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1.	Introduction
Table 6.1-1 in 38.521-2 ([1]) defines common uplink configuration for PC2, PC3 and PC4. RB allocations columns in that table are defined based on FR2 MPR minimum conformance requirements in [2], based on Inner RB allocations and Edge RB allocations.
This document highlights some corrections needed in that table and make specific proposals to fix issues found.
2.	Discussion
2.1 FR2 MPR minimum conformance requirements review
FR2 MPR minimum conformance requirement for Rel-15 are defined as:
	[bookmark: _Toc21339312][bookmark: _Toc29804529][bookmark: _Toc36548099][bookmark: _Toc37253317][bookmark: _Toc37253649][bookmark: _Toc37321418][bookmark: _Toc37322603][bookmark: _Toc45889471][bookmark: _Toc52203662][bookmark: _Toc53172452][bookmark: _Toc61118210][bookmark: _Toc67923006][bookmark: _Toc75295669][bookmark: _Toc76510094][bookmark: _Toc83130798][bookmark: _Toc90589044]6.2.2	UE maximum output power reduction
6.2.2.0	General
[bookmark: _Hlk520275743]The requirements in clause 6.2.2 only apply when both UL and DL of a UE are configured for single CC operation, and they are of the same bandwidth. A UE may reduce its maximum output power due to modulation orders, transmit bandwidth configurations, waveform types and narrow allocations. This Maximum Power Reduction (MPR) is defined in clauses below. The allowed MPR for SRS, PUCCH formats 0, 1, 3 and 4, and PRACH shall be as specified for QPSK modulated DFT-s-OFDM of equivalent RB allocation. The allowed MPR for PUCCH format 2 shall be as specified for QPSK modulated CP-OFDM of equivalent RB allocation. When the maximum output power of a UE is modified by MPR, the power limits specified in clause 6.2.4 apply.
For a UE that is configured for single CC operation with different channel bandwidths in UL and DL, the requirements in clause 6.2A.2 apply.
For all power classes, the waveform defined by BW = 100 MHz, SCS = 120 kHz, DFT-S-OFDM QPSK, 20RB23 is the reference waveform with 0 dB MPR and is used for the power class definition.

[bookmark: _Toc21339313][bookmark: _Toc29804530][bookmark: _Toc36548100][bookmark: _Toc37253318][bookmark: _Toc37253650][bookmark: _Toc37321419][bookmark: _Toc37322604][bookmark: _Toc45889472][bookmark: _Toc52203663][bookmark: _Toc53172453][bookmark: _Toc61118211][bookmark: _Toc67923007][bookmark: _Toc75295670][bookmark: _Toc76510095][bookmark: _Toc83130799][bookmark: _Toc90589045]6.2.2.1	UE maximum output power reduction for power class 1
For power class 1, MPR for contiguous allocations is defined as:
MPR = max(MPRWT, MPRnarrow)
Where,
	MPRnarrow = 14.4 dB, when BWalloc,RB ≤ 1.44 MHz, MPRnarrow = 10 dB, when 1.44 MHz < BWalloc,RB ≤ 10.8 MHz, where BWalloc,RB is the bandwidth of the RB allocation size.
	MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in table 5.3.2-1, and waveform types. MPRWT is defined in Tables 6.2.2.1-1 and 6.2.2.1-2.
Table 6.2.2.1-1 MPRWT for power class 1, BWchannel ≤ 200 MHz
	Modulation
	MPRWT (dB), BWchannel ≤ 200 MHz

	
	Outer RB allocations 
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.5
	0.0
	≤ 3.0

	
	QPSK
	≤ 6.5
	0.0
	≤ 3.0

	
	16 QAM
	≤ 6.5
	≤ 4.0
	≤ 4.0

	
	64 QAM
	≤ 6.5
	≤ 5.0
	≤ 5.0

	CP-OFDM
	QPSK
	≤ 7.0
	≤ 4.5
	≤ 4.5

	
	16 QAM
	≤ 7.0
	≤ 5.5
	≤ 5.5

	
	64 QAM
	≤ 7.5
	≤ 7.5
	≤ 7.5



Table 6.2.2.1-2 MPRWT for power class 1, BWchannel = 400 MHz
	Modulation
	MPRWT (dB), BWchannel = 400 MHz

