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1 Introduction
At the last RAN4 meeting, we discussed total power concept and TIB values for FR2 inter-band UL CA with IBM. However, it was difficult to resolve those concerns for PC3, so RAN4 agreed to focus on non-handheld device types such as other PCs and new PC (non-handheld form factor in PC3 device). In this paper, we provide TIB values of PC1/2/5 for FR2 inter-band UL CA. In addition, PC3 is not excluded from the Rel-17 discussion, so we also provide compromises about the TIB values of PC3 for FR2 inter-band UL CA.
2 Discussion
2.1 Background

In RAN4#103-e, we discussed total power concept and TIB values for FR2 inter-band UL CA with IBM. However, it was difficult to resolve those concerns for PC3, so RAN4 agreed to focus on non-handheld device types such as other PCs and new PC. The results of the RAN4#103-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.
2. GTW Agreements: 
a. The total power concept is not applied for power classes such as PC1/2/5
b. FFS include new power class

c. Further check the MPE regulation for FWA/CPE.

3. (void) 

4. RAN4 to complete inter-DLCA requirements for power classes that are enabled for inter-band ULCA

a. Companies are encouraged to bring proposals for delta(RIB) for:

i. PC1/2/5

ii. IBM inter-band DLCA for agreed band combinations (WF1)

5. FFS if a new power class is defined to enable inter-band ULCA for non-handheld devices like laptop PCs and table-top UEs 

a. New power class is assumed to be an industrial-packaged UE that would normally declare itself to be PC3 to the network

b. New power class would carry over all existing requirements from PC3 without changes

c. Total power concept is not applied for the new power class


Based on the above, we provide our view on TIB values of PC1/2/5 and new PC. In addition, the PC3 discussion is not excluded from Rel-17 WI. Therefore, we also provide compromises about the TIB values of PC3 for FR2 inter-band UL CA.
2.2 TIB values of PC1/2/5
RAN4 agreed on two types of TIB at RAN4#101-bis-e. [2] We summarize them below.
· Delta(TIB_peak)

· Delta(TIB_peak) is relaxation that applies relative to min. peak EIRP requirements.
· Included mechanisms that contribute to this relaxation are listed below:
· MBR (multi-band relaxation)
· TPC (total power concept)

· Delta(TIB_spherical)

· Delta(TIB_spherical) is relaxation that applies relative to spherical coverage EIRP requirements.

· Included mechanisms that contribute to this relaxation are listed below:

· Delta(TIB_peak)

· R_overlap (It is relaxation due to imperfect overlap in spherical coverage regions of the two bands.)

Based on the above, delta(TIB_peak) is derived from the sum of MBR and TPC. However, at the last meeting, RAN4 agreed that TPC is not applied for power classes such as PC1/2/5. Therefore, only value of MBR is referenced for delta(TIB_peak) of PC1/2/5.
Observation 1: For PC1/2/5, delta(TIB_peak) is MBR.
At the last meeting, n260-n261 is included in this WI in addition to CA_n257-n259. On the other hand, PC2 single-band requirements for n259 and n260 are not specified. The same is true for PC1 single-band requirements for n259 and PC5 single-band requirements for n260 and n261. Therefore, PC1 delta(TIB_peak) for n260-n261 and PC5 delta(TIB_peak) for n257-n259 can be specified.
Proposal 1: For PC1/2/5, delta(TIB_peak) values for n257-n259 and n260-n261 are shown below.
	delta(TIB_peak)
	PC1
	PC2
	PC5

	n257-n259
	n257
	TBD
	TBD
	0.7 dB

	
	n259
	TBD
	TBD
	0.5 dB

	n260-n261
	n260
	0.0 dB
	TBD
	TBD

	
	n261
	0.0 dB
	TBD
	TBD


Next, based on the above, delta(TIB_spherical) is derived from the sum of delta(TIB_peak) and R_overlap. For PC1/5, 0.5dB was proposed as R_overlap at the last meeting. [3] Many companies supported this option, although some said it needed further analysis. As the deadline of Rel-17 discussion is approaching, we recommend 0.5dB.

Observation 2: For PC1/5, delta(TIB_ spherical) is delta(TIB_peak) + 0.5dB.
Proposal 2: For PC1/2/5, delta(TIB_spherical) values for n257-n259 and n260-n261 are shown below.
	delta(TIB_spherical)
	PC1
	PC2
	PC5

	n257-n259
	n257
	TBD
	TBD
	1.2 dB

	
	n259
	TBD
	TBD
	1.0 dB

	n260-n261
	n260
	0.5 dB
	TBD
	TBD

	
	n261
	0.5 dB
	TBD
	TBD


2.3 TIB values of PC3

RAN4 can discuss PC3 requirements if PC1/2/5 requirements are agreed at this meeting. For PC3, some companies showed that TPC was needed. At the last meeting, "about 5dB" was offered as an option of delta(TIB_peak). In our understanding, this is the largest of the proposed values. 

In RAN4#101-bis-e, the agreement on MPR was as follows.
CA MPR = max { MPRPA-PA, MPRwaveform&modulation&BW&etc }
Where:

MPRwaveform&modulation&BW&etc is per sections [6.2.2.x].
MPRPA-PA is for compliance with limits in 6.5 and 6.5A for inter-band ULCA. 

MPRPA-PA is only applicable when both bands are activated.
MPRWT (MPR for single-CC) will be reused as MPRsingleBand (i.e. MPRwaveform&modulation&BW&etc) based on the draft CR agreed at the last meeting. Therefore, depending on the type of modulation, relaxation by MPRsingleBand cannot be expected, as shown below.
Table 6.2.2.3-1 MPRWT for power class 3, BWchannel ≤ 200 MHz
	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

	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


On the other hand, the MPR values for intra-band CA (i.e. MPRC_CA and MPRNC_CA) are specified 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).


