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1. Introduction
This contribution discusses the remaining issues on OFDM baseband signal generation. 

2. Discussion

1.1. OFDM baseband signal generation and up-conversion

In section 5.3 of [1], the quantity
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, which is actually used to represent the distance between carrier frequency f0 and the center frequency of the resource grid, is introduced in the OFDM baseband generation formula to meet the RB alignment requirement. Whereafter, the baseband signal is modulated and up-converted to the carrier frequency f0. 

However, the baseband signal is not necessarily up-converted to a common carrier frequency f0, which is the same for all kinds of signals, if baseband signal is compensated according to the difference between the actual up-conversion frequency and the center frequency of resource grid.  As shown in Figure 1, if the baseband signal can be up-converted to the center frequency of the resource grid rather than f0, in this case, the quantity
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is no longer needed in the baseband signal generation formula.
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Figure 1 Difference between carrier frequency f0 and center frequency of resource grid
Accordingly, the OFDM baseband signal generation and the modulation & up-conversion can be described in the following way,

· Baseband signal generation
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                   (eq.1)

· Modulation and up-conversion
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Where
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is the center frequency of the resource grid with numerology configuration
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, and the carrier frequency
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is replaced by 
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.
Observation 1: If the baseband signal is up-converted to the center frequency of its resource grid, the quantity k0_u is no longer needed in the baseband signal generation formula.

The center frequency of the resource grids with different subcarrier spacing configurations may be different, depending on the network deployment. But the up-conversion module can only be converted to a single frequency at a certain point in time. Thus, the signals with different numerologies should be mixed in baseband and up-converted to the same frequency if gNB is expected to transmit them simultaneously, which means the selected up-conversion frequency could be the center frequency for the resource gird with a particular SCS but not for the ones with other SCSs. As shown in Figure 2, if the signal is up-converted to the center frequency of the 30 kHz resource grid, the baseband signal of 15 kHz (generated using eq.1) cannot be up-converted to the center frequency of 15 kHz resource grid.
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Figure 2 Signals transmitted simultaneously in resource grids with different center frequency
In this case, a further modification is needed to compensate the difference between the target up-conversion frequency and the center frequency of resource grid. Therefore, (eq.1) and (eq.2) need to be further revised, given as follows,
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Where
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is target frequency up-converted to, and 
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 is used as the phase for compensation in baseband, corresponding to the difference between the center frequency of resource grid 
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and the target up-conversion frequency. The target up-conversion frequency is not necessarily equal to any of the center frequencies of resource grids with supported SCSs , the value of 
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 is up to implementation.

Observation 2: The target frequency of modulation and up-conversion is not necessarily the center frequency of resource grid nor the carrier frequency, which is up to implementation. 
Proposal 1: The quantity 
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can be removed from the OFDM baseband signal generation formula, and the restriction that the target modulation and up-conversion frequency is the carrier frequency is not necessary.
Proposal 2: Further modification is needed to compensate the difference between the up-conversion frequency and the center frequency of resource grid in OFDM baseband signal generation, when signals in resource grids with different subcarrier spacing configurations and different center frequencies are transmitted at the same time instance. 

Enclosed please find the text proposal in the Appendix.

1.2. The misalignment issue between SSB and resource grid in OFDM signal generation
As specified in [1], 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 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 bit of 
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 is given by 
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 in the PBCH payload as defined in subclause 7.1.1 of [4, TS 38.212].
The UE may assume that the complex-valued symbols corresponding to resource elements that are part of a common resource block partially or fully overlapping with an SS/PBCH block and not used for SS/PBCH transmission are set to zero in the OFDM symbols where SS/PBCH block is transmitted. 

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 
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, 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 15 kHz for sub 6GHz, and in terms of RMSI SCS for above 6GHz. In RAN4#86bis meeting, the offset between SSB and resource block grid were further studied and the following agreement was made:
	Agreement:

For the same SCS, the subcarrier grid shall be the same for SSB and data.


