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1	Introduction
RAN4 received a LS [1] from RAN5 on A-MPR regions for NS_50 for power class 2. It seems that some of the A-MPR regions are invalid for SCS=60kHz. In the following, we share some analysis and proposals for the issue.
2	Discussion
2.1 Test points for SCS=60kHz
As pointed in [1], the maximum number of RBs for a given channel BW varies with SCS, and is specified in Table 5.3.2-1 of TS 38.101-1 [2] as shown below:
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RAN5 has raised questions on three cases for BW=10MHz, 15MHz and 20MHz, respectively.
· CBW=10MHz, SCS=60kHz
For this case, the maximum number of RBs N_RB is 11. Hence, the valid range for RB_start is 0~10, and for L_CRB is 1~11. Furthermore, RB_start + L_CRB ≤ 11.

For the region assigned A-MPR value A4, the following conditions need to be met [2]:
	RB_start*12*SCS (MHz) > 1.8, and L_CRB*12*SCS (MHz) ≥ 8.1-RB_start*12*SCS.
With SCS=60kHz, we have:
	RB_start > 2.5, and L_CRB + RB_start ≥ 11.25.

It can be seen that the 2nd constraint exceeds the limit of 11.  Hence, the region with A-MPR value A4 is not applicable for SCS=60kHz.

Observation 1: For channel BW=10MHz and SCS=60kHz, no RB would be allocated to the A-MPR region with A-MPR value A4. Hence no A-MPR is applicable.

· CBW=15MHz, SCS=60kHz
For this case, the maximum number of RBs N_RB is 18. Hence, the valid range for RB_start is 0~17, and for L_CRB is 1~18. Furthermore, RB_start + L_CRB ≤ 18.

For the region assigned A-MPR value A4, the following conditions need to be met [2]:
	RB_start*12*SCS (MHz) > 3.24, and L_CRB*12*SCS (MHz) ≥ 12.42-RB_start*12*SCS.
With SCS=60kHz, we have:
	RB_start > 4.5, and L_CRB + RB_start ≥ 17.25.

It can be seen that for the region having A-MPR A4, the condition of RB_start+L_CRB=18 has to be satisfied.
Table 1: L_CRB for given RB_start in the region having A-MPR of A4 for CBW=15MHz and SCS=60kHz.
	RB_start
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17

	L_CRB
	CP-OFDM
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1

	
	DFT-s-OFDM
	n/a
	12
	n/a
	10
	9
	8
	n/a
	6
	5
	4
	3
	2
	1



Observation 2: For channel BW=15MHz and SCS=60kHz, the test point may use RB_start=5 and L_CRB=13 for CP-OFDM, and use RB_start=6 and L_CRB=12 for DFT-s-OFDM.

· CBW=20MHz, SCS=60kHz
For this case, the maximum number of RBs N_RB is 24. Hence, the valid range for RB_start is 0~23, and for L_CRB is 1~24. Furthermore, RB_start + L_CRB ≤ 24.

For the region assigned A-MPR value A4, the following conditions need to be met [2]:
	RB_start*12*SCS (MHz) > 4.5, and L_CRB*12*SCS (MHz) ≥ 17.1-RB_start*12*SCS.
With SCS=60kHz, we have:
	RB_start > 6.25, and L_CRB + RB_start ≥ 23.75.

It can be seen that for the region having A-MPR A4, the condition of RB_start+L_CRB=24 has to be satisfied.
Table 2: L_CRB for given RB_start in the region having A-MPR of A4 for CBW=20MHz and SCS=60kHz.
	RB_start
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	L_CRB
	CP-OFDM
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1

	
	DFT-s-OFDM
	n/a
	16
	15
	n/a
	n/a
	12
	n/a
	10
	9
	8
	n/a
	6
	5
	4
	3
	2
	1



Observation 3: For channel BW=20MHz and SCS=60kHz, the test point may use RB_start=7 and L_CRB=17 for CP-OFDM, and use RB_start=8 and L_CRB=16 for DFT-s-OFDM.
Based on the above analysis, the questions raised in RAN5’s LS can be answered. It’s proposed to communicate the findings to RAN5.
Proposal 1: Notify RAN5 about the findings in Observation 1, 2, and 3, based on the draft LS in the appendix.
2.2 Other issues not raised by RAN5
In the course of examining the A-MPR requirements for NS_50, additional issues for PC2 A-MPR are also identified. For the sake of convenience, the table defining the A-MPR regions in [2] is duplicated below, where the regions containing potential problems are highlighted.