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


In [4], it was proposed that the relaxation for inter-band UL CA should be at least comparable with that of intra-band CA, i.e. around 5dB. On the other hand, some companies showed that no large relaxation is needed. Therefore, we need compromise idea to specify UL CA feature of PC3.
In our understanding, we should be aware that both MPR and TIB apply as relaxation. Therefore, we propose to separate TIB values depending on whether the UL CA has single-CC or multi-CC (intra-CA). Specifically, delta(TIB_peak) = 5dB when MPRWT is applied and delta(TIB_peak) = MBR when MPRC_CA or MPRNC_CA is applied.
Observation 3: As a compromise of PC3 delta(TIB_peak), 5dB is applied when UL CA between single-CCs

Observation 4: As a compromise of PC3 delta(TIB_peak), MBR is applied when UL CA between multi-CCs

At the last meeting, the proposed delta(TIB_peak) - delta(TIB_spherical) was in the range [-1.0 … 2.0] dB. Average of them is 0.5dB, which is consistent with the proposed value for requirements of PC1/5 above.
Observation 5: As a compromise, PC3 delta(TIB_spherical) is delta(TIB_peak) + 0.5dB.
Proposal 3: For PC3, TIB values for n257-n259 and n260-n261 are shown below.
	 NR CA configuration
	NR band
	delta(TIB_peak) [dB]
	delta(TIB_spherical) [dB]

	CA_n257A-n259A
	n257
	5.01
	5.51

	
	n259
	5.02
	5.52

	CA_n260A-n261A
	n260
	5.03
	5.53

	
	n261
	5.04
	5.54

	NOTE 1:
n257 peak relaxation is 0.7 dB and n257 spherical relaxations is 1.2 dB when MPRC_CA in Table 6.2A.2.4-1 or MPRNC_CA in Table 6.2A.2.4.2-1 is applied for n257.

NOTE 2:
n259 peak relaxation is 0.5 dB and n259 spherical relaxations is 1.0 dB when MPRC_CA in Table 6.2A.2.4-1 or MPRNC_CA in Table 6.2A.2.4.2-1 is applied for n259.

NOTE 3:
n260 peak relaxation is 0.0 dB and n260 spherical relaxations is 0.5 dB when MPRC_CA in Table 6.2A.2.4-1 or MPRNC_CA in Table 6.2A.2.4.2-1 is applied for n260.

NOTE 4:
n261 peak relaxation is 0.0 dB and n261 spherical relaxations is 0.5 dB when MPRC_CA in Table 6.2A.2.4-1 or MPRNC_CA in Table 6.2A.2.4.2-1 is applied for n261.


3
Conclusion

This paper showed TIB values of PC1/3/5 for FR2 inter band UL CA. Here we summarize our proposals:

Observation 1: For PC1/2/5, delta(TIB_peak) is MBR.
Proposal 1: For PC1/2/5, delta(TIB_peak) values for n257-n259 and n260-n261 are shown below.
	delta(TIB_peak)
	PC1
	PC2
	PC5

	n257-n259
	n257
	TBD
	TBD
	0.7 dB

	
	n259
	TBD
	TBD
	0.5 dB

	n260-n261
	n260
	0.0 dB
	TBD
	TBD

	
	n261
	0.0 dB
	TBD
	TBD


Observation 2: For PC1/5, delta(TIB_ spherical) is delta(TIB_peak) + 0.5dB.
Proposal 2: For PC1/2/5, delta(TIB_spherical) values for n257-n259 and n260-n261 are shown below.
	delta(TIB_spherical)
	PC1
	PC2
	PC5

	n257-n259
	n257
	TBD
	TBD
	1.2 dB

	
	n259
	TBD
	TBD
	1.0 dB

	n260-n261
	n260
	0.5 dB
	TBD
	TBD

	
	n261
	0.5 dB
	TBD
	TBD


Observation 3: As a compromise of PC3 delta(TIB_peak), 5dB is applied when UL CA between single-CCs

Observation 4: As a compromise of PC3 delta(TIB_peak), MBR is applied when UL CA between multi-CCs

Observation 5: As a compromise, PC3 delta(TIB_spherical) is delta(TIB_peak) + 0.5dB.
Proposal 3: For PC3, TIB values for n257-n259 and n260-n261 are shown below.
	 NR CA configuration
	NR band
	delta(TIB_peak) [dB]
	delta(TIB_spherical) [dB]

	CA_n257A-n259A
	n257
	5.01
	5.51

	
	n259
	5.02
	5.52

	CA_n260A-n261A
	n260
	5.03
	5.53

	
	n261
	5.04
	5.54

	NOTE 1:
n257 peak relaxation is 0.7 dB and n257 spherical relaxations is 1.2 dB when MPRC_CA in Table 6.2A.2.4-1 or MPRNC_CA in Table 6.2A.2.4.2-1 is applied for n257.

NOTE 2:
n259 peak relaxation is 0.5 dB and n259 spherical relaxations is 1.0 dB when MPRC_CA in Table 6.2A.2.4-1 or MPRNC_CA in Table 6.2A.2.4.2-1 is applied for n259.

NOTE 3:
n260 peak relaxation is 0.0 dB and n260 spherical relaxations is 0.5 dB when MPRC_CA in Table 6.2A.2.4-1 or MPRNC_CA in Table 6.2A.2.4.2-1 is applied for n260.

NOTE 4:
n261 peak relaxation is 0.0 dB and n261 spherical relaxations is 0.5 dB when MPRC_CA in Table 6.2A.2.4-1 or MPRNC_CA in Table 6.2A.2.4.2-1 is applied for n261.
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