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1 Introduction
In RAN4#102-e, we discussed the TIB values for FR2 inter-band UL CA based on IBM. However, it was difficult to resolve those concerns for handheld device, so RAN4 agreed to focus on non-handheld device types first. At the last meeting, we discussed the TIB values for non-handheld device and RAN4 agreed on PC1/2/5 requirements for FR2 inter-band UL CA. Therefore, at this meeting, we can discuss the PC3 requirements for handheld device. In this paper, we provide some options about the TIB values for PC3 n257-n259 and PC3 n260-n261.
2 Discussion
2.1 Background

In RAN4#102-e, we discussed the TIB values for FR2 inter-band UL CA based on IBM. However, it was required to discuss thermal consideration for handheld device, so RAN4 agreed to focus on non-handheld device types first. The results of the RAN4#102-e discussion are shown below.


WF on FR2 inter-band UL CA [1]
2. WF – Power Classes applicable for inter-band ULCA
1. GTW Agreements: 
a. 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

b. Discuss PC3-specific requirements after step 1a (i.e., Delta_TIB values and total power issue).

c. A power class cannot be supported without finalizing requirements including Delta_TIB.


In RAN4#103-e, based on the above, we discussed the TIB values for non-handheld device and RAN4 agreed on PC1/2/5 requirements for FR2 inter-band UL CA. Step 1a is completed, so we can discuss the PC3 requirements for handheld device from RAN4#104-e. The PC3 discussion is not excluded from Rel-17 WI. To organize the current specification, RIB values and TIB values for FR2 inter-band CA are shown below.
Table 2.1-1 ΔRIB values and ΔTIB values for n257-n259
	NR CA configuration
	Power Class
	NR band
	ΔRIB,P,n (dB)
	ΔRIB,S,n (dB)
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)

	n257-n259
	PC1
	n257
	
	
	
	

	
	
	n259
	
	
	
	

	
	PC2
	n257
	[3.5]
	[3.5]
	[2.5]
	[2.5]

	
	
	n259
	[3.5]
	[3.5]
	[2.5]
	[2.5]

	
	PC3
	n257
	4.0
	3.5
	TBD
	TBD

	
	
	n259
	4.0
	3.5
	TBD
	TBD

	
	PC5
	n257
	3.0
	[2.5]
	[1.5]
	2.5

	
	
	n259
	3.0
	[2.5]
	[1.5]
	2.5


Table 2.1-2 ΔRIB values and ΔTIB values for n260-n261
	NR CA configuration
	Power Class
	NR band
	ΔRIB,P,n (dB)
	ΔRIB,S,n (dB)
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)

	n260-n261
	PC1
	n260
	2.5
	[2.5]
	[1.5]
	2.5

	
	
	n261
	2.5
	[2.5]
	[1.5]
	2.5

	
	PC2
	n260
	
	
	
	

	
	
	n261
	
	
	
	

	
	PC3
	n260
	3.5
	3.5
	TBD
	TBD

	
	
	n261
	3.5
	3.5
	TBD
	TBD

	
	PC5
	n260
	
	
	
	

	
	
	n261
	
	
	
	


As above, the TIB values marked in yellow should be discussed. In this paper, we provide some options about the TIB values for PC3 n257-n259 and PC3 n260-n261.
2.2 TIB values of PC3
Due to device size limitation, thermal consideration may be required to agree on TIB values for PC3. Based on the past studies and the PC1/5 requirements, the problem factor is clear. [2][3][4]
Observation 1: Based on the past discussions, factors of ΔTIB values are expected as follow.
	#
	Factor
	PC3
	PC1/5

	
	
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)

	1
	Thermal consideration for handheld formfactor
	X
	X
	0.0
	0.0

	2
	MBR, insertion loss, and so on
	1.5
	1.5
	1.5
	1.5

	3
	Common spherical issue
	0.0
	1.0
	0.0
	1.0

	Total
	1.5 + X (dB)
	2.5 + X (dB)
	1.5 (dB)
	2.5 (dB)


Regarding #1 factor, it was discussed in RAN4#102-e. At that time, some options were provided as ΔTIB,P,n values considering the thermal issue. [3] "About 5dB" is one of the options for PC3 TIB values. In our understanding, this is the largest of the proposed values. The reasons for this proposal are explained as follows.
Excerpt from R4-2204576 [5]
Proposal 2:
total power concept should be considered for FR2 power class 3 handheld UE when specifying the value of ΔTIB for inter-band UL CA.
As to the exact value, we think that intra-band CA relaxation is a reference. Even the inter-band relaxation is to be the same as that of intra-band CA, the summed total power of inter-band CA will be 3dB higher than that of intra-band CA. So we think the MOP relaxation for inter-band UL CA should be at least comparable with that of intra-band CA, i.e. around 5dB.
In fact, the MPR values for inter-band CA will be less than that for intra-band contiguous CA. The MPR values in each case are shown below. [6]
[For inter-band CA]
·  MPRinter-band_CA = max(MPRSingleBand, MPRPA-PA)

