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1. Introduction
An important aspect for the determination of MPR is the placement of RB’s within the channel.  For the case where centering of the transmission bandwidth configuration within the channel is possible, the MPR can be derived straightforwardly since the general emission requirements (ACLR, SEM, spurious emissions) are symmetric with respect to the channel.  However, for NR it may not be possible to center the transmission bandwidth configuration within the channel.  This contribution discusses how to locate the transmission bandwidth configuration and provides a proposal for each of the channel bandwidths and associated numerologies.  Both sub-6 and mmW are included.
2. Discussion

2.1. Background

[image: image7.emf] 

   

Transmission  

Center subcarrier (corresponds to  DC in baseband) is not trans mitted  in downlink  

Active Resource Blocks  

  C hannel  edge  

 

  C hannel  edge  

 

Resource  block  

Transmission bandwidth configuration [N RB ]  

bandwidth  [RB]  

Channel bandwidth [MHz]  

The transmission bandwidth configuration defines the size and location of RB’s in a fully allocated channel.  Active RB’s are always contained within the transmission bandwidth configuration.  For LTE, the transmission bandwidth configuration is illustrated in Figure 5.6-1 of 36.101, reproduced below.
For LTE, the transmission bandwidth configuration for a single carrier is always located in the center of the channel such that the guard bands are symmetric to the upper and lower channel edges.  Furthermore, the center subcarrier (i.e., the middle of the transmission bandwidth configuration) is assumed to be located in the center of the channel and coincides exactly with the LO frequency (or DC in baseband).

In the subsequent discussion, the center subcarrier continues to be located at the center of the transmission bandwidth configuration with the understanding that if the number of subcarriers is even, there may not be a subcarrier located at the exact center frequency of the transmission bandwidth configuration.  Because, as will be shown later, the transmission bandwidth configuration may not be centered within the channel, the center frequency of the transmission bandwidth configuration may not coincide with the LO frequency (or DC in baseband) which in the subsequent discussion is assumed to be located in the center of the channel.

Observation:  The center frequency is the midpoint of the transmission bandwidth configuration.  The carrier frequency, LO frequency, or baseband equivalent DC frequency is located in the middle of the channel for the purposes of this study.  These two frequencies may not be the same.
For NR, the situation is not as simple as it was for LTE.  There are two factors influencing where the transmission bandwidth configuration is placed within the channel.  The first is an agreement from RAN1 [1] that the subcarrier grid across multiple numerologies should align at the center frequency of subcarrier 0. This is illustrated in the Annex for different numerologies.  This implies that there are restrictions on the placement of RB’s in such a way that it may not be possible to locate the RB’s in the center of the channel as will be shown subsequently.  As a consequence, the guard bands will not necessarily be symmetrical within the channel irrespective of the channel raster choice.  The second aspect that impacts where the transmission bandwidth configuration is placed within the channel is the channel raster.  For sub-6 GHz NR, both 100 kHz and 180 kHz rasters are currently under consideration whereas for mmW, agreement was reached on RB-based raster of 720 kHz or 1440 kHz [2].  In the case of 100 kHz raster, as for LTE, it is always possible to locate the carrier frequency in the middle of the channel since all channels under consideration are multiples of 5 MHz and 5 MHz is evenly divisible by 100 kHz.  On the other hand, for a 180 kHz channel raster, it may not always be possible to locate the carrier frequency in the middle of the channel since 5 MHz is not evenly divisible by 180 kHz.  Therefore, for a 180 kHz raster or any other RB-based raster, there may be an offset in the carrier frequency in addition to the effect of subcarrier 0 alignment across multiple numerologies. This problem can be solved by the subcarrier based raster proposed in [5] that offers much finer granularity compared to the RB based raster. 
Observation:  For NR, the placement of the transmission bandwidth configuration may not be in the center of the channel.  As a result, the guard band at one end of the channel will be different than at the other end of the channel.

