14

[bookmark: historyclause]3GPP TSG-RAN WG4 Meeting #94-e-Bis		R4-2005035
Electronic meeting, 20 – 30 April, 2020	

Agenda item:	8.18.2
Source:	CableLabs
Title:	Study of DSS in band 48/n48 channel raster
Document for:	Discussion
Introduction 
RAN#86 meeting approved WID RP-193213 [1] targeting:
· “Channel raster: Confirm that NR channel raster can be aligned with LTE center frequencies.” 
Two NR channel raster options, 100 and 300 kHz, were discussed during the RAN4 #94-e meeting but no agreement was achieved [2]. A third and fourth raster option of 15 and 30 kHz are part of the current draft of the standard for band n48 [9]. A WF for further study was proposed [3]. In this contribution, we provide a brief summary of the of DSS in band 48/n48 channel raster challenges and makes appropriate observations and proposals.
Proposals based on this analysis are contained in companion document R4-2003464. 
NR channel raster in band 48/n48 
[bookmark: _Toc13821307][bookmark: _Toc13823307]Based on TS 36.101 Section 5.7, LTE channels are defined by center frequency and bandwidth. LTE carrier center frequency must be an integer multiple of 100 kHz channel raster. More details are provided in Section 5.1.
However, NR channels have two groups of parameters that define the synchronization signal (SS/PBCH) resource block grid and separately the relative position of the common resource block grid. These two resource block grids, which may or may not be resource block aligned [14], are defined by a group of parameters, as illustrated in Figure 1, including 
· Common Resource Block grid:
· absoluteFrequencyPointA: serves as a common reference point for resource block (RB) grids and is defined by NR-ARFCN [4] and [5];
· carrierBandwidth: The width of this carrier in number of PRBs using the subcarrier spacing defined for this carrier [6]. For band n48, 10 MHz nominal channel width, the maximum value is 24 for 30 kHz SCS or 52 for 15 kHz SCS [13];
· offsettoCarrier: Offset in frequency domain between Point A (lowest subcarrier of common RB 0) and the lowest usable subcarrier on this carrier in number of PRBs (using the subcarrier spacing for this carrier) [6].
· SS/PBCH Resource Block grid:
· offsetToPointA: represents the frequency offset between point A and the lowest subcarrier of the lowest RB which has the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and overlaps with the SS/PBCH block used by the UE for initial cell selection .  offsetToPointA is expressed in 180 kHz steps for FR1. The band n48 range: 0:2199, [4], [6] and [7];
· kSSB: represents the frequency domain offset between SSB and the overall resource block grid in number of subcarriers. For FR1 the range 0:23 [8];
· absoluteFrequencySSB: center frequency of SSB/PBCH, defined by global synchronization channel number (GSCN) [9], [10]. Note that absoluteFrequencySSB is not center of the channel. The frequency offset between the first subcarrier of SSB/PBCH and absoluteFrequencySSB is 3.6 MHz (10 RBs).
Note that absoluteFrequencySSB can only take a defined set of NR-ARFCN values identified by GSCN index. GSCN is defined [10] with an increment of 1.2 MHz below 3 GHz and 1.44 MHz above 3 GHz. This increment is also defined as sync raster and governs the position of the SSB.
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Figure 1. Parameters that define a NR channel.
Observation 1: NR channels are not defined by center frequency.
Accordingly, we consider the goal of an NR channel raster analysis for band n48 is to determine if NR channels can be defined to fit within the 10 MHz channels identified in the FCC band plan for 3.5 GHz priority access licensing (PAL) seen in Figure 2.
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Figure 2. FCC 10MHz Channelized PAL Channel Band Plan [15]
Note that while this diagram is not explicitly labeled on the frequency axis, the only configuration which produces 10 non-overlapping channels of 10 MHz each in the PAL sub-band (3550 – 3560MHz), results in channels defined on 10 MHz boundaries i.e. 3550, 3560, 3570, etc. 
Therefore, our analysis goals targeted:
· To evaluate raster options and channel definition parameter sets which produce NR channels that occupy 10 MHz channels with the FCC defined lower and upper edge channel boundaries. 
· After identifying such channel configurations, we then evaluate any implied changes to previously agreed 3GPP specification content and/or impact on spectrum usage efficiency.
ΔF_Global
As currently defined in TS 38.101-1 Table 5.4.2.1-1 the Δf_global for frequencies above 3 GHz is 15 kHz. As a result, all the channel definition parameters which are defined as NR-ARFCN values must be specified as a valid NR-ARFCN values based on the band specific subset of integers defined in Section 5.4.2.3 and Table 5.4.2.3.-1.
30 kHz Channel Raster
The currently defined 30 kHz channel raster produces a band specific subset of integer NR-ARFCN values deductible  from the Δf_global Nref set of values.
Additionally, [12] allows +/-10 kHz offsets for ∆FRaster.
Further details on the calculations checking that the NR 10 MHz, channel edges, channel center frequency are provided in Appendix 5.2. Two subcases were analysed: Point A aligned with the Low Channel Edge and PointA below the Low Channel Edge. Both cases indicate tht PRB alignment with the channel cengter (same as in the LTE case).
Observation 1: The proposed 30 kHz channel raster for band n48 aligns with the Δf_global 15 kHz global raster defined for frequencies above 3 GHz and also with the LTE channel raster.
Observation 2: The 30kHz channel raster may require  +/- 10 kHz channel alignment offset 
It is observed that the total Ch BW in this case is 10.055 MHz. This is caused by the difference between the offsetToPointA (expressed in multiples of 360 kHz – e.g. 720 kHz for the case above). In order to get a perfect LTE and NR PRB alignment, the offsetToCarrier definition may require further analysis (to match the lower guard band size).
In order to avoid defining non-standard Channel BW definitions, the offsetToCarrier should equal Low guard band (e.g. 665 kHz for this case).
Observation 3: The offsetToCarrier would require further analysis.

