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Discussion on test point selection for NS_04 A-MPR in FR1
1 Background 
The general agreement in RAN5 is that FR1 testing should follow what is being tested for LTE. This is also valid for test point selection for A-MPR in FR1. 
The purpose of this paper is to provide an analysis for the parameters in test configuration table and a selection of test points for test environment, test frequencies, channel bandwidths, SCS, RB allocation and modulation. 
2 Discussion 

The selection of test points below is partly based on approved test point analyzes for SEM [2, 3] and for FR1. In general, for A-MPR the emissions minimum requirements are SEM and/or Spurious. The proposals below are basically the same as what have been proposed for NS_35 in [4]. However, some additional test frequencies are required for NS_04 A-MPR tests. 
2.1 Test Environment
Based on the baseline agreed in [2], the test environment for NR A-MPR measurement for FR1 can be defined as in LTE.

PROPOSAL 1: Select Test Environment as Normal Conditions (NC) for A-MPR in FR1.
2.2 Test Frequencies

The selection of the general test frequencies can be based on the agreed proposals for SEM [2], i.e. Low and High frequency. 
PROPOSAL 2: Select Low range and High range as general test frequencies for NS_04 A-MPR in FR1.
2.3 Additional Test Frequencies for NS_04
NS_04 can be signalled for a UE supporting band n41, where FUL_low = 2496 MHz and where FUL_high = 2690 MHz. The Maximum transmission bandwidth for NR is shown in figure 1.
[image: image1.emf]Table 5.3.2 - 1: Maximum transmission bandwidth configuration N RB         (TS  38. 101 - 1)      

SCS  (kHz)  5MHz  10MHz  15MHz  20  MHz  25  MHz  30 MHz  40  MHz  50MHz  60  MHz  80  MHz  90 MHz  100  MHz  

N RB  N RB  N RB  N RB  N RB  N RB  N RB  N RB  N RB  N RB  N RB  N RB  

15  25  52  79  106  133  160  216  270  N/A  N/A  N/A  N/A  

30  11  24  38  51  65  78  106  133  162  217  245  273  

60  N/A  11  18  24  31  38  51  65  79  107  121  135  


Figure 1: Maximum transmission badwidth.
The following channel bandwidths (BWChannel) are supported for NR band n41: 

[image: image2.emf]Table 5.3.5 - 1 Channel  bandwidths  for  each  NR band          ( T S   3 8 . 1 01 - 1 )  

 NR   band / SCS / UE Channel bandwidth  

NR Band  SCS   kHz  5  MHz  10 1,2   MHz  15 2   MHz  20 2   MHz  25 2   MHz  30  MHz  40  MHz  50  MHz  60  MHz  80  MHz  90  MHz  100  MHz  

n1  15  Yes  Yes  Yes  Yes          

30   Yes  Yes  Yes          

60   Yes  Yes  Yes          

              

             

             

n40  15  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes      

30   Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes    

60   Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes    

n41  15   Yes  Yes  Yes    Yes  Yes      

30   Yes  Yes  Yes    Yes  Yes  Yes  Yes  Yes  Yes  

60   Yes  Yes  Yes    Yes  Yes  Yes  Yes  Yes  Yes  

n50  15  Yes  Yes  Yes  Yes    Yes  Yes      

30   Yes  Yes  Yes    Yes  Yes  Yes  Yes 3    

60   Yes  Yes  Yes    Yes  Yes  Yes  Yes 3    

NOTE 1:   90% spectrum utilization may not be achieved for 30kHz SCS.   NOTE 2:   90% spectrum  utilization may not be achieved for 60kHz SCS.   NOTE 3:   This UE channel bandwidth is applicable only to downlink.   

 


