 
The DutyNR is determined by scheduling. The power configuration is sorted as Case c > Case b >Case a from higher order to lowe 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).
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. As we have specified the PC2 single carrier duty reporting in 38.331, it is propose to reuse the signalling maxUplinkDutyCycle-PC2-FR1 from PC2 single carrier with reporting additional dedicate capability signalling. 
The additional dedicate capability signalling is power class for NR inter-band CA, which is listed as in table 1 
Table 1: UE power class

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

	Case a
	PC2a
	26dBm
	23dBm
	23dBm

	Case b
	PC2b
	26dBm
	23dBm
	26dBm

	Case c
	PC2c
	26dBm
	26dBm
	26dBm


3 Conclusion

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

Proposal 1: Reuse the signalling maxUplinkDutyCycle-PC2-FR1 from PC2 single carrier for PC2 NR inter-band CA.

Proposal 2: Introduce new power class capability as PC2a, PC2b and PC2c for PC2 NR inter-band CA. 

Below we drafted the preliminary modification for 38101 by considering the above two proposals.   
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Example modification in 38.101
6.2A
Transmitter power for CA

6.2A.1
UE maximum output power for CA

6.2A.1.1
Void

6.2A.1.2
Void

6.2A.1.3
UE maximum output power for Inter-band CA

For inter-band carrier aggregation with one uplink carrier assigned to one NR band, the transmitter power requirements in clause 6.2 apply.

For inter-band carrier aggregation with uplink assigned to two NR bands, UE maximum output power shall be measured over all component carriers from different bands. If each band has separate antenna connectors, maximum output power is measured as the sum of maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1 ms). The maximum output power is specified in Table 6.2A.1.3-1.

Table 6.2A.1.3-1 UE Power Class for uplink inter-band CA (two bands)

	Uplink CA Configuration
	Class 1 (dBm)

	Tolerance (dB)

	Class 2 (dBm)
	Tolerance
(dB)

	Class 3 (dBm)
	Tolerance (dB)

	Class 4 (dBm)
	Tolerance (dB)

	CA_n1A-n3A
	
	
	
	
	23
	+2/-32
	
	

	CA_n1A-n7A
	
	
	
	
	23
	+2/-32
	
	

	CA_n1A-n8A
	
	
	
	
	23
	+2/-32
	
	

	CA_n1A-n28A
	
	
	
	
	23
	+2/-32
	
	

	CA_n1A-n41A
	
	
	
	
	23
	+2/-32
	
	

	CA_n1A-n78A
	
	
	26(PC2a,PC2b)
	+2/-32
	23
	+2/-32
	
	

	CA_n1A-n79A
	
	
	
	
	23
	+2/-32
	
	

	CA_n2A-n5A
	
	
	
	
	23
	+2/-32
	
	

	CA_n2A-n48A
	
	
	
	
	23
	+2/-32
	
	

	CA_n2A-n78A
	
	
	
	
	23
	+2/-32
	
	

	CA_n3A-n8A
	
	
	
	
	23
	+2/-32
	
	

	CA_n3A-n28A
	
	
	
	
	23
	+2/-32
	
	

	CA_n3-n38A
	
	
	
	
	23
	+2/-32
	
	

	CA_n3A-n40A
	
	
	
	
	23
	+2/-32
	
	

	CA_n3A-n41A
	
	
	
	
	23
	+2/-32
	
	

	CA_n3A-n77A
	
	
	
	
	23
	+2/-32
	
	

	CA_n3A-n78A
	
	
	
	
	23
	+2/-32
	
	

	CA_n3A-n79A
	
	
	
	
	23
	+2/-32
	
	

	CA_n5A-n78A
	
	
	
	
	23
	+2/-32
	
	

	CA_n5A-n79A
	
	
	
	
	23
	+2/-32
	
	

	CA_n7A-n25A
	
	
	
	
	23
	+2/-32
	
	

	CA_n7A-n28A
	
	
	
	
	23
	+2/-32
	
	

	CA_n7A-n66A
	
	
	