Table 6.2.3.19-3: A-MPR regions for NS_50 (Power Class 2)
Channel Bandwidth (MHz)
RBstart*12*SCS (MHz)
LCRB*12*SCS (MHz)
A-MPR
10 MHz
≤ 1.44
< 1.44
A5

≤ 1.8
≥ 2.7+2* RBstart*12*SCS
A4

>1.8
≥ 8.1- RBstart*12*SCS
A4
15 MHz
≤ 2.88
< 2.7
A5

≤ 3.24
≥ 2.7+2* RBstart*12*SCS
A3

>3.24
≥ 12.42- RBstart*12*SCS
A4
20 MHz
≤ 4.32
< 3.6
A5

≤ 4.5
≥ 3.6+2* RBstart*12*SCS
A3

>4.5
≥ 17.1- RBstart*12*SCS
A4
25 MHz
≤ LCRB*12*SCS – 5
> 5
A2

≤ 6.3
≤ 1.44
A5

> 8.28
> max (21.6 – RBstart*12*SCS, 0), <RBstart*12*SCS+5
A4

>1.8, ≤6.12
> 1.44, ≤ 3.6 
A6

> LCRB *12*SCS – 5, ≤ 5.04
> 1.44
A4
30 MHz


≤ LCRB*12*SCS – 5
>5
A2

≤ 7.56
≤ 1.44
A5

 >1.8, ≤7.56 
> 1.44, ≤ 3.6
A6

 ≤ 1.8
>1.44, <RBstart*12*SCS+5
A4

> 10.8
> max (26.64 – RBstart*12*SCS, 0), <RBstart*12*SCS+5
A4
40 MHz




≤ 4.32
> 0
A1

> 4.32
> RBstart*12*SCS + 11.88
A1

> 4.32, ≤ 12.96
≤ 10.8
A3

> 4.32, ≤ 18
> 10.8, <= RBstart*12*SCS + 11.88
A7

> 18, ≤ 31.68
> max (31.68 – RBstart*12*SCS, 0)
A4

> 31.68
> 0
A1
NOTE 1:	The A-MPR values are specified in Table 6.2.3.19-4.


· CBW=25MHz
It can be seen that among the highlighted parts, the region for A4 overlaps with the region for A6. The boundary of the two regions should be RB_start*12*SCS=1.8MHz, not 5.04MHz. 

For simplification, it’d be better to align the boundary between the region for A5 and A6, i.e. use RB_start*12*SCS=6.3MHz instead of 6.12MHz for A6. Since 6.3MHz is not an integer multiple of SCS=60kHz, it’s proposed to use 6.48MHz as the boundary value, which is also in line with the region defined for PC3.

Proposal 2: Modify the A-MPR regions for BW=25MHz as below in order to avoid overlapping.

Table 3: Modification of the A-MPR regions for BW=25MHz
	25 MHz
	≤ LCRB*12*SCS – 5
	> 5
	A2

	
	≤ 6.48
	≤ 1.44
	A5

	
	> 8.28
	> max (21.6 – RBstart*12*SCS, 0), <RBstart*12*SCS+5
	A4

	
	>1.8, ≤6.48
	> 1.44, ≤ 3.6 
	A6

	
	> LCRB *12*SCS – 5, ≤ 1.8
	> 1.44
	A4




· CBW=40MHz
When comparing the A-MPR regions between PC2 and PC3, it can be seen that the following region having A-MPR A1 for PC2 is included in the region with A-MPR A2 for PC3.
	PC2
	> 4.32
	> RBstart*12*SCS + 11.88
	A1

	PC3
	> 4.32, ≤ 18
	> 10.8
	A2



Furthermore, A1 is 11.5/12.5dB for PC2, while A2 is 7/8dB for PC3. The difference is 4.5dB, which implies that the max power of the PC2 UE may be lower than that required for PC3. 
Similarly, the following region for PC2 has A-MPR 6.5/7.5dB larger than that for PC3, since A5 is only 5dB for PC3.
	PC2
	> 31.68
	> 0
	A1