Figure 2: Channel bandwiths for some NR bands.
The A -MPR requirement for NS_04 is shown in the figures below. 
[image: image3.emf]6.2.3.2   A - MPR for NS_04                          ( TS 38.101 - 1  V15.3.0 )     If a UE is configured for n41 on the uplink and it receives IE NS_04 the allowed maximum power reduction applied to  tranmissions on n41 is defined as follows. For NS_04, A - MPR is not added to MPR. Also, when NS_04 is signalled,  MPR shall be set to zero in  the  P CMAX   equations to avoid double - counting MPR.    Allowed maximum power reduction  is defined as A - MPR=max(MPR, A - MPR'),      Note that  A - MPR'=0dB means only MPR is applied,   where  A - MPR' is defined as      if  RB start   ≤ f start,max,IMD3   / (12  SCS)   and L CRB   ≤ AW max,IMD3   / (12  SCS)   and  F C   -   BW Channel /2 < F UL_low   + offset IMD3 ,   then     the A - MPR' is defined according to Table  6.2.3.2 - 2   PC3_A2 for Power Class 3 and PC2 A4 for Power  Class 2 ,   else,   if RB start   ≤ L CRB /2 +    start   / (12  SCS)   and L CRB   ≤ AW max,regrowth   / (12  SCS)   and F C   -   BW Channel /2 < F UL_low   +   offset regrowth ,   then     the A - MPR' is defined according to Table  6.2.3.2 - 2   PC3_A1 for Power Class 3 and PC2 A3 for Power  Class 2 ,   else     A - MPR' = 0 dB  and apply MPR .     With the param e ters defined in Table 6.2.3.2 - 1.     


Figure 3: A-MPR requirements for NS_04.
[image: image4.emf]Tabl e 6.2.3.2 - 1: Parameters for region edges and frequency offsets          ( TS 38.101 - 1  V15.3.0 )  

Parameter  Symbol  Value  Related condition  

OFDM  DFT - S - OFDM  

Max allocation start in  IMD3 region  f start,max,IMD3  0.33  BW Channel  RB start   ≤ f start,max,IMD3   / (12SCS)  

Max allocation BW in IMD3  region  AW max,IMD3  4   MHz  L CRB   ≤ AW max,IMD3   / (12SCS)  

Max freq. offset for IMD3  region  offset max,IMD3  BW Channel   -   6MHz     

Freq. offset required to  avoid A - MPR in IMD3  region  offset IMD3  offset max,IMD3 F C   -   BW Channel /2 ≥ F UL_low   +  offset IMD3  

Right edge of  regrowth  region   start  0.08  BW Channel  RB start   ≤ L CRB /2 +   start   /  (12SCS)  

Max allocation BW in  regrowth region  AW max,regrowth  100 MHz  L CRB   ≤  Min( L CRB,Max,  AW max,regrowth   / (12SCS) )  

Freq. offset required to  avoid A - MPR in regrowth  region  offset regrowth  Max (10 MHz,  0.25* BW Channel   MHz)  Max (10  MHz, 0.45*  BW Channel   MHz)    F C   -   BW Channel /2 ≥ F UL_low   +  offset regrowth  

 


Figure 4: Parameters for the A-MPR.
If we omit the restrictions for RB start and LCRB above, the requirements can be rewritten as follows: 
[image: image5.emf]  IF   F C   < F UL_low  + 3/2  ×   BW Channel      6     THEN          A - MPR is defined according to  PC 3 _A 2   for power c lass 3 and  PC2_A4   for power class 2     MPR =0     ELSE          IF  F C   < F UL_low  + 1 /2  ×   BW Channel   + MAX(10   MHz,  0.2 5 ×   BW Channel )   for OFDM       OR                F C   < F UL_low  + 1 /2  ×   BW Channel   + MAX(10   MHz,  0.45 ×   BW Channel )   for  DFT - S - OFDM or   THEN               A - MPR is defined according to  PC 3 _A 1   for power c lass 3 and  PC2_A 3   for power class 2       MPR =0     ELSE      A - MPR=0dB and apply MPR  


Figure 5: Definitions A-MPR requirements and center frequencies (FC).
By Inserting the BWChannel and FUL_low for band n41 in the above equations for FC we get the following additional test frequencies: 
Table 1: Aditional test frequencies for different BWChannel and modulations.
	BWChannel (MHz)
	OFDM and DFT-S-AFDM: 
FC <  FUL_low + 3/2 × BWChannel - 6  
	OFDM:
FC <  FUL_low + 1/2 × BWChannel + MAX(10 MHz, 0.25× BWChannel)
	DFT-S-OFDM:
FC <  FUL_low + 1/2 × BWChannel + MAX(10 MHz, 0.45× BWChannel)

	10
	2505
	2511
	2511

	15
	2512.5
	2513.5
	2513.5

	20
	2520
	2516
	2516

	40
	2550
	2526
	2534

	50
	2565
	2533.5
	2543.5

	60
	2580
	2541
	2553

	80
	2610
	2556
	2572

	90
	2625
	2563.5
	2581.5

	100
	2640
	2571
	2591


Table 2: NS_04 test frequencies and test requirements for 10 MHz and 100 MHz.
	BWChannel (MHz)
	A-MPR req
	PC3_A2/ PC2_A4
	PC3_A1/ PC2_A3
	A-MPR=0 
(apply MPR)

