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In this paper, we provide our view on PC2 RF requirements for inter-band CA_n257A_n259A based on IBM. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
In the last RAN4 meeting, one WF[1] was made for FR2 inter-band UL CA with IBM. 
Based on the WF, we would like to specify PC2 UL CA_n257A_n259A based on IBM.
R4-2206508 [1]
	Way forward on FR2 Inter-band UL CA
· WF1 : Band Combinations
· RAN4 recommends that UL CA_n260-n261 is included in this WI in addition to CA_n257-n259
· WF2 : Power Classes applicable for inter-band ULCA
· 1a. Focus on the common requirements (i.e., MPR and power control) of PC1/2/3/4/5 and Delta_TIB values of PC1/2/5
· 1b. Discuss PC3-specific requirements after step 1a (i.e., Delta_TIB values and total power issue).
· 1c. A power class cannot be supported without finalizing requirements including Delta_TIB

· 2a. The total power concept is not applied for power classes such as PC1/2/5
· 2b. FFS include new power class
· 2c. Further check the MPE regulation for FWA/CPE.
· WF3 : Power Control for IBM and bands from different band groups
· Focus on inter-band IBM UL CA for agreed band combinations (WF1)




To support PC2 CA n257-n259,  the requirements for a single band of n259 should be specified for PC2, e.g, Minimum Peak EIRP, Spherical Coverage, REFSENS, and EIS spherical coverage. For the single band requirements of n259, we analyzed them and proposed the requirements in 2.1. 
Based on the single band requirements, PC2 CA requirements for n257-n259 are analyzed and proposed in 2.2.

PC2 for n259
· Peak EIRP Requirement
Table 2.1 shows minimum peak EIRP with parameters that were used in FR2-1.
Table 2.1: Minimum Peak EIRP for PC2 in n259
	Parameter
	Unit
	Freq.Range
n259

	Pout per element
	dBm
	12

	# of antennas in array
	
	8

	Total conducted power per polarization
	dBm
	21

	Avg. antenna element gain
	dBi
	3.5

	Antenna roll-off loss vs frequency
	dB
	-1.5

	Realized antenna array gain
	dBi
	11.0

	Polarization gain
	dB
	2.5

	Total implementation loss (worst-case)
	dB
	-9.5

	Peak EIRP (Minimum)
	dBm
	25



Based on the analysis above, we propose 25dBm for n259 as the minimum peak EIRP for NR FR2-1 PC2.
Proposal 1: For PC2 in n259, define a minimum peak EIRP of 25dBm.

· Spherical Coverage Requirement
Figure 2.1 shows the CDF of spherical coverage for FR2-1 PC2 in n259.
[image: ]
Figure 2.1: Antenna gain for NR FR2-1 PC2 in n259
Considering an implementation margin of 3.5dB on top of the CDF curve, the EIRP corresponding CDF of 60%-tile is proposed with 12.5dBm. 
Proposal 2: For PC2 in n259, define Spherical coverage EIRP of 12.5dBm considering 12.5dB drop from minimum Peak EIRP.

· MBR Requirement
For PC2, UEs supporting multiple FR2-1 bands need to be considered. So, for the UEs, the minimum requirement for peak EIRP and EIRP spherical coverage shall be decreased per band, respectively, by the peak EIRP relaxation parameter MBP,n and EIRP spherical coverage relaxation parameter MBS,n. We propose the MB relaxation similar to PC5 and PC6 as follows.

Table 2.2: UE multi-band relaxation factors for power class 2
	[bookmark: _Hlk32225119][bookmark: _Hlk32316771]Band
	MBP,n (dB)
	MBS,n (dB)

	n257
	0.7
	0.7

	n258
	0.7
	0.7

	n259
	0.5
	0.5

	n261
	0.7
	0.7

	n262
	0.7
	0.7

	



Proposal 3: For PC2 UEs supporting multiple FR2-1 bands, define MB relaxation with Table 2.2.

