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1.	Introduction
Nominal spacing between two adjacent standalone NB-IoT carriers is 200 kHz. However, no deviation for standalone NB-IoT carrier is allowed from the 100 kHz channel raster (ref. Note 2 in Clause 5.7.3F of TS 36.101 [1]), which results in a mismatch with the 15 kHz subcarrier grid. Consequently, there is no additional isolation from orthogonal carriers. However, a deviation from the 100 kHz channel raster positions for standalone NB-IoT carrier should not be a problem since in-band and guard-band operations allow up to ±7.5 kHz offset for an anchor carrier and up to ±47.5 kHz offset for a non-anchor carrier in DL, and even up to +47.5/-50 kHz offset in UL (ref. Clause 5.7.3F of [1]).
This contribution provides analysis and simulation results to show the benefits of allowing a deviation from the 100 kHz channel raster positions for standalone NB-IoT carrier, and proposes to support this in the RAN4 specifications.

2.	Discussion
[bookmark: _Toc336211415]Clause 5.7.3F of [1] is extracted below for reference:
<Start of extraction>
5.7.3F	Carrier frequency and EARFCN for category NB1
The carrier frequency of category NB1 in the downlink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) in the range 0 – 262143 and the Offset of category NB1 Channel Number to EARFCN in the range {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,-0.5,0,1,2,3,4,5,6,7,8,9}. The relation between EARFCN, Offset of category NB1 Channel Number to EARFCN and the carrier frequency in MHz for the downlink is given by the following equation, where FDL is the downlink carrier frequency of category NB1, FDL_low and NOffs-DL are given in table 5.7.3-1, NDL is the downlink EARFCN, MDL is the Offset of category NB1 Channel Number to downlink EARFCN.
FDL = FDL_low + 0.1(NDL – NOffs-DL) + 0.0025*(2MDL+1)
The carrier frequency of category NB1 in the uplink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) in the range 0 –262143 and the Offset of category NB1 Channel Number to EARFCN in the range {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9}. The relation between EARFCN, Offset of category NB1 Channel Number to EARFCN and the carrier frequency in MHz for the uplink is given by the following equation, where FUL is the uplink carrier frequency of category NB1, FUL_low and NOffs-UL are given in table 5.7.3-1, NUL is the uplink EARFCN, MUL is the Offset of category NB1 Channel Number to uplink EARFCN.
FUL = FUL_low + 0.1(NUL – NOffs-UL) + 0.0025*(2MUL)
NOTE 1:	For category NB1, NDL or NUL is different than the value of EARFCN that corresponds to E-UTRA downlink or uplink carrier frequency for in-band and guard band operation.
NOTE 2:	For stand-alone operation, only MDL = -0.5 and MUL= 0 are applicable. MDL = -0.5 is not applicable for in-band and guard band operation.
NOTE 3:	For the carrier including NPSS/NSSS for in-band and guard band operation, MDL is selected from {-2,-1,0,1}.
<End of extraction>
Note 2 above prohibits any deviation for standalone NB-IoT carrier from the 100 kHz channel raster. To benefit from isolation of orthogonal carriers, adjacent standalone NB-IoT carriers need to be placed with an offset equal to an integer multiple of 15 kHz, thus providing orthogonality for both, 15 kHz and 3.75 kHz subcarrier spacing. For minimum deviation from the 100 kHz channel raster, an offset of 195 kHz could be used, which also constitutes an integer multiple of 15 kHz.
Figure 1 shows the simulation results for two NB-IoT carriers with different spacing. One NB-IoT carrier has 10 dB higher power and serves as the interferer. The other NB-IoT carrier is the victim, the block error rate of which is monitored. It is clearly visible that with 195 kHz spacing significantly less interference is produced than with 200 kHz spacing, though the interferer at 195 kHz distance is closer than 200 kHz. For comparison, the ideal case without interferer is plotted as well, which is almost identical with 300 kHz spacing.
 [image: ]
Figure 1: Block error rate Vs signal to noise ratio for UL NB-IoT for different interferer distance
The offset of 210 kHz is also an integer multiple of 15 kHz and results in a larger but still tolerable deviation from the 100 kHz channel raster. If more than 3 standalone carriers shall be transmitted, also 210 kHz offset may be utilized in addition, to avoid the increasing accumulation of deviation from the channel raster.
A prerequisite for the orthogonality is good time alignment with the symbols of the adjacent standalone NB-IoT carriers, which can be achieved with the carriers being transmitted/received from the same radio unit. If the same radio is used to transmit/receive the carriers, an offset of 180 kHz (i.e. no guard band between the carriers) can be considered. However, in this case the minimum deviation from the 100 kHz channel raster will be increased to 10 kHz, which exceeds the tolerable 7.5 kHz deviation from UE perspective.
One technique to support an offset of 180 kHz between the adjacent standalone NB-IoT carriers is that the UE can first camp onto an anchor standalone NB-IoT carrier which has less than 7.5 kHz deviation from the 100kHz channel raster, then perform a cell reselection to the adjacent non-anchor standalone NB-IoT carrier. Note that higher layer signaling (ref. Table 5.5a-1 in Clause 5.5a of TS 36.300 [2]) can already support this technique.
The following figures illustrate the alignment of multiple adjacent stand-alone NB-IoT carriers with the 100 kHz channel raster. Figure 2 shows two adjacent stand-alone NB-IoT carriers with 195 kHz carrier spacing. The deviation from channel raster positions is ±2.5 kHz.
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[bookmark: _Ref472684965]Figure 2: Two adjacent standalone NB-IoT carriers with 195 kHz carrier spacing
Figure 3 shows that the deviation increases to ±5 kHz, if a carrier spacing of 210 kHz is used.
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[bookmark: _Ref472685269]Figure 3: Two adjacent standalone NB-IoT carriers with 210 kHz carrier spacing
This carrier combination occupies 15 kHz more bandwidth than the previous in Figure 2. Hence it seems beneficial to continue with 195 kHz carrier spacing, if more standalone NB-IoT carriers are placed adjacent.
Figure 4 shows the situation for three carriers. The deviation from 100kHz channel raster positions is [+5, 0, –5] kHz.
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[bookmark: _Ref472685961]Figure 4: Three adjacent stand-alone NB-IoT carriers with 195kHz carrier spacing
Adding another carrier with 195 kHz carrier spacing would increase the deviation from channel raster positions above 5 kHz. To extend the deviation further, a carrier spacing of 210 kHz was applied to the fourth carrier, as seen in Figure 5.