The placement of RB’s within the channel and therefore the resulting guard band will have an impact of MPR.  In the most general sense, the MPR will be smallest when the guard bands are largest, which occurs when the RB’s can be located in the center of the channel.  However, for NR as described above, there are deployment scenarios whereby the RB’s cannot be located in the center of the channel and therefore, the guard band on the sides of the channel will be asymmetric.  While it is theoretically possible to evaluate and specify MPR as a function of the location of fully allocated RB’s within the channel, the complexity is high and not justified.  Instead, it is proposed to identify the minimum guard band based on numerology and spectrum utilization and define the MPR for this case.  Given that the minimum guard band is the worst case, the MPR defined for this case can be applied to all RB placement scenarios.
Proposal 1:  The MPR shall not be defined as a function of the placement of the transmission bandwidth configuration within the channel.  Rather, the MPR shall be defined for the worst case RB placement with minimum guard band and shall be applicable to any and all placements of transmission bandwidth configuration within the channel.
2.2. Placement of Transmission Bandwidth Configuration

The next step is to determine the worst case RB placement due to the SCS alignment restriction and the channel raster restriction (for 180 kHz or RB-based raster).  Since the two are independent, we treat each separately.  
2.2.1. Subcarrier 0 alignment
First, considering the SCS alignment, the approach taken in this evaluation is to center the transmission bandwidth configuration in the channel of the smallest SCS since the smallest SCS configuration generally has the greatest spectrum utilization and the smallest guard bands.  Therefore, the smallest SCS, say 15 kHz, is always exactly centered within the channel, similar to the case for LTE.  For higher order SCS in the same channel, the center frequency of subcarrier 0 must be aligned in accordance with the RAN1 design.  One consequence of aligning the center frequency of subcarrier 0 to a lower order SCS is that the center frequency of the transmission bandwidth configuration of the higher order SCS is no longer located at the center of the channel.  This is illustrated in Figure 1 below where it can be seen that when subcarrier 0 is aligned, the transmission bandwidth configuration is no longer centered within the channel.  In fact, there is an offset of half the lower order SCS spacing (offset of 7.5 kHz in this example).
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Figure 1.  Example of 15 kHz and 30 kHz SCS where subcarrier 0 is aligned (shown colored in blue).  The result is that the 30 kHz SCS is no longer centered within the channel.
Observation:  Aligning subcarrier 0 of a higher order SCS with a lower order SCS results in an offset of the transmission bandwidth configuration with respect to the center of the channel.  This offset can be described as an offset to the center frequency of the transmission bandwidth configuration relative to the center frequency of the channel.
Another mechanism resulting in offset of the higher order SCS transmission bandwidth configuration is when the number of RB’s in accordance with spectrum utilization of the higher order SCS is not scaled exactly according to the SCS ratio.  For example, for a 5 MHz channel with 15 kHz SCS, the NRB is defined as 25.  For the same channel with 30 kHz SCS, the NRB is defined as 11 [3].  Recognizing that subcarrier 0 must be aligned, the 30 kHz SCS transmission bandwidth configuration will not be centered within the channel.  This is illustrated below in Figure 2 where subcarrier 0 of the 30 kHz SCS is aligned with subcarrier 0 for RB1 in the 15 kHz SCS.
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Figure 2.  Example of 15 kHz and 30 kHz SCS where the NRB does not exactly scale from lower order SCS to higher order SCS.  The transmission bandwidth configuration of the higher order SCS therefore is not centered within the channel.
Observation:  Depending on the relationship of NRB between higher order SCS and lower order SCS, the center frequency of the transmission bandwidth configuration of the higher order SCS may be offset with respect to the center of the channel.

With these observations taken into consideration, Table 1 was constructed to determine the carrier frequency location and the resulting guard band for the channel bandwidths, SCS, and spectrum utilization.  The alignment of subcarrier 0 is enforced with a possible shift of the first RB in the higher order SCS relative to the lower order SCS in order to maximize the minimum guard band by centering the transmission bandwidth configuration as much as possible.
Table 1.  Offset of the center frequency of the transmission bandwidth configuration for worst case guard band (100 kHz channel raster).
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Offset to center 

frequency of TBC 

(kHz)

Lower Guard 

(kHz)

Upper Guard 

(kHz) Min Guard (kHz) Min Guard (%)

