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1	Introduction
This document discusses the subcarrier and resource block alignment in NR. 
[bookmark: _Toc286177644]2	Discussion
RAN1 has agreed that in NR, the #0 subcarriers of different spacings will align. For each channel bandwidth, the lowest specified subcarrier spacing is used as the reference, and all higher SCS grids align to that.
Figure 1 shows how the subcarriers are aligned between different subcarrier spacings:


Figure 1: Resource blocks for 15/30/60 kHz SCS with SC#0 of the lowest RB aligned
In standalone NR, one of the subcarriers is on the DC. This means that the signal is not symmetric in frequency domain, so there is always 1 subcarrier more below the center frequency, than there is above the center frequency. Figure 2 can be used to illustrate this.


Figure 2: DC subcarrier and the asymmetry
It follows from these agreements, that guard band on the left hand side of the channel decreases, while on the right hand side it increases.
Typically the tentatively agreed spectrum utilization numbers decrease when the subcarrier spacing increases. For example, for 5 MHz channel bandwidth, the maximum RB amount is 25 RB for 15 kHz spacing, while with 30 kHz spacing only 11 RBs is used. Figure 3 shows the possible alignments and the resulting guard bands.


Figure 3: Possible RB alignments for 15/30 kHz SCS
It is our understanding that RAN1 only allows the first 30 kHz SCS position, but clearly the reduced guard band will force to use more MPR for 30 kHz. The same thing is true for other channel bandwidths, i.e. to minimize the amount of MPR, the RB grids of the larger spacings than the reference spacing should be centered as much as possible.
We have simulated the MPR for 20 MHz channel using 15 and 30 kHz SCS. For 15 kHz, the number of resource blocks is 106 RB, and for 30 kHz, 52 RB. The edge allocations are SEM-limited. For 30 kHz spacing, while the allocation size has the same bandwidth, its slightly different alignment in frequency leads to reduced guard band to the channel edge. This in turn increases the amount of MPR needed to meet SEM. 
[image: ]
Figure 4: 360 kHz allocation at the lowest possible position in 20 MHz channel. 2RB @15 kHz SCS (left), 1RB @30 kHz SCS (right). Due to the reduced guard band, significant MPR is required for the 30 kHz allocation.
It is recommended that out of the possible RB grid positions for non-reference SCS, the one that has the most symmetric guard bands is selected, and the position is fixed for MPR evaluations. This alignment will enable to transmit the edge RBs at maximum power for all subcarrier spacings – a criteria that was important in the spectrum utilization discussion. Further, companies are invited to check the RAN1 specifications to see what potential modifications are needed to enable such RB positioning.
3	Conclusion
We discussed the subcarrier and resource block grid alignment in NR, for different subcarrier spacings. Simulations for edge cases were presented, to show that the subcarrier #0 alignment leads to significant MPR for non-reference subcarrier spacing for each channel bandwidth.
It is recommended that out of the possible RB grid positions for non-reference SCS, the one that has the most symmetric guard bands is selected, and the position is fixed for MPR evaluations. This alignment will enable to transmit the edge RBs at maximum power for all subcarrier spacings – a criteria that was important in the spectrum utilization discussion. Further, companies are invited to check the RAN1 specifications to see what potential modifications are needed to enable such RB positioning.
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