[image: cid:image001.png@01D2999F.986C4D50]
[bookmark: _Ref472686466]Figure 5: Four adjacent stand-alone NB-IoT carriers with different carrier spacing
This scheme can be continuously extended. Deviation from channel raster positions does not exceed 5 kHz. All carriers can be handled with a deviation of either +5, 0 or –5 kHz from 100kHz channel raster positions. However, it makes sense to allow also deviations of ±2.5 kHz to minimize the deviation in case of two adjacent carriers (see Figure 2).
All above combinations with 195 and/or 210 kHz carrier spacing benefit from additional isolation, which is provided by the orthogonality between the carriers aligned with the 15kHz subcarrier grid. Time alignment between all carriers is easy to achieve for a single radio implementation, since all NB-IoT carriers have common time and phase reference. However, small deviations from that reference do not destroy orthogonality completely.  
If adjacent NB-IoT carriers have different subcarrier spacing, the 15kHz spaced subcarriers will receive interference from 3 out of 4 of the 3.75 kHz spaced subcarriers, while each 3.75 kHz spaced subcarrier will receive interference from all 15 kHz spaced subcarriers because of more frequent symbol transitions. The situation is comparable with having 3.75 kHz in-band or guard-band NB-IoT adjacent with LTE. This may degrade UL performance significantly. To avoid this, groups with 3.75 kHz spacing must be separated by 100 kHz gaps from groups with 15 kHz spacing.

3.	Conclusion and proposals
This contribution has provided analysis and simulation results to show that the benefits (in turns of both system performance and spectral efficiency) of allowing a deviation from the 100 kHz channel raster positions for standalone NB-IoT carrier.
Hence it is proposed to support this in the RAN4 specifications by removing the limitation in Note 2 and Note 3 as follows. CRs for the above changes are provided in [3-8].
NOTE 2:	For stand-alone operation, only MDL = -0.5 and MUL= 0 are applicable. MDL = -0.5 is not applicable for in-band and guard band operation.
NOTE 3:	For the carrier including NPSS/NSSS for stand alone, in-band and guard band operation, MDL is selected from {-2,-1,0,1}.
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