	
	Outer RB allocations 
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.5
	0.0
	≤ 3.0

	
	QPSK
	≤ 6.5
	0.0
	≤ 3.5

	
	16 QAM
	≤ 6.5
	≤ 4.5
	≤ 4.5

	
	64 QAM
	≤ 6.5
	≤ 6.5
	≤ 6.5

	CP-OFDM
	QPSK
	≤ 7.0
	≤ 5.0
	≤ 5.0

	
	16 QAM
	≤ 7.0
	≤ 6.5
	≤ 6.5

	
	64 QAM
	≤ 9.0
	≤ 9.0
	≤ 9.0



Where the following parameters are defined to specify valid RB allocation ranges for the RB allocations regions in Tables 6.2.2.1-1 and 6.2.2.1-2:
NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1.
RBend = RBStart + LCRB - 1
RBStart,Low = Max(1, Floor(LCRB/2))
RBStart,High = NRB – RBStart,Low – LCRB
An RB allocation is an Outer RB allocation if
RBStart < RBStart,Low OR RBStart > RBStart,High OR LCRB > Ceil(NRB/2) 
An RB allocation belonging to table 6.2.2.1-1 is a Region 1 inner RB allocation if 
RBstart ≥ Ceil(1/3 NRB) AND RBend < Ceil(2/3 NRB)
An RB allocation belonging to table 6.2.2.1-2 is a Region 1 inner RB allocation if
RBstart ≥ Ceil(1/4 NRB) AND RBend < Ceil(3/4 NRB) AND LCRB ≤ Ceil(1/4 NRB)
An RB allocation is a Region 2 inner allocation if it is NOT an Outer allocation AND NOT a Region 1 inner allocation
For the UE maximum output power modified by MPR, the power limits specified in clause 6.2.4 apply.
[bookmark: _Toc21339314][bookmark: _Toc29804531][bookmark: _Toc36548101][bookmark: _Toc37253319][bookmark: _Toc37253651][bookmark: _Toc37321420][bookmark: _Toc37322605][bookmark: _Toc45889473][bookmark: _Toc52203664][bookmark: _Toc53172454][bookmark: _Toc61118212][bookmark: _Toc67923008][bookmark: _Toc75295671][bookmark: _Toc76510096][bookmark: _Toc83130800][bookmark: _Toc90589046]6.2.2.2	UE maximum output power reduction for power class 2
For power class 2, MPR specified in clause 6.2.2.3 applies. 
Table 6.2.2.2-1: Void

[bookmark: _Toc21339315][bookmark: _Toc29804532][bookmark: _Toc36548102][bookmark: _Toc37253320][bookmark: _Toc37253652][bookmark: _Toc37321421][bookmark: _Toc37322606][bookmark: _Toc45889474][bookmark: _Toc52203665][bookmark: _Toc53172455][bookmark: _Toc61118213][bookmark: _Toc67923009][bookmark: _Toc75295672][bookmark: _Toc76510097][bookmark: _Toc83130801][bookmark: _Toc90589047]6.2.2.3	UE maximum output power reduction for power class 3
For power class 3, MPR for contiguous allocations is defined as: 
MPR = max(MPRWT, MPRnarrow)
Where,
	MPRnarrow = 2.5 dB, BWalloc,RB≤ 1.44 MHz, and 0 ≤ RBstart < Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤ NRB-LCRB, where BWalloc,RB is the bandwidth of the RB allocation size.
	MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in Table 5.3.2-1, and waveform types. MPRWT is defined in Table 6.2.2.3-1 and Table 6.2.2.3-2.
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