It can be seen that for {SSB SCS, RMSI SCS}={30, 30} kHz, the value of 
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 is always even so that the alignment between SSB and resource block grid with SSB SCS(30kHz) is guaranteed. In other cases, e.g. {SSB SCS, RMSI SCS}={30, 15} kHz, there is no similar restriction, which means 
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 can be an odd number and the grid offset is not necessarily the times of SSB SCS. However, this may lead to a misalignment issue that SSB is not able to be transmitted in the right frequency location based on current generation formula.
According to OFDM baseband generation formula in [1], it is noted that in cases where SSB has a different SCS with RMSI, two different resource girds will be used for SSB and RMSI separately, one is with SSB SCS and the other one with RMSI SCS. For example, as illustrated in Figure 3 and Figure 4, for {SSB SCS, RMSI SCS}={30, 15} kHz, the RMSI PDCCH/PDSCH is generated based on the resource grid in blue, and SSB is generated based on the red one.
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Figure 3 SSB mapping when 
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and {SSB SCS, RMSI SCS} = {30, 15} kHz
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Figure 4 SSB mapping when 
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and {SSB SCS, RMSI SCS} = {30, 15} kHz

In Figure 3, SSB SCS=30 kHz and
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. In this case, the SC#0 of SSB is 30 kHz offset from PDCCH/PDSCH PRB boundary, which means the SSB is subcarrier level aligned with the resource grid with 30 kHz subcarrier spacing, thus being able to be generated properly and mapped to the correct frequency position. 
When SSB SCS=30 kHz and
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, as illustrated in figure 4, the SC#0 of SSB is 15 kHz offset from PDCCH/PDSCH PRB boundary. In this case, the SSB is not subcarrier level aligned with the resource grid with 30 kHz subcarrier spacing, which may lead to ambiguity in determining the RE index of the subcarriers in the SS block illustrated in Figure 5.
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Figure 5 illustration of subcarrier misalignment issue

This misalignment issue leads to incorrect OFDM signal generation because the SCS used for OFDM signal generation is that of the SSB itself, i.e. 30 kHz, however, the unit of 
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offset is based on 15 kHz in this case.

Assuming the subcarrier on the common RB boundary is the k-th RE in resource grid (30 kHz SCS), there is no doubt that the SC#0 of SSB is the k+1-th RE in resource grid when
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. 

However, it is no longer adequate to count the SC#0 of SSB as the k+1-th RE when
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. Otherwise, the generated OFDM baseband signal for SSB with
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 is totally the same with the baseband signal for SSB with
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. As shown in Figure 5, SSB with 
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 has -15 kHz frequency offset compared with SSB with
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. In other words, the SSB with 
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 cannot be generated and mapped to the right frequency position. 

As for the above 6GHz frequency range case, 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 
[image: image51.wmf]0

)

SCS

 

SCS/RMSI

 

SSB

,

mod(

¹

SSB

k

. 

Observation 3: SSB may not be subcarrier level aligned with a common resource block with the same SCS as SSB, in this case, the frequency offset from subcarrier boundary cannot be reflected correctly in current OFDM baseband generation formula.

The subcarrier misalignment issue for {SSB SCS, RMSI SCS} = {120, 60} kHz and {240, 120} kHz is similar to the {SSB SCS, RMSI SCS} = {30, 15} kHz case illustrated in Figure 5. For {SSB SCS, RMSI SCS} = {240, 60} kHz case, the subcarrier misalignment issue is more complicated, 3/4 of the 
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configurations may have subcarrier misalignment issue, as illustrated in Figure 6-9.
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Figure 6 SSB mapping when 
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and {SSB SCS, RMSI SCS} = {240, 60} kHz
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Figure 7 SSB mapping when 
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and {SSB SCS, RMSI SCS} = {240, 60} kHz
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Figure 8 SSB mapping when 
[image: image58.wmf]3
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and {SSB SCS, RMSI SCS} = {240, 60} kHz
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Figure 9 SSB mapping when 
[image: image60.wmf]4

=

SSB

k

and {SSB SCS, RMSI SCS} = {240, 60} kHz
As shown in Figure 6-9, the subcarrier misalignment issue occurs when
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=1, 2, 3, to be more specific, when
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In summary, the subcarrier misalignment issue will happen in the following cases:

A. {SSB SCS, RMSI SCS} = {30, 15} and 
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is odd (i.e.
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B. {SSB SCS, RMSI SCS} = {120, 60}, {240, 120}, {240, 60} kHz and
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Observation 4: For following cases, the generated SSB signal does not match the actual transmission position for SSB:

