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1	Introduction
This document discusses the subcarrier and resource block alignment in NR. 
During the online discussion in RAN4 NR AH#3 meeting, different understandings on the nested PRB grid structure for different SCS were observed among companies. In this paper, we discuss our understanding as already presented in [1] and propose to send LS to RAN1/2 to enable symmetric PRB allocation if it is not supported yet in RAN1/2.
[bookmark: _Toc286177644]2	Discussion
RAN1 has agreed that in NR, the #0 subcarriers of different spacings will align [2]. 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
In the meantime, RAN1 in [3] replied to RAN4 LS [4] regarding the spectrum utilization that RAN1 spec enables the largest number of RBs in the carrier bandwidth.
•	From network perspective, BWP configuration in RAN1 specification allows different UEs to operate on different parts of a carrier bandwidth, and can be used to enable a BS to allocate all PRBs i.e. the largest number of RBs that mathematically fit within the carrier bandwidth, irrespective of the BS minimum requirement defined by RAN4…….
This could be misunderstood that RAN1 only allows the first 30 kHz SCS position in Figure 3 to allocate as many PRBs as possible, but clearly the reduced guard band will force in the uplink for UE to use more MPR for 30 kHz. Therefore, it has been already assumed in MPR simualtions to use PRB allocation as symmetric as possible without considering an alignment at PRB#0 but only at SC#0. Also in the downlink BS is forced to meet the emission mask and blocking requirement with narrower guard band, which will tighten the baseband filter requirement.
Our understanding is that RAN1 only enables such full PRB grid allocation as a possible configuration; whether to use it is up to RAN4 decision.
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.
To achieve this, PRB reference (such as PRB#0) for each SCS should start independently from anywhere as far as SC#0 alignment in [1] is not violated. It is proposed to send LS to RAN1 about this RAN4 understanding of PRB alignment. If this is not supported yet in RAN1/2, RAN4 encourages RAN1/2 to specify it in relevant specs.
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. 
To achieve this, PRB reference (such as PRB#0) for each SCS should start independently from anywhere as far as SC#0 alignment in [1] is not violated. It is proposed to send LS to RAN1 about this RAN4 understanding of PRB alignment. If this is not supported yet in RAN1/2, RAN4 encourages RAN1/2 to specify it in relevant specs.
In summary, 
Observation 1: RAN4 is already using the PRB grid for MPR simulations as symmetric as possible only assuming SC#0 alignement without considering which PRB should be aligned for different SCS.
Proposal 1: PRB grid reference is independent for each SCS as far as SC#0 alignemnet in RAN1 LS is not violated.
Proposal 2: Send LS to RAN1/2 to implement Proposal 1 in RAN1/2 spec if it is not done yet.
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