	
	23
	+2/-32
	
	

	CA_n7A-n78A
	
	
	
	
	23
	+2/-32
	
	

	CA_n8A-n39A
	
	
	
	
	23
	+2/-32
	
	

	CA_n8A-n40A
	
	
	
	
	23
	+2/-32
	
	

	CA_n8A-n41A
	
	
	
	
	23
	+2/-32
	
	

	CA_n8A-n77A
	
	
	
	
	23
	+2/-32
	
	

	CA_n8A-n78A
	
	
	
	
	23
	+2/-32
	
	

	CA_n8A-n79A
	
	
	
	
	23
	+2/-32
	
	

	CA_n20A-n28A
	
	
	
	
	23
	+2/-32
	
	

	CA_n20A-n78A
	
	
	
	
	23
	+2/-32
	
	

	CA_n25A-n41A
	
	
	
	
	23
	+2/-32
	
	

	CA_n25A-n66A
	
	
	
	
	23
	+2/-32
	
	

	CA_n25A-n78A
	
	
	
	
	23
	+2/-32
	
	

	CA_n28A-n41A
	
	
	
	
	23
	+2/-32
	
	

	CA_n28A-n50A
	
	
	
	
	23
	+2/-32
	
	

	CA_n28A-n77A
	
	
	
	
	23
	+2/-32
	
	

	CA_n28A-n78A
	
	
	
	
	23
	+2/-32
	
	

	CA_n38A-n66A
	
	
	
	
	23
	+2/-32
	
	

	CA_n39A-n40A
	
	
	
	
	23
	+2/-32
	
	

	CA_n39A-n41A
	
	
	
	
	23
	+2/-32
	
	

	CA_n39A-n79A
	
	
	
	
	23
	+2/-32
	
	

	CA_n40A-n41A
	
	
	
	
	23
	+2/-32
	
	

	CA_n40A-n79A
	
	
	
	
	23
	+2/-32
	
	

	CA_n41A-n79A
	
	
	
	
	23
	+2/-32
	
	

	CA_n41A-n50A
	
	
	
	
	23
	+2/-32
	
	

	CA_n48A-n66A
	
	
	
	
	23
	+2/-32
	
	

	CA_n50A-n78A
	
	
	
	
	23
	+2/-32
	
	

	CA_n66A-n71A
	
	
	
	
	23
	+2/-32
	
	

	CA_n66A-n78A
	
	
	
	
	23
	+2/-32
	
	

	CA_n70A-n71A
	
	
	
	
	23
	+2/-32
	
	

	NOTE 1:
Void
NOTE 2:
2 refers to the transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB

NOTE 3:
PPowerClass is the maximum UE power specified without taking into account the tolerance

NOTE 4:
For inter-band carrier aggregation the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).

NOTE 5:
Power class 3 is the default power class unless otherwise stated
NOTE 6:  PC2a is power class 2 case a, which represents 23dBm(low band)+23dBm(high band). PC2b is power class 2 case b, which represents 23dBm(low band)+26dBm(high band). PC2c is power class 2 case c, which represents 26dBm(low band)+26dBm(high band).


If a UE supports a different power class than the default UE power class for the band combination and the supported power class enables the higher maximum output power than that of the default power class:

-
if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50% (The exact evaluation period is no less than one radio frame); or

-
if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the total scaled percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 for all the power class of PC2a, PC2b, PC2c as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); or

-
if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;

-
shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in clause 6.2A.4;

-
else if the IE P-Max as defined in TS 38.331 [7] is not provided or set to the higher value than the maximum output power of the default power class and the total scaled percentage of uplink symbols transmitted in a certain evaluation period is less than or equal to maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.331; or

-
if the IE P-Max as defined in TS 38.331 [7] is not provided or set to the higher value than the maximum output power of the default power class and the total scaled percentage of uplink symbols transmitted in a certain evaluation period is less than or equal to 50% when maxUplinkDutyCycle-PC2-FR1 is absent. (The exact evaluation period is no less than one radio frame):