Where the following parameters are defined to specify valid RB allocation ranges for RB allocations in Tables 6.2.2.3-1 and 6.2.2.3-2:
NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1.
RBend = RBStart + LCRB - 1
An RB allocation belonging to table 6.2.2.3-1 is a Region 1 inner RB allocation if 
RBstart ≥ Ceil(1/3 NRB) AND RBend < Ceil(2/3 NRB)
An RB allocation belonging to table 6.2.2.3-2 is a Region 1 inner RB allocation if
RBstart ≥ Ceil(1/4 NRB) AND RBend < Ceil(3/4 NRB) AND LCRB ≤ Ceil(1/4 NRB)
An RB allocation is an Edge allocation if it is NOT a Region 1 inner allocation
[bookmark: _Toc21339316][bookmark: _Toc29804533][bookmark: _Toc36548103][bookmark: _Toc37253321][bookmark: _Toc37253653][bookmark: _Toc37321422][bookmark: _Toc37322607][bookmark: _Toc45889475][bookmark: _Toc52203666][bookmark: _Toc53172456][bookmark: _Toc61118214][bookmark: _Toc67923010][bookmark: _Toc75295673][bookmark: _Toc76510098][bookmark: _Toc83130802][bookmark: _Toc90589048]6.2.2.4	UE maximum output power reduction for power class 4
For power class 4, MPR specified in clause 6.2.2.3 applies. 
Table 6.2.2.4-1: Void




Observation 1: Definition of Inner and Edge allocations have dependencies with maximum number of RBs that can be allocated.
2.2 Maximum number of RBs allocation
Maximum number of RB allocation per SCS and bandwidth is defined in [2] section 5.3.2: 
	[bookmark: _Toc21339276][bookmark: _Toc29804493][bookmark: _Toc36548063][bookmark: _Toc37253281][bookmark: _Toc37253613][bookmark: _Toc37321382][bookmark: _Toc37322567][bookmark: _Toc45889435][bookmark: _Toc52203626][bookmark: _Toc53172416][bookmark: _Toc61118174][bookmark: _Toc67922970][bookmark: _Toc75295633][bookmark: _Toc76510058][bookmark: _Toc83130762][bookmark: _Toc90589008]5.3.2	Maximum transmission bandwidth configuration
The maximum transmission bandwidth configuration NRB for each UE channel bandwidth and subcarrier spacing is specified in Table 5.3.2-1
Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264






However, table 5.3.2 in [2] does not show the differences on NRB values per waveform.
These differences are due to constraints described in 38.211 ([3]) section 6.3.1.4 where it is indicated that the RB allocation for PUSCH has some constraints as shown below if transform precoding is enabled:
[image: ]
Such dependency can be seen in section 4.5.3 in 38.817-01 ([4]):
	[bookmark: _Toc21020624][bookmark: _Toc52565997][bookmark: _Toc82185031]4.5.3	Maximum RB Allocation, Transmission Bandwidth and Spectrum Utilization for FR2
[bookmark: _Toc21020625][bookmark: _Toc52565998][bookmark: _Toc82185032]4.5.3.1	CP-OFDM Waveform
The following maximum RB allocation defines the minimum spectrum utilization to be realized per channel bandwidths and valid sub-carrier spacing.
Table 4.5.3.1-1: Range 2 NR UE and BS maximum RB allocation for CP-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264



Table 4.5.3.1-2: Range 2 NR UE and BS transmission bandwidths in MHz for CP-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	47.52
	95.04
	190.08
	N.A

	120
	46.08
	95.04
	190.08
	380.16



Table 4.5.3.1-3: Range 2 NR UE and BS spectrum utilization for CP-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	95.0%
	95.0%
	95.0%
	N.A

	120
	92.2%
	95.0%
	95.0%
	95.0%



Table 4.5.3.1-4: Range 2 NR UE and BS minimum guard band sizes (kHz) for CP-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	1210
	2450
	4930
	N.A

	120
	1900
	2420
	4900
	9860



[bookmark: _Toc21020626][bookmark: _Toc52565999][bookmark: _Toc82185033]4.5.3.2	DFT-s-OFDM waveform
The following RB allocation is the closest number lower or equal to CP-OFDM maximum RB allocation satisfying the following equation, partial RB allocations shall also conform to this equation:
number of RB=2^X*3^Y*5^Z
Table 4.5.3.2-1: Range 2 NR UE maximum RB allocation for DFT-S-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	64
	128
	264
	N.A

