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1 Background
The Rel-16 NB-IoT WI [1] has been revised to add the main areas to be investigated when it comes to NB-IoT and NR coexistence. 
During last meeting, a TR skeleton [2] has been agreed. In the approved Way Forward [3]5203, it was mentioned Ericsson and ZTE should propose a TP to capture agreements on channel raster and PRB/subcarrier alignment. 

The following TP is based on previous meetings’ contributions [4], [5] and [6].

2 Conclusion 

It is proposed to capture the below TP into TR [7].
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4 Text Proposal

<TP for TR “Coexistence of NB-IoT with NR (Release 16)”>
5.2.1
Channel raster, PRB and subcarrier grid alignment
5.2.1.1
Convention

In the following sub-sections, focus is on NR 15 kHz SCS. Coexistence with NR 30kHz and 60kHz SCS is nevertheless addressed, mentioning additional guard band would be needed in between NR and NB-IoT. Also, PRBs alignment won’t really make sense anymore as orthogonality could not be preserved when considering 30kHz and 60 kHz SCS.
In the following sub-sections, here after tone and RB index rules are assumed:

· Tone (or subcarrier) #0 of one RB is the first tone (or subcarrier) of that RB, as shown on Figure 1 with NB-IoT RB.

· If NRB is the number of RBs for a certain NR channel bandwidth:

· RB #0 is the RB hosting the NR RF reference frequency. 

· Subcarrier #0 is the first subcarrier of RB #0.

· As shown on Figure 2, if NRB is even:

· RB #(-NRB/2) is the RB on the lower edge of NR RF channel BW

· Subcarrier #(-NRB/2*12) is the first subcarrier at lower edge of NR RF channel BW.

· RB #(NRB/2-1) is the RB on the upper edge of NR RF channel BW.

· Subcarrier #((NRB/2)*12-1) is the last subcarrier at upper edge of NR RF channel BW.

· As shown on Figure 2, if NRB is odd:

· RB #(-(NRB-1)/2) is the RB on the lower edge of NR RF channel BW

· Subcarrier #(-(NRB-1)/2*12) is the first subcarrier at lower edge of NR RF channel BW.

· RB #((NRB-1)/2) is the RB on the upper edge of NR RF channel BW.

· Subcarrier #((NRB+1)/2*12-1) is the last subcarrier at upper edge of NR RF channel BW.

For example, for a NR 10MHz channel bandwidth signal:

· RB#0 is the RB in the middle hosting the RF reference frequency (channel raster).

· RB#(-26) is the RB on the lower edge of NR RF channel BW.

· RB#25 is the RB on the upper edge of NR RF channel BW.

5.2.1.2
NB-IoT channel raster

The NB-IoT carrier frequency position is defined on a 100 kHz channel raster based as follow: 

FDL = FDL_low + 0.1(NDL – NOffs-DL) + 0.0025*(2MDL+1)
FUL = FUL_low + 0.1(NUL – NOffs-UL) + 0.0025*(2MUL)
The specified carrier frequency is located in the middle of NB-IoT RB, i.e. the frequency in between tones 5 and 6 of the RB (for 15 kHz SCS), as shown on Figure 5.2.1.2-1.
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Figure 5.2.1.2-1: NB-IoT carrier location
MDL and MUL values ranges are specified in TS 36.104 or TS 36.101.

The anchor NB-IoT RB (broadcasting NPSS/NSSS) position is defined with a limited MDL range to {-2,-1,0,1}. 

5.2.1.3
NR channel raster

NR has considered 2 types of channel raster:

· 100 kHz based channel raster, mainly used for NR bands re-farmed from LTE ones.

· SCS based channel raster, 15 or 30 kHz for FR1.

Note that all FDD bands in FR1 have a channel raster based on 100 kHz.

The RF reference frequency defined by this channel raster identifies the RF channel position depending on the number of specified RBs (NRB) by the spectrum utilization for a given SCS and channel bandwidth:

· If this number is even, then it points to the subcarrier #0 (first one) of RB index #0, as shown in Figure 2.

· If this number is odd, the it points to the subcarrier #6 of RB index #0, as shown in Figure 5.2.1.3-1.
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Figure 5.2.1.3-1: NR RF reference frequency position
5.2.1.4
NR SS Blocks

The presence of the NR Synchronization Signal (SS) blocks would restrict possible options when placing a NB . Those blocks contain synchronization signals (PSS and SSS) which are used for UE to synchronize and connect to the BS. It’s so key that NB-IoT is not overlapping those blocks to not impact NR UE synchronization performance.