	10
	FC   [MHz] 
	FC < 2505  
	FC < 2511 
	2511 ≤ FC

	100
	FC   [MHz]
	FC < 2640
	FC < 2571              (OFDM)
FC < 2591  (DFT-S-OFDM)
	2640 ≤ FC


Table 2 shows that for 10 MHz channel bandwidth PC3_A2 and PC2_A4 A-MPR requirements shall be tested for FC < 2505 MHz PC3_A1 and PC2_A3 shall be tested for FC < 2511 MHz. For FC larger or equal to 2511 MHz MPR requirements shall be applied (A-MPR=0). For lagrer bandwidths, e.g. 100 MHz other FC values applies. Other channel bandwidths have been left out to simplify the discussion on test frequencies for NS_04.
[image: image6.emf] 

Table 6.2.3.2 - 2:  A - MPR'  values Access  Modulation  MPR’ (dB)  

PC3_A1   PC3_A2  PC2_A3  PC2_A4  

DFT - S - OFDM  pi/2 - BPSK  3.5  3.5  3.5  [5.5]  

QPSK  4  4  4.5  [6]  

16 - QAM  4  4  5  [6]  

64 - QAM   4.5  5  [6.5]  

256 - QAM  4.5  6  6.5  [8]  

CP - OFDM  QPSK  5.5  5.5  6.5  [7.5]  

16 - QAM  5.5  5.5  6.5  [7.5]  

64 - QAM  5.5  5.5  6.5  [7.5]  

256 - QAM  6.5  8  7.5  [10]  

N OTE :   T he A - MPR’ values in this table apply for both A - MPR relative to  23 dBm for  PC3 and A - MPR relative to 26 dBm for PC2  

 


Figure 6: NS_04 A-MPR requirements for different modulations and power classes (PC). 

The equations for RBstart and LCRB in figure 3 can be used to calculate the following limitations for the RB allocation. The result is shown in Table 3 for 10 MHz and 100 MHz channelbandwidth, with proposals for RB allocations to be used in test. The start of the frequency range for the A-MPR=0 test case is either defined by fequncey range for PC3_A2/ PC3_A4 or PC3_A1/ PC3_A3. The largest frequency range defines the start of the frequency range for A-MPR=0. 
For 10MHz channel bandwidth, FUL_low + 3/2 × BWChannel – 6 < FUL_low + 1/2 × BWChannel + MAX(10 MHz, 0.25× BWChannel), and for 100MHz channel bandwidth, FUL_low + 3/2 × BWChannel – 6 > FUL_low + 1/2 × BWChannel + MAX(10 MHz, 0.25× BWChannel). When FUL_low + 1/2 × BWChannel + MAX(10 MHz, 0.25× BWChannel) is selected as test frequency, the RBstart and LCRB shall be selected carefully to make sure PC3_A1/ PC2_A3 A-MPR requirements apply.
Table 3: NS_04 Proposed RB allocation for 10 MHz and 100 MHz.
	BWChannel 
	A-MPR req
	PC3_A2/ PC2_A4
	PC3_A1/ PC2_A3
	A-MPR=0 
(apply MPR)

	10 MHz
	FC   [MHz] 
	FC < 2505  
	FC < 2511 
	2511 ≤ FC

	
	RBstart
	≤ 18 for SCS= 15 kHz
≤ 4 for   SCS= 60 kHz
	≤ 30 for  SCS= 15 kHz
≤ 6 for   SCS= 60 kHz
	0-51 for SCS= 15 kHz

0-10 for SCS= 60 kHz

	
	LCRB
	≤ 22 for SCS= 15 kHz
≤ 5 for   SCS= 60 kHz
	≤ 52 for  SCS= 15 kHz
≤ 11for   SCS= 60 kHz
	>0 

	
	Proposed RB allocation
	Edge_1RB_Left 
	
Inner Full

Outer Full
	Edge_1RB_Left

Inner Full

Outer Full


	100 MHz
	FC   [MHz]
	FC < 2640
	FC < 2571              (OFDM)
FC < 2591  (DFT-S-OFDM)
	2640 ≤ FC

	
	RBstart
	≤ 91 for  SCS= 30 kHz
≤ 45 for  SCS= 60 kHz
	≤ 158 for  SCS= 30 kHz
≤ 78 for   SCS= 60 kHz
	0-272 for SCS= 30 kHz

