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1. Introduction
This contribution discusses the remaining issue on OFDM baseband signal generation. 
2. Discussion
1.1. Additional compensation in OFDM baseband signal generation for SS block
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 
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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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 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 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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 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. Therefore, the unit of 
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is not necessarily equal to SSB SCS, which may lead to SSB not able to be transmitted in the right frequency location based on current generation formula, as illustrated in Figure 1 and Figure2.
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Figure 1 SSB mapping when 
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and SSB SCS=30 kHz
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Figure 2 SSB mapping when 
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and SSB SCS=30 kHz
In figure 1, 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 a common resource block with 30 kHz subcarrier spacing.
When SSB SCS=30 kHz and
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, as illustrated in figure 2, 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 a common resource block with 30 kHz subcarrier spacing, which may lead to ambiguity to determine the RE index of the subcarriers in this SS block, as illustrated in figure 3.
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Figure 3 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
[image: image26.wmf]2

=

SSB

k

. 
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 as the baseband signal for SSB with
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. As shown in figure 3, 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. The subcarrier misalignment issue will happen when SSB SCS=30 kHz 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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Observation 1: SSB may be not 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 {SSB SCS, RMSI SCS} = {30, 15} kHz case as illustrated in figure 3. 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 4-7.
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Figure 4 SSB mapping when 
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and {SSB SCS, RMSI SCS} = {240, 60} kHz
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Figure 5 SSB mapping when 
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and {SSB SCS, RMSI SCS} = {240, 60} kHz
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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
As shown in figure 4-7, the subcarrier misalignment issue occurs when
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=1, 2, 3, to be more specific, when
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As a summary, the subcarrier misalignment issue will happen in the following cases:
A. SSB SCS=30 kHz and 
[image: image47.wmf]SSB

k

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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, in FR2.
If no additional compensation in OFDM baseband signal generation, SSB may not be generated and mapped in the right frequency position in these cases. Furthermore, in FR2, only the channel bandwidth deployed on channel raster with even-numbered NR-ARFCN (multiple of 120 kHz in frequency) is feasible using current signal generation formula. The channel raster with odd-numbered NR-ARFCN (odd multiple of 60 kHz) may suffer the subcarrier misalignment issue.
To solve this problem, 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 8.
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Figure 8 illustration of irregular subcarrier
Besides, additional compensation should be introduced to OFDM baseband signal generation to make sure SSB transmitted in the right frequency position. A new quantity 
[image: image52.wmf]1

k

 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].
Proposal 1: A new quantity 
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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.
Note that, 
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can be calculated through
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, and is 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
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The corresponding text proposal for subclause 5.3 in TS 38.211 is given in Appendix.
3. Clarification of higher parameter k0 
In RAN1 #92, the following agreements are made [2],
	Agreements:

For RRC parameter k0, it takes values -6, 0 and 6


Furthermore, the quantity 
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for OFDM baseband signal generation is defined in section 5.3.1 and 5.3.2 [1]:
	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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As specified, the value set of
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may not guarantee the RB alignment property for resource grid with different numerology configuration, as shown in Figure 9.
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Figure 9 
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0

k
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As illustrated above, the value set of 
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should be {-3, 0, 3} for resource grid with 
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(30 kHz SCS), and {-1.5, 0, +1.5} for resource grid with 
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(60 kHz SCS), respectively. However, the absolute frequency offset set is the same for numerology
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, i.e. {-90 kHz, 0, 90 kHz}. Similarly, this issue also exists in FR2. According to the OFDM signal generation formula, like the subcarrier index k, the quantity 
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should be in terms of 15 kHz and 60 kHz subcarrier spacing for FR1 and FR2, respectively, and the quantity
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should be calculated based on both the higher layer signaling 
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Observation 2: The value set 
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may not meet the RB align requirement for resource grid with different numerology configuration.
Proposal 2: Further clarification is needed that the entry of 
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for OFDM baseband signal generation.
The corresponding text proposal for subclause 5.3 in TS 38.211 is given in Appendix.
4. Conclusion
Based on the discussion above, we have the following observations and proposals :
Observation 1: SSB may be not 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.
Proposal 1: A new quantity [image: image89.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.
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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

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 is defined by
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 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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 is the unit of 
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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.
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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 PRACH
==============================Unchanged part omitted==============================
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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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k
k+1
k+2
k+3
k+4
k+5
k+6
k+7
k+8
k+9
k+10
k+11
SC0











SC0











RMSI RB
RMSI PRB gird
(15kHz SCS)
k-th RE in resource grid(30kHz)
k+1-th RE in resource grid



_1584432627.unknown

_1584432628.unknown

_1584427174.unknown

_1584432626.unknown

_1584427384.unknown

_1584427451.unknown

_1584427182.unknown

_1584426781.unknown

_1584426919.unknown

f0:carrier frequency
15MHz
15kHz
30kHz
60kHz
f0:carrier frequency
15MHz
15kHz
30kHz
60kHz



_1583871126.unknown

_1583873489.unknown

_1584174496.unknown

_1583871139.unknown

_1583870247.unknown

_1583865563.unknown

_1583866921.unknown

_1583869436.unknown

_1583870135.unknown

_1583869381.unknown

_1583865987.unknown

_1583848899.unknown

_1583772893.unknown

_1583848460.unknown

_1579936437.unknown

SC0
Channel bandwidth
RB#0 of SSB
Resource grid(15kHz SCS)
SS Block(30kHz SCS)
SS Block(30kHz)
Common RB

Resource grid(30kHz SCS)
Common RB



_1583770961.unknown

_1583771018.unknown

_1583771943.unknown

_1583772498.unknown

_1583770988.unknown

SC0
Channel bandwidth
RB#0 of SSB
Resource grid(240kHz SCS)
RMSI PRB Grid
 (60kHz SCS)
SS Block(240kHz SCS)



SS Block(240kHz) +RMSI(60kHz)
RMSI RB



SC0
Channel bandwidth
RB#0 of SSB
Resource grid(240kHz SCS)
RMSI PRB Grid
 (60kHz SCS)
SS Block(240kHz SCS)



SS Block(240kHz) +RMSI(60kHz)
RMSI RB



SC0
Channel bandwidth
RB#0 of SSB
Resource grid(240kHz SCS)
SS Block(240kHz SCS)



SS Block(240kHz) +RMSI(60kHz)
RMSI RB
RMSI PRB Grid 
(60kHz SCS)



SC0
Channel bandwidth
RB#0 of SSB
Resource grid(240kHz SCS)
SS Block(240kHz SCS)



SS Block(240kHz) +RMSI(60kHz)
RMSI RB
RMSI PRB Grid 
(60kHz SCS)



_1583765918.unknown

_1579936494.unknown

SC0
Channel bandwidth
RB#0 of SSB
Resource grid(15kHz SCS)
SS Block(30kHz SCS)
SS Block(30kHz)
Common RB

Resource grid(30kHz SCS)
Common RB



_1583762045.unknown

_1579955591.unknown

_1579955604.unknown

_1581831758.unknown

_1579936544.unknown

_1579955328.unknown

_1579936483.unknown

_1577696947.unknown

_1579545971.unknown

_1579936408.unknown

_1579680483.unknown

_1579692753.unknown

_1579545949.unknown

_1578733429.unknown

_1570434879.unknown

_1571822998.unknown

_1574535205.unknown

_1574253842.unknown

_1570873810.unknown

_1564318458.unknown

_1564318479.unknown

_1557663777.unknown

_1559035401.unknown