	120
	32
	64
	128
	264



RB numbering for DFT-s-OFDM waveforms is the same than the RB number for CP-OFDM it is aligned with. In the case where DFT-s-OFDM maximum RB allocation is smaller than the CP-OFDM maximum allocation, all positions within the CP-OFDM allocation are valid. This implies that RBstart values can be higher than the maximum allocation for DFT-s-OFDM. The valid RB start values follow the following equation:
	RBstart DFT-s-OFDM range = 0 to (CP-OFDM maxRB) – (DFT-s-OFDM #RB)
Table 4.5.3.2-2: Range 2 NR UE transmission bandwidths in MHz for DFT-S-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	46.08
	92.16
	190.08
	N.A

	120
	46.08
	92.16
	184.32
	380.16



Table 4.5.3.2-3: Range 2 NR UE spectrum utilization for DFT-S-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	92.2%
	92.2%
	95.0%
	N.A

	120
	92.2%
	92.2%
	92.2%
	95.0%







Observation 2: Maximum number of RBs that can be allocated depends on channel bandwidth, subcarrier spacing and waveform.
However, it should be noticed that in [9] section 4.5.3.2 for DFT-s OFDM there are a couple of incorrect values in the maximum number of resource block allocation for (SCS=60kHz, CBW=200MHz) and (SCS=120kHz, CBW=400MHz), as 264 does not comply with the constraint described above  for PUSCH RB allocations if transform precoding is enabled. 256 value should be used instead. Hence RB maximum RB allocations are as shown in tables below:
Range 2 NR UE and BS maximum RB allocation for CP-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264



Range 2 NR UE maximum RB allocation for DFT-S-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	64
	128
	256
	N.A

	120
	32
	64
	128
	256


2.3 Inner Region 1
· Inner region 1 is defined by:
· For CBW≤200 MHz:
· RBstart ≥ Ceil(1/3 NRB) AND RBend < Ceil(2/3 NRB)

· For CBW=400 MHz:
· RBstart ≥ Ceil(1/4 NRB) AND RBend < Ceil(3/4 NRB) AND LCRB ≤ Ceil(1/4 NRB)
Analyzing the left boundary of Inner Region 1, it can be seen that:
· For CBW≤200 MHz:
· RBstart = Ceil(1/3 NRB)

· For CBW=400 MHz:
· RBstart = Ceil(1/4 NRB) 
Table 2.3-1 Range 2 NR UE Inner Region 1 left boundary (RBStart) for CP-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	22
	44
	88
	N/A

	120
	11
	22
	44
	66



Table 2.3-2 Range 2 NR UE Inner Region 1 left boundary (RBStart) for DFT-s OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	22
	43
	86
	N/A

	120
	11
	22
	43
	64



Observation 3: Values highlighted in red in Table 2.3-2 are incorrect in Table 6.1-1 in 38.521-2 ([1]) and should be corrected either in Inner Full as well as in Inner_1RB_left and Inner_Partial_Left.
Proposal 1: Correct RBstart for Inner_Full and Inner_1RB_left as shown in Table 2.3-2.
If now right boundary is analyzed, it can be seen that 
· For CBW≤200MHz:
· RBend = Ceil(2/3 NRB) -1
· RBStart + LCRB – 1= Ceil(2/3 NRB) -1RBStart=Ceil(2/3 NRB) - LCRB+1-1
· RBStart = Ceil(2/3 NRB) – 1
· For CBW=400MHz:
· RBend = Ceil(3/4 NRB) -1
· RBStart + LCRB – 1= Ceil(3/4 NRB) -1RBStart=Ceil(3/4 NRB) - LCRB+1-1
· RBStart = Ceil(3/4 NRB) - 1
Table 2.3-3 Range 2 NR UE Inner Region 1 right boundary (RBStart) for CP-OFDM (assuming 1 RB allocated)
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	43
	87
	175
	N/A

	120
	21
	43
	87
	197



Table 2.3-4 Range 2 NR UE Inner Region 1 right boundary (RBStart) for DFT-s OFDM (assuming 1 RB allocated)
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	42
	85
	170
	N/A