-
shall apply all requirements for the supported power class and set the configured transmitted power as specified in clause 6.2A.4.
While, the total scaled percentage of uplink symbols is defined as DutyNR, x *( PNR,x/ P26) + DutyNR, y *(PNR, y/ P26)
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 uplink percentage of NR Band x, NR Band y respectively.
<Next modification>

6.2A.4
Configured output power for CA

6.2A.4.1
Configured transmitted power level

6.2A.4.1.1
Void

6.2A.4.1.2
Void

6.2A.4.1.3
Configured transmitted power for Inter-band CA

For uplink carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c for serving cell c and its total configured maximum output power PCMAX.

The configured maximum output power PCMAX,c  on serving cell c shall be set as specified in clause 6.2.4.
For uplink inter-band carrier aggregation, MPRc and A-MPRc apply per serving cell c and are specified in clause 6.2.2 and clause 6.2.3, respectively. P-MPR c accounts for power management for serving cell c. PCMAX,c  is calculated under the assumption that the transmit power is increased independently on all component carriers.
The total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤ PCMAX ≤ PCMAX_H
For uplink inter-band carrier aggregation with one serving cell c per operating band when same slot symbol pattern is used in all aggregated serving cells,


PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  (pPowerClass-ΔPPowerClass)/(MAX(mprc,a-mprc)·tC,c ·tIB,c·tRxSRS,c) , (pPowerClass--ΔPPowerClass)/pmprc], PEMAX,CA, PPowerClass--ΔPPowerClass }

PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass-ΔPPowerClass }
where
-
pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7];

-
PPowerClass is the maximum UE power specified in Table 6.2A.1.3-1 without taking into account the tolerance specified in the Table 6.2A.1.3-1; pPowerClass is the linear value of PPowerClass;
-
ΔPPowerClass = 3 dB for a power class 2 capable UE when P-max of 23 dBm or lower is indicated; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the total scaled percentage of uplink symbols transmitted in a certain evalutation period is larger than 50% for all the power class of PC2a, PC2b, PC2c as defined in TS 38.331; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the total scaled percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 for all the power class of PC2a, PC2b, PC2c as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); otherwise ΔPPowerClass = 0 dB;
-
mpr c and a-mpr c are the linear values of MPR c and A-MPR c as specified in clause 6.2.2 and clause 6.2.3, respectively;
-
pmprc is the linear value of P-MPR c;
-
∆tRxSRS,c  is the linear value of ∆TRxSRS,c;
-
tC,c is the linear value of TC,ctC,c = 1.41 when NOTE 2 in Table 6.2A.1.3-1 applies for a serving cell c, otherwise tC,c = 1;
-
tIB,c  is the linear value of the inter-band relaxation term TIB,c of the serving cell c as specified in Table 6.2A.4.2.3-1; otherwise tIB,c

-
PEMAX,CA is p-UE-FR1 value signaled by RRC and defined in [38.331];

For uplink inter-band carrier aggregation with one serving cell c per operating band when at least one different numerology/slot pattern is used in aggregated cells, the UE is allowed to set its configured maximum output power PCMAX,c(i),i for serving cell c(i) of slot numerology type i, and its total configured maximum output power PCMAX.

The configured maximum output power PCMAX,c(i),i (p) in slot p of serving cell c(i) on slot numerology type i shall be set within the following bounds:

PCMAX_L,f,c(i),i (p) ≤  PCMAX,f,c(i), i (p) ≤  PCMAX_H,f,c(i),i (p)

where PCMAX_L,f,c (i),i (p) and PCMAX_H,f,c(i),i (p) are the limits for a serving cell c(i) of slot numerology type i as specified in clause 6.2.4.
The total UE configured maximum output power PCMAX (p,q) in a slot p of slot numerology or symbol pattern i,  and a slot q of slot numerology or symbol pattern j that overlap in time shall be set within the following bounds unless stated otherwise:

PCMAX_L(p,q) ≤  PCMAX (p,q)  ≤  PCMAX_H (p,q)

When slots p and q have different transmissions lengths and belong to different cells on different bands:

PCMAX_L (p,q) = MIN {10 log10 [pCMAX_L,f,c(i),i (p) + pCMAX_L,f,c(i),j (q)], PPowerClass}

PCMAX_H (p,q) = MIN {10 log10 [pCMAX_ H,f,c(i),i (p) + pCMAX_ H,f,c(i),j (q)], PPowerClass}

where pCMAX_L,f,c (i),i  and pCMAX_ H,f,c(i),i  are the respective limits PCMAX_L,f,c (i),i and PCMAX_H,f,c(i),i expressed in linear scale.