The SS block pattern for 15 kHz SCS is according to Case A (specified in TS 38.213 [5]) and its structure is given in Figure 5.2.1.4-1. SSB occupies 20 RBs in frequency domain and 4 OFDM symbols in time domain.
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Figure 5.2.1.4-1: Structure of SS Block
Considering NB-IoT is currently specified only for frequency bands below 3 GHz, following equation gives the frequency position of the synchronization raster:
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(4.1)
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 refers to the first subcarrier of the RB #10 of the SSB block (which corresponds to 11th RB of the SSB block). 

Therefore, the minimum and maximum frequencies of the SSB (i.e., SSB edges), based on Figure 5.2.1.4-2, are:
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(4.2)
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Figure 5.2.1.4-2: Position of SSREF in SSB.

Which also means NB-IoT RB, shall also not be overlapping the following frequency range, as illustrated on Figure 5.2.1.4-3.:
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Figure 5.2.1.4.-3: Feasible locations of an NB-IoT RB to avoid overlap with NR SSB in coexistence scenario.
5.2.1.5
NB-IoT and NR coexistence

As mentioned before, NB-IoT carrier frequency and NR RF reference frequency refers to different locations in the frequency domain:

· NB-IoT carrier frequency is referring to a frequency located in between 2 NB-IoT tones.

· NR RF reference frequency is referring to a frequency located in the middle of a tone.

To align sub-carriers, considering NR 15 kHz SCS, a 7.5 kHz offset shall therefore be considered in between reference frequencies.

5.2.1.6
NR 100 kHz channel raster

5.2.1.6.1
DL considerations

5.2.1.6.1.1
Carrier frequency 
Based on previous considerations (NB-IoT carrier frequency, preserving perfect orthogonality in between NB-IoT and NR tones), the following equation should be resolved:
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(6.1)
With: 

· MDL being the Offset of NB-IoT Channel Number to EARFCN.
· n being an integer identifying NB-IoT carrier on the 100kHz grid

· m being an integer identifying NR RF reference frequency on the 100 kHz grid

· k being an integer representing a subcarrier index from NR RF reference frequency.

This would then result in following potential subcarrier index:

[image: image17.png]20+ m—m) + MDL+2
3






(6.2)
All possible positions are determined by finding (n-m) values so that k is an integer that would solve this equation (6.2).

5.2.1.6.1.2
RB alignment

NB-IoT RB and NR RB should be aligned to optimize resource utilization, avoiding that a NB-IoT RB overlaps 2 NR RBs.

As mentioned in 2.2, NR reference frequency refers to different subcarriers of the middle RB depending on spectrum utilization, and more specifically on the parity of the number of RBs allocated for a considered channel bandwidth.

Based on this, to ensure RBs alignment, considering p being an integer representing the RB index from NR reference frequency (p = 0 for the NR RB hosting the NR Reference frequency), if:

· The maximum number of RBs for a given channel bandwidth is even: NB-IoT carrier frequency should be further offset with 90 kHz, and equation (6.1) would become: 
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Figure 5.2.1.6.1.2-1: Possible “RB aligned” frequency positions for NB-IoT (number of NR RBs is even).

Equation (6.2) would become:
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(6.4)
· The maximum number of RBs for a given channel bandwidth is odd: no further offset shall be considered, equation (6.1) would become:
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Figure 5.2.1.6.1.2-2: Possible “RB aligned” frequency positions for NB-IoT (number of NR RBs is odd).
Equation (6.2) would become:
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(6.6)

5.2.1.6.1.3
Channel bandwidth

In previous equations (6.4) and (6.6), (n-m) represents the frequency separation in between NB-IoT carrier and NR RF reference frequency on a 100 kHz grid. 

So, for a given NR RF reference frequency, (n-m) would indicate the relative frequency position of NB-IoT carrier from that NR reference frequency. And vice-versa, for a given NB-IoT carrier frequency, (n-m) would indicate the relative frequency position of NR reference frequency from that NB-IoT carrier.

Also, p being the RB index from NR reference frequency, p has limited value determined from NR Channel bandwidth and from the corresponding spectrum utilization.