0-134 for SCS= 60 kHz

	
	LCRB
	≤ 11 for  SCS= 30 kHz
≤ 5 for    SCS= 60 kHz
	≤ 273 for  SCS= 30 kHz
≤ 135 for  SCS= 60 kHz
	>0 

	
	Proposed RB allocation
	Edge_1RB_Left 
	
Inner Full

Outer Full
	Edge_1RB_Left

Inner Full

Outer Full



PROPOSAL 3: Select additional test frequencies for each channel bandwidth based on PC3_A2/ PC2_A4 A-MPR requirements and center frequencies (FC) and test using Edge_1RB_Left RB allocation, and select additional test frequencies for each channel bandwidth based on PC3_A1/ PC2_A3 A-MPR requirements and center frequencies (FC) and test using Inner Full and Outer Full RB allocation.
2.4 Test Channel Bandwidth

Minimum requirements for NS_04 applies for all channel bandwidths. Select channel bandwidth to test as for SEM [2] 


PROPOSAL 4: Select Lowest and Highest test channel bandwidth for NS_04 A-MPR in FR1.
2.5 Test Subcarrier Spacing

The selection of test subcarrier spacing can be based on the agreed proposals for SEM [2], i.e. lowest and highest supported subcarrier spacing. 

PROPOSAL 5: Select Lowest and Highest supported subcarrier spacing for NS_04 A-MPR in FR1.
2.6 UL Modulation

The selection of UL modulation can be based on the agreed proposals for SEM [2], i.e. all defined UL waveforms (5 DFT-s OFDM and 4 CP-OFDM waveforms). 

PROPOSAL 6: Test all UL modulation waveforms supported by the UE for NS_04 A-MPR in FR1.
2.7 Uplink RB allocation

For parts of the band where A-MPR=0, the selection of UL RB allocation can be based on the agreed proposals for SEM [2].
PROPOSAL 7: For NS_04 where A-MPR=0 base the uplink RB allocation on the agreed proposal for SEM.  
2.7.
Number of Test Points
The number of test points for NS_04 AMPR is equal to 139 test points.
2.7.
Exceptions for A-MPR UL-MIMO test
The requirements of A-MPR for UL-MIMO is the same as the requirements of single antenna A-MPR test case 6.2.3, therefor the test point selection in proposal 1~5 and 7 can be reused without any change.
CP-OFDM is mandatory in case UL-MIMO transmission with two layer data, only CP-OFDM test points selected in proposal 6 are valid for UL-MIMO. 
PROPOSAL 8: Test points selected in proposals 1~5 and 7 can be reused by A-MPR UL-MIMO testing, and only CP-OFDM test points selected in proposal 6 are reused for UL-MIMO.
3 Proposal
It is proposed that RAN5 discusses and agrees the following proposals for open areas described in section 2 of this document to progress on SA FR1 NS_04 A-MPR in FR1 test case definition:

PROPOSAL 1: Select Test Environment as Normal Conditions (NC) for A-MPR in FR1.
PROPOSAL 2: Select Low range and High range test frequencies for NS_04 A-MPR in FR1.
PROPOSAL 3: Select additional test frequencies for each channel bandwidth based on PC3_A2/ PC2_A4 A-MPR requirements and 
center frequencies (FC) and test using Edge_1RB_Left RB allocation, and select additional test frequencies for each channel bandwidth based on PC3_A1/ PC2_A3 A-MPR requirements and center frequencies (FC) and test using Inner Full and Outer Full RB allocation.
PROPOSAL 4: Select Lowest and Highest test channel bandwidth for NS_04 A-MPR in FR1.
PROPOSAL 5: Select Lowest and Highest supported subcarrier spacing for NS_04 A-MPR in FR1.
PROPOSAL 6: Test all UL modulation waveforms supported by the UE for NS_04 A-MPR in FR1
PROPOSAL 7: For NS_04 A-MPR base the uplink RB allocation on the agreed proposal for SEM.
PROPOSAL 8: Test points selected in proposals 1~5 and 7 can be reused by A-MPR UL-MIMO testing, and only CP-OFDM test points selected in proposal 6 are reused for UL-MIMO.
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