	120
	21
	42
	85
	191



Observation 4: Values highlighted in red in Table 2.3-4 are incorrect in Table 6.1-1 in 38.521-2 ([1]) and should be corrected in Inner_1RB_Right.
Proposal 2: Correct RBStart for Inner_1RB_Right as shown in Table 2.3-4.
Based on Table 2.3-4 and taking into account that Inner Partial is always 4 RBs, RBstart for Inner_Partial_Right can be calculated as:
· RBend = Ceil(2/3 NRB) -1 RBStart + LCRB – 1= Ceil(2/3 NRB) -1
· RBStart=Ceil(2/3 NRB) - LCRB+1-1RBStart = Ceil(2/3 NRB) - 4
Table 2.3-5 Range 2 NR UE Inner Region 1 RBStart for Inner_Partial_Right for CP- OFDM (4 RB allocated)
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	40
	84
	172
	N/A

	120
	18
	40
	84
	194



Table 2.3-6 Range 2 NR UE Inner Region 1 RBStart for Inner_Partial_Right for DFTs- OFDM (4 RB allocated)
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	39
	82
	167
	N/A

	120
	18
	39
	82
	188



Observation 5: Values highlighted in red in Table 2.3-6 are incorrect in Table 6.1-1 in 38.521-2 ([1]) and should be corrected in Inner_Partial_Right.
Proposal 3: Correct RBStart for Inner_Partial_Right as shown in Table 2.3-6.
Finally, if Inner_Full is the largest RB allocation within Region 1 inner allocation defined in 6.2.2.3.3 and needs to be left alined with Region 1 (according to Note 1 in Table 6.1-1 in 38.521-2 ([1])), RBStart for 400 MHz CBW and DFTs-OFDM is not correct.
Observation 6: RBStart for Inner_Full with CBW=400MHz and DFTs-OFDM is not correct.
Proposal 4: Correct RBStart for Inner_Full with CBW=400MHz and DFTs-OFDM as RBStart = Ceil(1/4 NRB)=64.
3. 	Conclusion
This document highlights some corrections needed in table 6.1-1 in 38.521-2 ([1]) and make the following observations and proposals:
Observation 1: Definition of Inner and Edge allocations have dependencies with maximum number of RBs that can be allocated.
Observation 2: Maximum number of RBs that can be allocated depends on channel bandwidth, subcarrier spacing and waveform.
Observation 3: Values highlighted in red in Table 2.3-2 are incorrect in Table 6.1-1 in 38.521-2 ([1]) and should be corrected either in Inner Full as well as in Inner_1RB_left and Inner_Partial_Left.
Table 2.3-2 Range 2 NR UE Inner Region 1 left boundary (RBStart) for DFT-s OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	22
	43
	86
	N/A

	120
	11
	22
	43
	64



Proposal 1: Correct RBStart for Inner_Full and Inner_1RB_left as shown in Table 2.3-2.
Observation 4: Values highlighted in red in Table 2.3-4 are incorrect in Table 6.1-1 in 38.521-2 ([1]) and should be corrected in Inner_1RB_Right.
Table 2.3-4 Range 2 NR UE Inner Region 1 right boundary (RBStart for DFT-s OFDM (assuming 1 RB allocated)
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	42
	85
	170
	N/A

	120
	21
	42
	85
	191



Proposal 2: Correct RBstart for Inner_1RB_Right as shown in Table 2.3-4.
Observation 5: Values highlighted in red in Table 2.3-6 are incorrect in Table 6.1-1 in 38.521-2 ([1]) and should be corrected in Inner_Partial_Right.
Table 2.3-6 Range 2 NR UE Inner Region 1 RBStart for Inner_Partial_Right for DFTs- OFDM (4 RB allocated)
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	39
	82
	167
	N/A

	120
	18
	39
	82
	188


Proposal 3: Correct RBstart for Inner_Partial_Right as shown in Table 2.3-6.
Observation 6: RBStart for Inner_Full with CBW=400MHz and DFTs-OFDM is not correct.
Proposal 4: Correct RBStart for Inner_Full with CBW=400MHz and DFTs-OFDM as RBstart = Ceil(1/4 NRB)=64.
All the above proposals are implemented and submitted for approval in [5]. 
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