15 25 0 250 250 250 5

30 11 82.5 602.5 437.5 437.5 8.75

15 52 0 320 320 320 3.2

30 24 -7.5 672.5 687.5 672.5 6.725

60 12 -22.5 657.5 702.5 657.5 6.575

15 79 0 390 390 390 2.6

30 38 82.5 742.5 577.5 577.5 3.85

60 18 67.5 1087.5 952.5 952.5 6.35

15 106 0 460 460 460 2.3

30 51 -7.5 812.5 827.5 812.5 4.0625

60 24 157.5 1517.5 1202.5 1202.5 6.0125

15 133 0 530 530 530 2.12

30 65 82.5 882.5 717.5 717.5 2.87

60 31 -112.5 1227.5 1452.5 1227.5 4.91

15 216 0 560 560 560 1.4

30 106 -7.5 912.5 927.5 912.5 2.28125

60 51 -22.5 1617.5 1662.5 1617.5 4.04375

15 270 0 700 700 700 1.4

30 133 -7.5 1052.5 1067.5 1052.5 2.105

60 65 157.5 1757.5 1442.5 1442.5 2.885

30 162 0 840 840 840 1.4

60 79 -15 1545 1575 1545 2.575

30 217 0 940 940 940 1.175

60 107 165 1645 1315 1315 1.64375

30 273 0 860 860 860 0.86

60 135 165 1565 1235 1235 1.235
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2.2.2. Channel raster

The above takes into consideration a frequency offset relative to the center of the channel of the transmission bandwidth configuration for higher order SCS due to alignment of subcarrier 0.  The second factor that may induce a frequency offset is the support of a 180 kHz or RB-based channel raster.  The influence of the channel raster on the transmission bandwidth configuration frequency offset is independent of the subcarrier alignment restriction so these two impacts can be treated separately.  
To evaluate the impact of a 180 kHz channel raster, the worst case carrier frequency offset is considered.  The largest absolute error due to the quantization effect of the 180 kHz raster is exactly one-half of the step size; i.e., 90 kHz.  Therefore, the worst case impact of the 180 kHz channel raster is a reduction of the minimum guard band by 90 kHz. It should be noted that the actual offset might be smaller than this.  
Observation:  The worst case impact of a 180 kHz channel raster is a reduction of the minimum guard band by 90 kHz.  The worst case impact of an RB-based channel raster is a reduction of the minimum guard band by half of the raster spacing.
This effect can then be included in the center frequency offset of the transmission bandwidth configuration by adding or subtracting 90 kHz in a way that reduces the minimum guard band.  In some cases, adding or subtracting 90 kHz in the frequency offset minimizes the guard band for 30 kHz SCS but enlarges the guard band for 60 kHz SCS, or vice versa.  In those cases, the table was constructed to minimize the guard band of the smaller SCS since this has a smaller guard band to begin with and may be more sensitive to MPR.  Table 2 shows the frequency offset and guard band for a 180 kHz raster taking all of the factors discussed above into account.  For those channel bandwidths where 15 kHz SCS is not supported (60, 80, and 100 MHz), the raster was chosen to be 360 kHz with a worst case error of 180 kHz.  Table 3 shows the offset frequency for mmW channels.
Table 2.  Offset of the center frequency of the transmission bandwidth configuration for worst case guard band (180 kHz or 360 kHz channel raster).
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Offset to center 

frequency of TBC 

(kHz)

Lower Guard 

(kHz)

Upper Guard 

(kHz) Min Guard (kHz) Min Guard (%)

