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1. Introduction
This contribution discusses the remaining issue on OFDM baseband signal generation. 
2. Discussion
1.1.  Compensation for Tx and Rx centre frequency mismatch
As discussed in [1], the phase compensation is introduced into OFDM symbol generation to solve the misalignment between Tx and Rx RF centre frequency. The working assumptions are given as follows:
	· (Working assumption) For signal generation:

· Agree to option 3a (unquantized)

· Baseband signal generation remains unchanged

· Change upconversion formula for all channels/signals expect PRACH to:

· 
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· Upconversion formula for PRACH remains unchanged


The compensation phase sequence cyclically repeats with the periodically repeated OFDM index l in a subframe, therefore no extra quantization of Tx center frequency is needed.
Proposal 1: confirm the working assumption that option 3a, i.e. unquantized Tx center frequency is used for phase compensation in upconversion, is adopted except for PRACH.
1.2. Additional compensation for SSB
As specified in [2], the entire SS/PBCH block can offset from the resource block grid:
	The quantity 
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 is the subcarrier offset from subcarrier 0 in common resource block 
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 to subcarrier 0 of the SS/PBCH block, where 
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 is obtained from the higher-layer parameter offset-ref-low-scs-ref-PRB and where the 4 least significant bits of 
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 are given by the higher-layer parameter ssb-subcarrierOffset and for SS/PBCH block type A the most significant bits of 
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 are given by 
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 in the PBCH payload as defined in subclause 7.1.1 of [4, TS 38.212].

Any common resource block partially or fully overlapping with an SS/PBCH block shall be viewed as occupied and not used for transmission of PDSCH or PDCCH. The UE may assume that the complex values corresponding to resource elements that are part of such a partially overlapping common resource block, and are not used for SS/PBCH transmission are set to zero. 

For an SS/PBCH block, the UE shall assume 

-
antenna port 
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 is used for transmission of PSS, SSS and PBCH,

-
the same cyclic prefix length and subcarrier spacing for the PSS, SSS, and PBCH,-
for SS/PBCH block type A, 
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 with the quantities 
[image: image12.wmf]SSB

k

, and 
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 expressed in terms of 15 kHz subcarrier spacing, and

-
for SS/PBCH block type B, 
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 with the quantity 
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expressed in terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and 
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 is expressed in terms of 60 kHz subcarrier spacing.


The quantity 
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 is expressed in terms of 15kHz for sub 6GHz, and in terms of RMSI SCS for above 6GHz. Therefore, the unit of 
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is not necessarily equal to SSB SCS, which may lead to a phase offset of the baseband signal based on current generation formula. This issue is illustrated in Figure 1 and Figure2.
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              Figure 1                                                                              Figure 2
In figure 1, SSB SCS=30kHz, and 
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. In this case, the SC#0 of SSB is 30kHz offset from PDCCH/PDSCH PRB boundary, which means the SSB is subcarrier level aligned with a common resource block in 30kHz subcarrier spacing, and the complex value for this 30kHz subcarrier is set to 0 for OFDM baseband signal generation.
In figure 2, SSB SCS=30kHz, and 
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. Thus, it causes the problem that the SC#0 of SSB is 15kHz offset from PDCCH/PDSCH PRB boundary, which means the SSB is not subcarrier level aligned with a common resource block in 30kHz subcarrier spacing. We name this 15kHz subcarrier as “irregular subcarrier”, and the complex value of this irregular subcarrier is set to 0 for OFDM transmission. However, this frequency offset cannot be reflected by current OFDM baseband generation formula. 
Observation: SSB may be not subcarrier level aligned with a common resource block with the same SCS as SSB. The frequency offset from subcarrier boundary is not reflected in current OFDM baseband generation formula.
As shown in figure 2, the SC#0 of SSB(2nd SC in the RB) is followed by a 15kHz subcarrier, i.e. half of a 30kHz subcarrier, then the entire SSB has -15kHz frequency offset compared with mapping followed by a 30kHz subcarrier.
The frequency offset issue will happen when SSB SCS=30kHz and 
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is an odd integer in sub 6GHz frequency range case, as for above 6GHz frequency range case, the same problem also occurs when SSB SCS is not equal to RMSI SCS(unit of 
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), e.g. {SSB SCS, RMSI SCS}={120, 60},{240, 120},{240, 60}kHz, and 
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. In these cases, one irregular subcarrier, whose subcarrier spacing is smaller than SSB SCS, should be defined and should be set as the 1st subcarrier of the lowest resource block containing SSB, and the complex value of this subcarrier is set to 0 in OFDM baseband signal generation. 
The subcarrier misalignment issue for {SSB SCS, RMSI SCS}={120, 60},{240, 120}kHz is similar to  {SSB SCS, RMSI SCS}={30, 15}kHz case as illustrated in figure 2. For {SSB SCS, RMSI SCS}={240, 60}kHz case, the subcarrier misalignment issue is more complicated, up to 3 different SCSs of the irregular subcarrier may appear, as illustrated in Figure 3-6.
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Figure 3                                                                            Figure 4
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Figure 5                                                                          Figure 6  
To solve this problem, additional phase compensation should be introduced to OFDM baseband signal generation to make subcarrier aligned with the subcarrier of a common resource block with SSB SCS, like 
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 introduced to make the RB aligned for different numerology, a new variable 
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 should be added to the current OFDM baseband generation formula, given as follows.
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 is the subcarrier spacing of SSB, and 
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 is indicated by higher layer parameter subCarrierSpacingCommon. The quantity 
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 is described in subclause 7.4.3.1 of [2].
Proposal 2: A new variable 
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 should be added to the current OFDM baseband generation formula to make subcarrier of SSB aligned with the subcarrier of a common resource block with SSB SCS.
3. Conclusion
Based on the discussion above, we have the following observation and proposals :
Proposal 1: confirm the working assumption that option 3a, i.e. unquantized Tx center frequency is used for phase compensation in upconversion, is adopted except for PRACH.



 REF observation \h 

Observation: SSB may be not subcarrier level aligned with a common resource block with the same SCS as SSB. The frequency offset from subcarrier boundary is not reflected in current OFDM baseband generation formula.


 REF proposal2 \h 

Proposal 2: A new variable [image: image39.wmf]1
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 should be added to the current OFDM baseband generation formula to make subcarrier of SSB aligned with the subcarrier of a common resource block with SSB SCS.
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