· REFSENS Requirement
Table 2.3 shows the peak EIS for FR2-1 PC2 in n259 using following equation based on CBW of 100MHz. 
· REFSENS = -174dBm(kT) + 10*log10(Max. RX BW) + NF – Total Ant. gain - diversity gain + SNR + ILs
Table 2.3. Peak EIS for FR2-1 PC2 in n259
	Parameter
	Unit
	Freq.Range
n259

	Max.Rx BW (X)
	MHz
	50
	100
	200
	400

	kTB/Hz 
	dBm
	
	-174
	
	

	10log(Max. Rx BW) 
	dB
	
	79.8
	
	

	Effective realized antenna array gain 
	dB
	
	11.0
	
	

	Diversity Gain 
	dB
	
	0
	
	

	SNR 
	dB
	
	-1
	
	

	NF 
	dB
	
	11
	
	

	Total implementation loss 
	dB
	
	9.5
	
	

	REFSENS
	dBm/[X]MHz
	-88.7
	-85.7
	-82.7
	-79.7



Proposal 4: For PC2 in n259, define REFSENS
· -88.7dBm for CBW of 50MHz
· -85.7dBm for CBW of 100MHz
· -82.7dBm for CBW of 200MHz
· -79.7dBm for CBW of 400MHz

· EIS Spherical Requirement
Considering 12.5dB drop, we propose EIS spherical coverage requirements as follows. 
Proposal 5: For PC2 in n259, define EIS Spherical coverage
· -76.2dBm for CBW of 50MHz
· -73.2dBm for CBW of 100MHz
· -70.2dBm for CBW of 200MHz
· -67.2dBm for CBW of 400MHz

PC2 for CA_n257-n259
For PC2 UL CA_n257-n259, the following requirements were discussed.
Tx RF requirements for PC2 UL CA_n257-n259
· 1. Transmitter power for inter-band UL CA
· UE maximum output power 
· ΔTIB EIRP relaxations (ΔTIB,P,n &  ΔTIB,S,n)
· Maximum output power reduction 
· MPRinter-band_CA = max(MPRsingleBand, MPRPA-PA)
· Configured transmitted power 
· 2. Output power dynamics for inter-band UL CA
· Minimum output power 
· Transmit OFF power 
· Transmit ON/OFF time mask 
· 3. Transmit signal quality for inter-band UL CA
· 4. Output RF spectrum emissions for inter-band UL CA
· Spurious emissions 
· 5. Beam correspondence for inter-band UL CA

For Tx RF requirements, based on the endorsed draft CR[1], the remained issues are to define EIRP relaxations and MPR for inter-band UL CA which are highlighted in yellow colour.

· ΔTIB EIRP relaxations for PC2 
For ΔTIB,P,n , 0.7dB and 0.5dB can be considered for n257 and n259 respectively regarding ΔTIB,P,n  = MBR (in proposal 3).
For ΔTIB,S,n (= ΔTIB,P,n + Roverlap ), Roverlap of 2.0dB is analized as Table 2.4 to cover the common spherical coverage of 40% for PC2 in n257 + n259.
Table 2.4 : PC2 Roverlap in n257+n259.
	R_overlap (dB)
	IBM – Common spherical coverage (%)
	n257 spherical coverage (%)
	n259 spherical coverage (%)

	0.0
	31.1
	40.1
	40.0

	0.5
	33.6
	43.0
	42.1

	1.0
	36.0
	45.4
	44.5

	1.5
	38.2
	47.9
	46.6

	2.0
	40.4
	50.6
	48.8

	2.5
	42.7
	53.4
	50.8



Based on it, Table 2.5 summarized the ΔTIB EIRP relaxations. 
Table 2.5:  ΔTIB EIRP relaxations for inter-band UL CA for PC2
	NR CA configuration
	NR band
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)

	CA_n257A-n259A
	n257
	0.7
	2.7

	
	n259
	0.5
	2.5



Proposal 6: For PC2 UL CA_n257-n259, define ΔTIB EIRP relaxations with Table2.5.