15 25 90 340 160 160 3.2

30 11 172.5 692.5 347.5 347.5 6.95

15 52 -90 230 410 230 2.3

30 24 -97.5 582.5 777.5 582.5 5.825

60 12 -112.5 567.5 792.5 567.5 5.675

15 79 90 480 300 300 2

30 38 172.5 832.5 487.5 487.5 3.25

60 18 157.5 1177.5 862.5 862.5 5.75

15 106 -90 370 550 370 1.85

30 51 -97.5 722.5 917.5 722.5 3.6125

60 24 67.5 1427.5 1292.5 1292.5 6.4625

15 133 90 620 440 440 1.76

30 65 172.5 972.5 627.5 627.5 2.51

60 31 -22.5 1317.5 1362.5 1317.5 5.27

15 216 -90 470 650 470 1.175

30 106 -97.5 822.5 1017.5 822.5 2.05625

60 51 -112.5 1527.5 1752.5 1527.5 3.81875

15 270 -90 610 790 610 1.22

30 133 -97.5 962.5 1157.5 962.5 1.925

60 65 67.5 1667.5 1532.5 1532.5 3.065

30 162 -180 660 1020 660 1.1

60 79 -195 1365 1755 1365 2.275

30 217 180 1120 760 760 0.95

60 107 345 1825 1135 1135 1.41875

30 273 180 1040 680 680 0.68

60 135 345 1745 1055 1055 1.055
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Table 3.  Offset of the center frequency of the transmission bandwidth configuration for worst case guard band (mmW RB-based raster)
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Offset to center 

frequency of TBC 

(kHz)

Lower Guard 

(kHz)

Upper Guard 

(kHz) Min Guard (kHz) Min Guard (%)

60 66 -360 880 1600 880 1.76

120 32 -390 1570 2350 1570 3.14

60 132 -360 2120 2840 2120 2.12

120 66 -390 2090 2870 2090 2.09

60 198 360 4080 3360 3360 2.24

120 98 1050 5490 3390 3390 2.26

60 264 -360 4600 5320 4600 2.3

120 132 -390 4570 5350 4570 2.285

400 120 264 720 10640 9200 9200 2.3
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In [5] an enhancement to the RB based raster that leads to a subcarrier based raster with a granularity of 15kHz for sub6 bands is proposed. In this case, the worst case offset compared to the 100kHz raster would be 7.5kHz. We believe that the MPR analysis conducted for the 100kHz raster can be reused in this case
2.2.3. DFT-S-OFDM
As indicated in [4], a fully allocated CP-OFDM waveform conforms to the maximum spectrum utilization defined for the channel as tabulated above.  However, a DFT-S-OFDM waveform may not fully occupy the maximum number of RB’s according to spectrum utilization limits due to its restriction that its length must be a representable by 2x3y5z.  The DFT-S-OFDM waveform should be the largest waveform with length 2x3y5z less than or equal to NRB defined by spectrum utilization. Moreover, it is proposed in [4] that the DFT-S-OFDM waveform be centered within the transmission bandwidth configuration (which itself may or may not be centered within the channel) by offsetting the starting RB location by a few RB’s.  However, our understanding is that while the DFT-S-OFDM waveform from a single user is constrained to be a factor of 2, 3, or 5, the placement of these RB’s is not constrained to be in the middle of the transmission bandwidth configuration.  For example, if NRB is 106, the largest DFT-S-OFDM transmission is 100 RB’s.  However, these RB’s can be placed anywhere within the transmission bandwidth configuration with NRB = 106.  For example, a single user can be transmitting 100 RB’s at the lower edge of the transmission bandwidth configuration while another user can be transmitting 6 RB’s at the upper edge.  In total, the channel supports 106 RB’s.  Therefore, with this understanding, the worst case condition for MPR determination is when RB’s are aligned at one edge of the transmission bandwidth configuration rather than in the center.

3. Conclusion

This contribution highlights the observation that for NR, the transmission bandwidth configuration may not be centered within the channel bandwidth.  Therefore, for the purpose of MPR evaluation, it is proposed to consider the worst case placement of the transmission bandwidth configuration while adhering to RAN1 design and considering both 100 kHz and 180 kHz or RB-based channel rasters.  In the case that a subcarrier based approach [5] is adopted as an enhancement to the RB-based channel raster, it is proposed that the same MPR as derived for 100 kHz raster can be reused.  Frequency offsets with respect to the channel center are provided for the channel bandwidths and numerologies currently under consideration for sub-6 GHz and mmW NR.  It is proposed that these frequency offsets be adopted for MPR simulations and measurements.
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Figure A.1. Alignment of different numerologies based on RAN1 agreement
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