So, if NRB is the maximum number of RBs for a certain channel bandwidth (as specified by the transmission bandwidth configuration in TS 38.104 ([4]), considering p = 0 for the centre RB in that channel bandwidth, p will be bounded. Equations (6.4) and (6.6) would have following additional conditions:

· If NRB is even: 
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(6.7)
· If NRB is odd:
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(6.8)

Those equations could be used to determine the position of NB-IoT anchor RB (MDL as then limited set of values {-2,-1,0,1}), or of any non-anchor RB (MDL possible values would be then in the range of {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9}).

5.2.1.6.1.4
Conclusion

NB-IoT and NR operating with 15 kHz SCS could coexist in NR bands supporting 100 kHz channel raster while optimizing resource utilization by aligning respective RBs. The RB index to deploy NB-IoT, for a given channel bandwidth with a transmission bandwidth configuration of NRB, is given by: 

· If NRB is even: 
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    (Eq6.1)
· If NRB is odd:
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    (Eq6.2)
With the additional condition those candidates RBs shall not overlap in the following range: 
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From those equations, it’s then possible to determine where to deploy NB-IoT in-band of a given NR frequency deployment. Or vice-versa, it’s possible to determine how to deploy NR for a given NB-IoT frequency deployment, with NB-IoT operating in-band NR.

Those equations could be used to determine the position of NB-IoT anchor RB (MDL as then limited set of values {-2,-1,0,1}), or of any non-anchor RB (MDL possible values would be then in the range of {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9}).
5.2.1.6.1.5
Example

Based on previous equations, the maximum channel bandwidth for 15 kHz SCS being 50 MHz (NRB=270), p (anchor PRB position) could take one of the following values: [-131, -126, -121, -116, -111, …, -11, -6, -1, 4, 9, 14, 19, …124, 129, 134]

5.2.1.6.2
NR FDD bands– UL considerations

Due the DC component in DL but not in UL, there is a 7.5 kHz shift in between DL and UL for E-UTRA. As NB-IoT might be operated in E-UTRA in-band, this shift exists also in between NB-IoT DL and UL. 

NR has no DC component in its design, so such 7.5 kHz shift doesn’t exist in between DL and UL. Nevertheless, to facilitate NR and E-UTRA coexistence and SUL feature, the possibility to have this 7.5 kHz offset has also been introduced for all FDD bands (see TS 38.104 [4] section 5.2.4.1): 

For SUL bands and for the uplink of all FDD bands defined in table 5.2-1,


FREF,shift = FREF + Δshift,  Δshift = 0 kHz or 7.5 kHz

where Δshift is signalled by the network in higher layer parameter frequencyShift7p5khz [11].

Using this 7.5 kHz shift it is possible to align NB-IoT RB when operating in NR in-band with NR RBs and so maintain orthogonality.

5.2.1.6.3
NR TDD bands – UL considerations

Similar to FDD, for E-UTRA TDD, there is a 7.5 kHz offset in between DL and UL. 

Unfortunately, the optional 7.5 kHz shift in between UL and DL was not agreed for NR TDD bands. This can’t be used then to compensate the offset in between UL and DL for NB-IoT.

However, in the scope of Rel-15 and the introduction of TDD support for NB-IoT, anticipating NR, the range of possible position frequency positions of NB-IoT TDD UL carrier has been extended in TS 36.104 [6].

The NB-IoT UL frequency position was initially specified with: 


FUL = FUL_low + 0.1(NUL – NOffs-UL) + 0.0025*(2MUL)



with MUL in the range of {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9}

While from Rel-15, and the introduction of NB-IoT TDD support, the specification is:


FUL = FUL_low + 0.1(NUL – NOffs-UL) + 0.0025*(2MUL)


with MUL in the range of {-11,-10,-9.5,-9,-8.5,-8,-7.5,-7,-6.5,-6,-5.5,-5,  -4.5,-4,-3.5,-3,-2.5,-2,-1.5,-1,-0.5,0,0.5,1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9,9.5,10, 11} for TDD
It’s then possible for NB-IoT TDD to align UL with DL carrier.

NR UL and DL carriers being aligned, with a 0 kHz offset, this means NB-IoT TDD DL and UL could coexist operating in-band with NR DL and UL, keeping orthogonality in between tones.

The only drawback is that NB-IoT UL carrier can’t remain at exact same frequency position when migrating from E-UTRA TDD to NR TDD but shall be shifted with an offset of 7.5 kHz.
5.2.1.6.4
Example

Let’s consider a NR 10MHz channel bandwidth (NRB=52) deployed in band n1. This band uses 100 kHz channel raster.