TREF and Teval are specified in Table 6.2A.4.1.3-0 when same and different slot patterns are used in aggregated carriers. For each TREF, the PCMAX_L is evaluated per Teval and given by the minimum value taken over the transmission(s) within the Teval; the minimum PCMAX_L over the one or more Teval is then applied for the entire TREF. PPowerClass shall not be exceeded by the UE during any period of time.

Table 6.2A.4.1.3-0: PCMAX evaluation window for different slot and channel durations
	TREF
	Teval
	Teval with frequency hopping

	TREF of largest slot duration over both UL CCs
	Physical channel length
	Min(Tno_hopping, Physical Channel Length)


If the UE is configured with multiple TAGs and transmissions of the UE on slot i for any serving cell in one TAG overlap some portion of the first symbol of the transmission on slot i +1 for a different serving cell in another TAG, the UE minimum of PCMAX_L for slots i and i + 1 applies for any overlapping portion of slots i and i + 1. PPowerClass shall not be exceeded by the UE during any period of time.

The measured maximum output power PUMAX over all serving cells with same slot pattern shall be within the following range:


PCMAX_L  – MAX{TL, TLOW(PCMAX_L) }  ≤  PUMAX  ≤  PCMAX_H  +  THIGH(PCMAX_H)


PUMAX = 10 log10 ∑ pUMAX,c
where pUMAX,c  denotes the measured maximum output power for serving cell c expressed in linear scale. The tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX are specified in Table 6.2A.4.1.3-1. The tolerance TL is the absolute value of the lower tolerance for applicable NR CA configuration as specified in Table 6.2A.1.3-1-2 for inter-band carrier aggregation.
The measured maximum output power PUMAX over all serving cells, when at least one slot has a different transmission numerology or symbol pattern, shall be within the following range:


P'CMAX_L–  MAX{TL, TLOW (P'CMAX_L)} ≤  P'UMAX  ≤  P'CMAX_H + THIGH (P'CMAX_H)


P'UMAX = 10 log10 ∑ p'UMAX,c
where p'UMAX,c  denotes the average measured maximum output power for serving cell c expressed in linear scale over TREF. The tolerances TLOW(P'CMAX) and THIGH(P'CMAX) for applicable values of P'CMAX are specified in Table 6.2A.4.1.3-1 for inter-band carrier aggregation. The tolerance TL is the absolute value of the lower tolerance for applicable NR CA configuration as specified in Table 6.2A.1.3-1 for inter-band carrier aggregation.

where:


P'CMAX_L  = MIN{ MIN {10log10∑( pCMAX_L,f,c(i),i), PPowerClass} over all overlapping slots in TREF}


P'CMAX_H = MAX{ MIN{10 log10 ∑ pEMAX,c , PPowerClass} over all overlapping slots in TREF}
Table 6.2A.4.1.3-1: PCMAX tolerance for uplink inter-band CA (two bands)
	PCMAX
(dBm)
	Tolerance
TLOW(PCMAX)
(dB)
	Tolerance
THIGH(PCMAX)
(dB)

	PCMAX = 23
	3.0
	2.0

	22 ≤ PCMAX < 23
	5.0
	2.0

	21 ≤ PCMAX < 22
	5.0
	3.0

	20 ≤ PCMAX < 21
	6.0
	4.0

	16 ≤ PCMAX < 20
	5.0

	11 ≤ PCMAX < 16
	6.0

	-40 ≤ PCMAX < 11
	7.0
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