	PC3
	> 31.68
	> 0
	A5



In order to maintain the system performance, it’s necessary to ensure that a PC2 UE shall also meet the A-MPR requirements for PC3. Hence, it’s proposed to modify the PC2 A-MPR requirements to ensure that the A-MPR value is no more than 3dB larger than that for PC3 for the same region.
Proposal 3: Modify the A-MPR regions for BW=40MHz to ensure that the A-MPR value is no more than 3dB larger than that for PC3 for the same RB allocation.
A simple solution is to set the PC2 A-MPR value 3dB above the PC3 A-MPR as shown below.
Table 4: Modification of the A-MPR regions for BW=40MHz
	40 MHz




	≤ 4.32
	> 0
	A1

	
	> 4.32
	> RBstart*12*SCS + 11.88
	A8

	
	> 4.32, ≤ 12.96
	≤ 10.8
	A3

	
	> 4.32, ≤ 18
	> 10.8, <= RBstart*12*SCS + 11.88
	A7

	
	> 18, ≤ 31.68
	> max (31.68 – RBstart*12*SCS, 0)
	A4

	
	> 31.68
	> 0
	A9



Table 5: New A-MPR values added for BW=40MHz
	Modulation/Waveform

	A8 (dB)
	A9 (dB)

	
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM




	Pi/2 BPSK
	≤ 10
	≤ 8

	
	QPSK
	≤ 10
	≤ 8

	
	16 QAM
	≤ 10
	≤ 8

	
	64 QAM
	≤ 10
	≤ 8

	
	256 QAM
	≤ 10
	≤ 8

	CP-OFDM



	QPSK
	≤ 11
	≤ 8

	
	16 QAM
	≤ 11
	≤ 8

	
	64 QAM
	≤ 11
	≤ 8

	
	256 QAM
	≤ 11
	≤ 8




3	Conclusion
In this paper, we have shared our analysis on the issues related to PC2 A-MPR requirements for NS_50. The following observations and proposals are presented:
Observation 1: For channel BW=10MHz and SCS=60kHz, no RB would be allocated to the A-MPR region with A-MPR value A4. Hence no A-MPR is applicable.

Observation 2: For channel BW=15MHz and SCS=60kHz, the test point may use RB_start=5 and L_CRB=13 for CP-OFDM, and use RB_start=6 and L_CRB=12 for DFT-s-OFDM.
Observation 3: For channel BW=20MHz and SCS=60kHz, the test point may use RB_start=7 and L_CRB=17 for CP-OFDM, and use RB_start=8 and L_CRB=16 for DFT-s-OFDM.
Proposal 1: Notify RAN5 about the findings in Observation 1, 2, and 3, based on the draft LS in the appendix.
Proposal 2: Modify the A-MPR regions for BW=25MHz as below in order to avoid overlapping.

	25 MHz
	≤ LCRB*12*SCS – 5
	> 5
	A2

	
	≤ 6.48
	≤ 1.44
	A5

	
	> 8.28
	> max (21.6 – RBstart*12*SCS, 0), <RBstart*12*SCS+5
	A4

	
	>1.8, ≤6.48
	> 1.44, ≤ 3.6 
	A6

	
	> LCRB *12*SCS – 5, ≤ 1.8
	> 1.44
	A4



[bookmark: _GoBack]Proposal 3: Modify the A-MPR regions for BW=40MHz to ensure that the A-MPR value is no more than 3dB larger than that for PC3 for the same RB allocation.
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Text proposal for the reply LS
1. Overall Description:
RAN4 would like to thank RAN5 for the LS on A-MPR regions for NS_50 (Power Class 2). It is RAN4’s understanding that the A-MPR regions are defined in terms of frequency limits within a given channel bandwidth. If there is no valid RB allocation in a given region due to e.g., increased SCS, the specified A-MPR value is not applicable.
       
More specifically, RAN4 has made the following observations regarding the test points for SCS=60kHz.

Observation 1: For channel BW=10MHz and SCS=60kHz, no RB would be allocated to the A-MPR region with A-MPR value A4. Hence no A-MPR is applicable.

Observation 2: For channel BW=15MHz and SCS=60kHz, the test point may be defined using RB_start=5 and L_CRB=13 for CP-OFDM, and using RB_start=6 and L_CRB=12 for DFT-s-OFDM.

Observation 3: For channel BW=20MHz and SCS=60kHz, the test point may be defined using RB_start=7 and L_CRB=17 for CP-OFDM, and using RB_start=8 and L_CRB=16 for DFT-s-OFDM.

2. Actions:
RAN4 kindly requests RAN5 to take the above information into account when developing the test specifications for NS_50 A-MPR.