· MPR for inter-band UL CA for PC2 
The following equation in [2] is supported for inter-band UL CA MPR.
MPRinter-band_CA = max(MPRsingleBand, MPRPA-PA)
For MPRPA-PA, MPRPA-PA = Max (MPRCoex, 6 - 10*log10(PRB)) dB was proposed for PC3 by some company. As the proponent mentioned, it can be applied to PC2 because PC2 is expected to need less MPR than PC3. Herein, MPRCoex can be replaced with ‘0’ considering that MPRCoex is 0.5 dB if 2*fn259 - fn257 >= 57.0 GHz, 0dB otherwise.
 Proposal 7: Define MPRPA-PA = Max (0, 6 - 10*log10(PRB)) for PC2 .

Rx RF requirements for PC2 DL CA_n257-n259
In general, DL CA can be also supported if UL CA is supported. Therefore, the Rx requirements need to be specified for PC2 DL CA_n257-n259. The related requirements are ΔRIB relaxations (ΔRIB,P,n &  ΔRIB,S,n).
· ΔRIB relaxations for PC2 
Based on the RAN4 discussion, ΔRIB relaxations are summarized as seen in Table 2.6.
· ΔRIB,P,n = ΔTIB,P,n + 1
· ΔRIB,S,n = ΔTIB,S,n + 1
Table 2.6:  ΔRIB  relaxations for inter-band UL CA for PC2
	NR CA configuration
	NR band
	ΔRIB,P,n (dB)
	ΔRIB,S,n (dB)

	CA_n257A-n259A
	n257
	1.7
	3.7

	
	n259
	1.5
	3.5



Proposal 8: For PC2 DL CA_n257-n259, define ΔRIB relaxations with Table2.6.

Conclusion
In this contribution, we provided our views on the RF requirement for PC2 UL CA_n257-n259 based on IBM. Proposals are as follows.
· PC2 for n259
Proposal 1: For PC2 in n259, define a minimum peak EIRP of 25dBm.
Proposal 2: For PC2 in n259, define Spherical coverage EIRP of 12.5dBm considering 12.5dB drop from minimum Peak EIRP.
Proposal 3: For PC2 UEs supporting multiple FR2-1 bands, define MB relaxation with Table 2.2.
Table 2.2: UE multi-band relaxation factors for power class 2
	Band
	MBP,n (dB)
	MBS,n (dB)

	n257
	0.7
	0.7

	n258
	0.7
	0.7

	n259
	0.5
	0.5

	n261
	0.7
	0.7

	n262
	0.7
	0.7



Proposal 4: For PC2 in n259, define REFSENS
· -88.7dBm for CBW of 50MHz
· -85.7dBm for CBW of 100MHz
· -82.7dBm for CBW of 200MHz
· -79.7dBm for CBW of 400MHz

Proposal 5: For PC2 in n259, define EIS Spherical coverage 
· -76.2dBm for CBW of 50MHz
· -73.2dBm for CBW of 100MHz
· -70.2dBm for CBW of 200MHz
· -67.2dBm for CBW of 400MHz

· PC2 for UL CA_n257-n259
Proposal 6: For PC2 UL CA_n257-n259, define ΔTIB EIRP relaxations with Table2.5.
Table 2.5:  ΔTIB EIRP relaxations for inter-band UL CA for PC2
	NR CA configuration
	NR band
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)

	CA_n257A-n259A
	n257
	0.7
	2.7

	
	n259
	0.5
	2.5



Proposal 7: Define MPRPA-PA = Max (0, 6 - 10*log10(PRB)) for PC2 .
Proposal 8: For PC2 DL CA_n257-n259, define ΔRIB relaxations with Table2.6.
Table 2.6:  ΔRIB  relaxations for inter-band UL CA for PC2
	NR CA configuration
	NR band
	ΔRIB,P,n (dB)
	ΔRIB,S,n (dB)

	CA_n257A-n259A
	n257
	1.7
	3.7

	
	n259
	1.5
	3.5
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