Let’s assume the RF reference frequency for this deployment is NREF=427000, so FREF = 2,135 MHz.

NRB being even, such deployment would be in between 2,135,000-7.5-5,000=2,129,992.5 kHz (which corresponds to lower edge of RB #(-26)) and 2,135,000-7.5+5,000=2,139,992.5kHz (which corresponds to upper edge of RB #25).

As seen in 2.4.5, the SS block would occupy a frequency block from 1200*N+50*M-10*180-7.5 kHz to 1200*N+50*M+10*180-7.5 kHz.

Assuming N=1778 and M=5 (GSCN=5333), being subcarrier aligned, the SS block would occupy frequency range [2,132,042.5 ; 2,135,642.5] kHz. In other words, SS block would overlap NR RBs #(-17) to #3.
Considering NB-IoT and NR RB alignment, NB-IoT anchor RB could then be deployed in one of the following NR DL RBs: [-26, -21, 4, 9, 14, 19, 24].

Considering sub-carrier alignment only (with overlapping of NB-IoT RB over 2 NR RBs then) would offer more options for possible NB-IoT RB location, with subcarriers [-306, -300, -299, … -13, -6, 0, 1, 7, …294, 300, 301].
5.2.1.7
NR SCS based channel raster
5.2.1.7.1
DL considerations

5.2.1.7.1.1
Carrier frequency 
Based on previous considerations (NB-IoT carrier frequency, preserving perfect orthogonality in between NB-IoT and NR tones, which also means NR SCS=15 kHz), the following equation should be resolved:
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(7.1)

With: 

· MDL: Offset of NB-IoT Channel Number to EARFCN.
· n: integer identifying NB-IoT carrier on the 100kHz grid

· k: subcarrier index.

· m: integer identifying NR RF reference frequency 

· I : step size as specified in Table 5.4.2.3-1 of TS 38.104, Step = {1, 2, 3, 6} depending on carrier frequency and sub-carrier spacing.

This would then result in following potential subcarrier index:
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All possible positions are determined by finding (n,m) values so that k is an integer that would solve this equation (7.2).
5.2.1.7.1.2
RB alignment  

When considering 15 kHz SCS, NB-IoT RB and NR RB should be aligned to optimize resource utilization, avoiding that a NB-IoT RB overlaps 2 NR RBs.

When considering other SCS, RBs alignment is not obvious anymore. Orthogonality will be lost, and some guard would be needed in between NR RBs and NB-IoT RB. Depending on the required guard, it might be more optimal to center NB-IoT RB with one or 2 punctured NR RBs.

In the following, considering no requirement has to be specified for mixed numerology, we will only investigate NR 15 kHz SCS.

As mentioned in 2.2, NR reference frequency refers to different subcarriers of the middle RB depending on spectrum utilization, and more specifically on the parity of the number of RBs allocated for a considered channel bandwidth.

Based on this, to ensure RBs alignment, considering p being an integer representing the RB index from NR reference frequency (p = 0 for the NR RB hosting the NR Reference frequency), if:

· The maximum number of RBs for a given channel bandwidth is even: NB-IoT carrier frequency should be further offset with 90 kHz, and equation (1) would become: 
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With I15  = 3 for channel raster below 3 GHz and I15  = 1 for channel raster above 3 GHz
Equation (7.2) would become:
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(7.4)

Or [image: image61.emf]𝑝   =     20 ∗   𝑛   +   M DL − 3 ∗ 𝑚 −   1 6   36  

 for channel raster below 3 GHz.
· The maximum number of RBs for a given channel bandwidth is odd: no further offset shall be considered, equation (7.1) would become:
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With I15  = 3 for channel raster below 3 GHz and I15  = 1 for channel raster above 3 GHz

Equation (7.2) would become:

[image: image63.emf]𝑝   =     20 ∗   𝑛   +   M DL − 𝐼 15 ∗ 𝑚 + 2   36  



(7.6)

Or
 [image: image64.emf]𝑝   =     20 ∗   𝑛   +   M DL − 3 ∗ 𝑚 + 2   36  

for channel raster below 3 GHz.

5.2.1.7.1.3
Channel bandwidth

Also, p being the RB index from NR reference frequency, p has limited value determined from NR Channel bandwidth and from the corresponding spectrum utilization.