=> MPRSingleBand = max(MPRWT, MPRnarrow)
=> MPRWT is as follows:
Table 6.2.2.3-1 MPRWT for power class 3, BWchannel ≤ 200 MHz, FR2-1
	Modulation
	MPRWT, BWchannel ≤ 200 MHz

	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 2.0

	
	QPSK
	0.0
	≤ 2.0

	
	16 QAM
	≤ 3.0
	≤ 3.5

	
	64 QAM
	≤ 5.0
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 4.0

	
	16 QAM
	≤ 5.0
	≤ 5.0

	
	64 QAM
	≤ 7.5
	≤ 7.5


Table 6.2.2.3-2 MPRWT for power class 3, BWchannel = 400 MHz, FR2-1
	Modulation
	MPRWT, BWchannel = 400 MHz

	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 3.0

	
	QPSK
	0.0
	≤ 3.0

	
	16 QAM
	≤ 4.5
	≤ 4.5


	
	64 QAM
	≤ 6.5
	≤ 6.5

	CP-OFDM
	QPSK
	≤ 5.0
	≤ 5.0

	
	16 QAM
	≤ 6.5
	≤ 6.5

	
	64 QAM
	≤ 9.0
	≤ 9.0


[For intra-band contiguous CA]
· MPR = MPRC_CA
=> MPRC_CA is as follows:
Table 6.2A.2.4-1: Maximum power reduction (MPRC_CA) for UE power class 3

	
	Cumulative aggregated channel bandwidth (CABW)

	
	≤ 400 MHz
	> 400 MHz and < 800 MHz
	≥ 800 MHz and ≤ 1400 MHz
	> 1400 MHz and ≤ 2400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.01
	≤ 7.71
	≤ 8.2
	≤ 8.7

	
	QPSK
	≤ 5.01
	≤ 7.71
	≤ 8.2
	≤ 9.7

	
	16 QAM
	≤ 6.5
	≤ 8.7
	≤ 9.3
	≤ 9.7

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ 11.2
	≤ 11.7

	CP-OFDM
	QPSK
	≤ 5.0
	≤ 7.5
	≤ 8.0
	≤ 9.7

	
	16 QAM
	≤ 6.5
	≤ 8.7
	≤ 9.2
	≤ 9.7

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ 11.2
	≤ 11.7

	NOTE 1:
(Void).


[For intra-band non-contiguous CA]
· MPR = max(MPRNC_CA, -8*A +10.0)

=> MPRNC_CA is as follows:
Table 6.2A.2.4.2-1: MPRNC_CA for UE power class 3

	
	Cumulative aggregated channel bandwidth (CABW)

	
	≤ 400 MHz
	> 400 MHz and < 800 MHz
	≥ 800 MHz and ≤ 1400 MHz
	> 1400 MHz and ≤ 2400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.5
	≤ 7.7
	≤ 8.2
	≤ 8.7

	
	QPSK
	≤ 6
	≤ 7.7
	≤ 8.2
	≤ 8.7

	
	16 QAM
	≤ 7
	≤ 8.7
	≤ 9.3
	≤ 9.8

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ 11.2
	≤ 11.7

	CP-OFDM
	QPSK
	≤ 6
	≤ 7.5
	≤ 8.0
	≤ 8.5

	
	16 QAM
	≤ 7
	≤ 8.7
	≤ 9.2
	≤ 9.7

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ 11.2
	≤ 11.7


To make the MOP relaxation of inter-band UL CA equal to or greater than that of intra-band CA, PC3 TIB values should be at least 5dB. Therefore, as a value considering the thermal issue, relaxation value X should be 3.5dB.
Observation 2: As a relaxation value considering the thermal issue, the requirements for intra-band CA is a reference.

Observation 3: The MOP relaxation for inter-band UL CA should be at least 5dB.
Observation 4: Relaxation value X for thermal issue should be 3.5 dB.
Proposal 1: For PC3 requirements, factors of ΔTIB,P,n and ΔTIB,S,n are as follows.