· In FR1, {SSB SCS, RMSI SCS} = {30, 15} and 
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 is odd
· In FR2, {SSB SCS, RMSI SCS} = {120, 60}, {240, 120}, {240, 60} kHz and 
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In these cases, SSB cannot be generated and mapped in the right frequency position. Someone may think that the
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configurations, which lead to the above issues, may never happen, since point A can be shifted to make the subcarrier of SSB aligned with the corresponding resource grid so that the SSB can still be transmitted in that frequency location. However, the distance between point A and SC#0 of resource grid is multiple of RBs, it also means some frequency range/location cannot be used for resource grid deployment, as illustrated in Figure 10. In other words, the flexibility for SSB mapping and resource grid deployment cannot be fulfilled at the same time.
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Figure 10 illustration of frequency range/location of resource grid not supported 
Since the frequency corresponding to GSCN for SSB mapping in FR2 is always an even multiple of 240kHz, only the channel deployed on channel raster with even-numbered NR-ARFCN (multiple of 120 kHz in frequency) is feasible using current signal generation formula for all {SSB SCS, RMSI SCS} combinations, i.e. {SSB SCS, RMSI SCS}={120, 60},{120, 120},{240, 120},{240, 60}kHz. The channel raster with odd-numbered NR-ARFCN (odd multiple of 60 kHz) may suffer from the subcarrier misalignment issue that leads to a limitation on the network deployment.
To solve this problem, two alternatives can be considered.

· Alt. 1: 

The essential reason for this issue is that the resource grid for downlink in NR is defined for PDCCH/PDSCH, not SSB. However, the OFDM baseband generation signal of SSB is still generated based on the resource grid. When the subcarrier spacing of SSB and data is different, the baseband generation has to be performed separately anyway. Hence, there is no need to use the resource grid, defined for data, to generate the baseband signal of SSB. 

Observation 5: The OFDM baseband signal of SSB is generated based on the resource grid not defined for SSB, which may limit the deployment in frequency for either resource grid or the SSB.

Besides, similar to the issue we mentioned in section 2.1, when SSB and data are transmitted with different numerology and different resource grid center frequency, additional compensation for baseband signal of SSB is also needed.

Therefore, the OFDM baseband signal generation for SSB can be separately defined, as shown in (eq.5).
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                      (eq.5).
where
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 is the center frequency of the SS block. No specification is needed to derive
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.

Proposal 3: The OFDM baseband signal generation for SSB can be separately defined without using the resource grid defined for data.
Note that the value of 
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 does not need to be a multiple of subcarrier spacing of SSB, so the issue is fixed.
In our opinion, Alt. 1 can fix this issue if the quantity 
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is removed from the OFDM baseband signal generation formula as we proposed in the previous section. If it is not, this issue can be fixed by Alt.2.

Enclosed please find the text proposal in the Appendix.
· Alt. 2: 

If 
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is not removed, the issue can be solved in the following way.

One irregular subcarrier, whose subcarrier spacing is smaller than SSB subcarrier spacing, in front of SC#0 of SSB should be counted as a valid RE for OFDM baseband signal generation, and the complex value of this subcarrier is set to 0, as shown in Figure 11.
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Figure 11 illustration of irregular subcarrier
Besides, additional compensation should be introduced to OFDM baseband signal generation to make sure SSB is transmitted in the right frequency position. A new quantity 
[image: image79.wmf]1
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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, 
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 is the unit of 
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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 [1].

Note that
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can be calculated through 
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 and be only related to the SSB transmission. Therefore, there is no need to indicate 
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to UE explicitly, which is clearly different from the quantity
[image: image90.wmf]m

0

k

. 

Since the subcarrier spacing for SSB and data are different in the cases we enumerated above, the baseband signal has to be generated twice anyway, the formula to derive 
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 is much simpler compared with the formula to derive 
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as proposed in [2], therefore, no complexity is introduced to fix this problem using Alt.2.

Proposal 4: The mismatch between the generated signal and the exact frequency position of SSB, should be fixed by using either one of the following two alternatives.

· Alt.1: If 
[image: image93.wmf]m
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is removed from the OFDM baseband signal generation. An additional phase compensation, based on the frequency difference between the center of SSB and target up-conversion frequency, should be introduced to in the OFDM baseband signal generation.
· Alt.2: If 
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is not removed from the OFDM baseband signal generation, A new quantity [image: image95.wmf]1
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 should be added to the current OFDM baseband generation formula to make sure the SSB transmitted in the right frequency location.

2. Conclusion

Based on the discussion above, we have the following observations and proposals :

Observation 1: If the baseband signal is up-converted to the center frequency of its resource grid, the quantity k0_u is no longer needed in the baseband signal generation formula.



 REF ob2 \h 

Observation 2: The target frequency of modulation and up-conversion is not necessarily the center frequency of resource grid nor the carrier frequency, which is up to implementation. 