So, if NRB is the maximum number of RBs for a certain channel bandwidth (as specified by the transmission bandwidth configuration in TS 38.104 ([4]), considering p = 0 for the centre RB in that channel bandwidth, p will be bounded. Equations (7.4) and (7.6) would have following additional conditions:

· If NRB is even: 
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· If NRB is odd:
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(7.8)

Comparing to 100 kHz channel raster for both NR and NB-IoT, with NR SCS based channel raster, the possible positions of NB-IoT RB depend here of NR carrier frequency position. For a given NR channel bandwidth signal, it’s then not possible to give the candidate list of NB-IoT RB as it also depends on NR-ARFCN value.

5.2.1.7.1.4
Conclusion

NB-IoT and NR operating could coexist in NR bands supporting SCS based channel raster, but also optimizing resource utilization by aligning respective RBs for 15 kHz SCS. The RB index to deploy NB-IoT, for a given channel bandwidth with a transmission bandwidth configuration of NRB, is given by: 

· If NRB is even: 
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       (Eq7.1)
· If NRB is odd:
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       (Eq7.2)
With the additional condition those candidates RBs shall not overlap in the following range: 


[image: image81.png][ 1200N + 50M — (10 x 180) — 7.5,1200N + 50M + (10 x 180) — 7.5] [kHz]




      (Cond7.1)

where [image: image83.png]


 is an integer, and [image: image85.png]M € {1,3,5)



.  

From those equations, it’s then possible to determine where to deploy NB-IoT in-band of a given NR frequency deployment. Or vice-versa, it’s possible to determine how to deploy NR for a given NB-IoT frequency deployment, with NB-IoT operating in-band NR.

Those equations could be used to determine the position of NB-IoT anchor RB (MDL as then limited set of values {-2,-1,0,1}), or of any non-anchor RB (MDL possible values would be then in the range of {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9}).

5.2.1.7.2
UL considerations

All SCS based channel raster are TDD bands, so the following UL consideration is focusing on TDD bands only.

With E-UTRA, there is a 7.5 kHz offset in between DL and UL. 

In the scope of Rel-15 and the introduction of TDD support for NB-IoT, anticipating NR, the range of possible position frequency positions of NB-IoT TDD UL carrier has been extended in TS 36.104 [6].

The NB-IoT UL frequency position was initially specified with: 


FUL = FUL_low + 0.1(NUL – NOffs-UL) + 0.0025*(2MUL)



with MUL in the range of {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9}

While from Rel-15, and the introduction of NB-IoT TDD support, the specification is:


FUL = FUL_low + 0.1(NUL – NOffs-UL) + 0.0025*(2MUL)


with MUL in the range of {-11,-10,-9.5,-9,-8.5,-8,-7.5,-7,-6.5,-6,-5.5,-5,  -4.5,-4,-3.5,-3,-2.5,-2,-1.5,-1,-0.5,0,0.5,1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9,9.5,10, 11} for TDD
It’s then possible for NB-IoT TDD to align UL with DL carrier.

NR UL and DL carriers being aligned, with a 0 kHz offset, this means NB-IoT TDD DL and UL could coexist operating in-band with NR DL and UL, keeping orthogonality in between tones.

The only drawback is that NB-IoT UL carrier can’t remain at exact same frequency position when migrating from E-UTRA TDD to NR TDD but shall be shifted with an offset of 7.5 kHz.
5.2.1.7.3
Example

Let’s consider a NR 10MHz channel bandwidth (NRB=52) deployed in band n41. This band uses 15 kHz or 30 kHz SCS based channel raster, we’ll consider 15 kHz SCS in the following.

Let’s assume the RF reference frequency for this deployment is NREF=512400, so FREF = 2,562 MHz.

NRB being even, such deployment would be in between 2,562,000-7.5-5,000=2,556,992.5 kHz (which corresponds to lower edge of RB #(-26)) and 2,520,000-7.5+5,000=2,566,992.5kHz (which corresponds to upper edge of RB #25).

As seen in 2.5.4, the SS block would occupy a frequency block from 1200*N+50*M-10*180-7.5 kHz to 1200*N+50*M+10*180-7.5 kHz.

Assuming N=2134 and M=3 (GSCN=6402), being subcarrier aligned, the SS block would occupy frequency range [2,559,142.5 ; 2,562,742.5] kHz. In other words, SS block would overlap NR RBs #(-17) to #4.

Considering NB-IoT and NR RB alignment, NB-IoT RB could then be deployed in one of the following NR DL RBs: [-26, -21, 9, 14, 19, 24].
<End of the TP>