	#
	Factor
	PC3
	PC1/5

	
	
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)

	1
	Thermal consideration for handheld formfactor
	3.5
	3.5
	0.0
	0.0

	2
	MBR, insertion loss, and so on
	1.5
	1.5
	1.5
	1.5

	3
	Common spherical issue
	0.0
	1.0
	0.0
	1.0

	Total
	5.0 (dB)
	6.0 (dB)
	1.5 (dB)
	2.5 (dB)


2.3 Discussion on inter-band CA including intra-band CA

The discussion above based on the FR2 inter-band UL CA consisting of single-CC + single-CC. However, further discussion may be needed if FR2 inter-band UL CA includes intra-band UL CA. (i.e. single-CC + intra, intra + intra.) The increase in the TIB for PC3 compared to the TIB for other PCs is related to the value of MPRSingleBand. However, MPRC_CA and MPRNC_CA are very large relaxations compared to MPRSingleBand. For FR2 inter-band CA includes intra-band CA, there is concern that the MOP relaxation for handheld formfactor would be double counted by applying both MPR for intra-band and TIB for inter-band. Therefore, if sufficient relaxation is provided by MPRinter-band_CA, the TIB values for PC3 can be reconsidered. Based on the above, two options are provided as TIB values for PC3. Option1 is recommended in this paper.
Observation 5: There is concern that the MOP relaxation for handheld formfactor would be double counted by applying both MPR for intra-band and TIB for inter-band.
Proposal 2: Two options are provided as TIB for PC3 as follows. Option1 should be selected when sufficient relaxation for handheld formfactor is provided by MPRinter-band_CA. Option2 should be selected when it is not.
Option1:

	NR CA configuration
	NR band
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)

	CA_n257A-n259A
	n257
	5.01
	6.02

	
	n259
	5.01
	6.02

	CA_n260A-n261A
	n260
	5.01
	6.02

	
	n261
	5.01
	6.02

	NOTE 1:   ΔTIB,P,n is 2.5 dB if this NR band is not single UL CC.

NOTE 2:   ΔTIB,S,n is 3.5 dB if this NR band is not single UL CC.


Option2:

	NR CA configuration
	NR band
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)

	CA_n257A-n259A
	n257
	5.0
	6.0

	
	n259
	5.0
	6.0

	CA_n260A-n261A
	n260
	5.0
	6.0

	
	n261
	5.0
	6.0
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Conclusion

This paper showed TIB values of PC3 for FR2 inter-band UL CA. Here we summarize our proposals:

Observation 1: Based on the past discussions, factors of ΔTIB values are expected as follow.
	#
	Factor
	PC3
	PC1/5

	
	
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)

	1
	Thermal consideration for handheld formfactor
	X
	X
	0.0
	0.0

	2
	MBR, insertion loss, and so on
	1.5
	1.5
	1.5
	1.5

	3
	Common spherical issue
	0.0
	1.0
	0.0
	1.0

	Total
	1.5 + X (dB)
	2.5 + X (dB)
	1.5 (dB)
	2.5 (dB)


Observation 2: As a relaxation value considering the thermal issue, the requirements for intra-band CA is a reference.

Observation 3: The MOP relaxation for inter-band UL CA should be at least 5dB.
Observation 4: Relaxation value X for thermal issue should be 3.5 dB.
Proposal 1: For PC3 requirements, factors of ΔTIB,P,n and ΔTIB,S,n are as follows.

	#
	Factor
	PC3
	PC1/5

	
	
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)

	1
	Thermal consideration for handheld formfactor
	3.5
	3.5
	0.0
	0.0

	2
	MBR, insertion loss, and so on
	1.5
	1.5
	1.5
	1.5

	3
	Common spherical issue
	0.0
	1.0
	0.0
	1.0

	Total
	5.0 (dB)
	6.0 (dB)
	1.5 (dB)
	2.5 (dB)


Observation 5: There is concern that the MOP relaxation for handheld formfactor would be double counted by applying both MPR for intra-band and TIB for inter-band.
Proposal 2: Two options are provided as TIB for PC3 as follows. Option1 should be selected when sufficient relaxation for handheld formfactor is provided by MPRinter-band_CA. Option2 should be selected when it is not.
Option1:

	NR CA configuration
	NR band
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)

	CA_n257A-n259A
	n257
	5.01
	6.02

	
	n259
	5.01
	6.02

	CA_n260A-n261A
	n260
	5.01
	6.02

	
	n261
	5.01
	6.02

	NOTE 1:   ΔTIB,P,n is 2.5 dB if this NR band is not single UL CC.

NOTE 2:   ΔTIB,S,n is 3.5 dB if this NR band is not single UL CC.


Option2:

	NR CA configuration
	NR band
	ΔTIB,P,n (dB)
	ΔTIB,S,n (dB)

	CA_n257A-n259A
	n257
	5.0
	6.0

	
	n259
	5.0
	6.0

	CA_n260A-n261A
	n260
	5.0
	6.0

	
	n261
	5.0
	6.0
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