 REF ob3 \h 

Observation 3: SSB may not be subcarrier level aligned with a common resource block with the same SCS as SSB, in this case, the frequency offset from subcarrier boundary cannot be reflected correctly in current OFDM baseband generation formula.

Observation 4: For following cases, the generated SSB signal does not match the actual transmission position for SSB:

· In FR1, {SSB SCS, RMSI SCS} = {30, 15} and [image: image96.wmf]SSB

k

 is odd
· In FR2, {SSB SCS, RMSI SCS} = {120, 60}, {240, 120}, {240, 60} kHz and [image: image97.wmf]0
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Observation 5: The OFDM baseband signal of SSB is generated based on the resource grid not defined for SSB, which may limit the deployment in frequency for either resource grid or the SSB.
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Proposal 1: The quantity [image: image98.wmf]m

0

k

can be removed from the OFDM baseband signal generation formula, and the restriction that the target modulation and up-conversion frequency is the carrier frequency is not necessary.


 REF PP2 \h 

Proposal 2: Further modification is needed to compensate the difference between the up-conversion frequency and the center frequency of resource grid in OFDM baseband signal generation, when signals in resource grids with different subcarrier spacing configurations and different center frequencies are transmitted at the same time instance.


 REF PP3 \h 

Proposal 3: The OFDM baseband signal generation for SSB can be separately defined without using the resource grid defined for data.


 REF PP4 \h 

Proposal 4: The mismatch between the generated signal and the exact frequency position of SSB, should be fixed by using either one of the following two alternatives.

· Alt.1: If [image: image99.wmf]m

0

k

is removed from the OFDM baseband signal generation. An additional phase compensation, based on the frequency difference between the center of SSB and target up-conversion frequency, should be introduced to in the OFDM baseband signal generation.
· Alt.2: If [image: image100.wmf]m

0

k

is not removed from the OFDM baseband signal generation, A new quantity [image: image101.wmf]1

k

 should be added to the current OFDM baseband generation formula to make sure the SSB transmitted in the right frequency location.



References

[1] R1-1805793, “CR 38.211 after RAN1#92bis”, April, 2018.
[2] R1-1805595, “Summary of 7.1.1.1 Synchronization signal”, April, 2018.

Appendix: TP for OFDM baseband signal generation
5.3
OFDM baseband signal generation

5.3.1
OFDM baseband signal generation for all channels except PRACH and SS/PBCH block
The time-continuous signal 
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 and subcarrier spacing configuration 
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 for OFDM symbol 
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 in a subframe for any physical channel or signal except PRACH and SS/PBCH block is defined by
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 is the time within the subframe, 
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[image: image109.wmf]f

D

 is given by clause 4.2, and 
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 is the subcarrier spacing configuration. The starting position of OFDM symbol 
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 for subcarrier spacing configuration 
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in a subframe is given by
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0

f

is the center frequency of resource grid with subcarrier spacing configuration 
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, and 
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is the modulation and up-conversion frequency.
The value of 
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 is obtained from the higher-layer parameter k0 and is such that the lowest numbered subcarrier in a common resource block for subcarrier spacing configuration 
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 coincides with the lowest numbered subcarrier in a common resource block for any subcarrier spacing configuration less than 
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5.3.2
OFDM baseband signal generation for SS/PBCH block
The time-continuous signal 
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 and subcarrier spacing configuration 
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 for OFDM symbol 
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 in a subframe for SS/PBCH block is defined by
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[image: image127.wmf]SSB
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is the center frequency of SS/PBCH block.
5.3.3
OFDM baseband signal generation for PRACH

The time-continuous signal 
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 is given by clause 6.3.3; 
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 is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise, 
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 is the subcarrier spacing of the active uplink bandwidth part; 
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is the centre frequency of resource grid with subcarrier spacing configuration
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for the uplink bandwidth part where PRACH is transmitted.  
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 is obtained from the higher-layer parameter k0 and is such that the lowest numbered subcarrier in a common resource block for subcarrier spacing configuration 
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 coincides with the lowest numbered subcarrier in a common resource block for any subcarrier spacing configuration less than 
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============================Unchanged part omitted==============================
5.4
Modulation and upconversion

Modulation and upconversion to the carrier frequency 
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target frequency 
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 of the complex-valued OFDM baseband signal for antenna port 
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, subcarrier spacing configuration 
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, and OFDM symbol 
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 in a subframe assumed to start at 
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for all channels and signals except PRACH and by
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for PRACH.
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