15 kHz Channel Raster
The currently defined 15 kHz channel raster produces a band specific subset of integer NR-ARFCN values deductible  from the Δf_global Nref set of values.
Additionally, [12] allows +/-5 kHz offsets for ∆FRaster.
It is observed that the total Ch BW in this case is 10.055 MHz. This is caused by the difference between the offsetToPointA (expressed in multiples of 360 kHz – e.g. 720 kHz for the case above).
In order to avoid defining non-standard Channel BW definitions, the offsetToCarrier should equal Low guard band (e.g. 312.5 kHz for this case.)
Without repeating the same analysis as presented in the above Table, we conclude that the 15 kHz also aligns with the LTE chanel raster. 
Observation4: The 15 kHz channel raster for band n48 aligns with the Δf_global 15 kHz global raster defined for frequencies above 3 GHz and also with the LTE channel raster.
Observation 5: The 15 kHz channel raster may require  +/- 5 kHz channel alignment offset 

100 kHz Channel Raster
The proposed 100 kHz channel raster does not produce raster frequencies that can be described as a band specific subset of the Nref values described by the Δf_global raster. This is because 100 kHz is not an integer multiple of the Δf_global 15 kHz. 7This observation is further supported by noting that all band specific channel rasters for bands above 3 GHz in FR1 use either 15 kHz or 30 kHz. All bands with a 100 kHz channel raster bands are below 3GHz where the Δf_global is 5 kHz which is a divisor of 100 kHz.
 300 kHz Channel Raster
The proposed 300 kHz channel raster produces a band specific subset of NR-ARFCN integers deductible from the Δf_global Nref set of values.
Observation 7: Since 300kHz is a multiple of both 15 and 30 khz channel rasters, this case may become an implementation of either one or both of the 15 or 30 kHz channel rasters.
GSCN Analysis
We observe that, in the frequency range above 3 GHz:
· The 1.44 MHz GSCN sync raster defines the set of frequencies used to define the center of the SSB.
· These frequencies must fall on a valid NR-ARFCN value to allow signaling per the definition of absoluteFrequencySSB given above.
In addition to this requirement:
· We assessed whether the resulting 7.2 MHz wide SSB, as defined by a valid GSCN index and NR-ARFCN value, 
· Subsequently, the SSB would be fully contained within the FCC PAL channel definitions per above. Any NR channel to be used in band n48 uses a SSB and that SSB must fit within the defined lower and upper channel edges. 
· In some cases, the SSB may be close to either the lower or upper channel edges. If so, we also checked that that either the lower or upper SSB edges break into minimum guard band [16]. 
30 kHz Channel Raster
The currently defined GSCN index values, and associated SSB center frequencies, can all be described as valid NR-ARFCN values on the band specific (15 kHz and) 30 kHz channel raster for band n48. 
Furthermore, there is at least one valid GSCN index which can be defined using the 30 kHz NR-ARFCN values  producing an SSB fully contained within the target channel bounds for FCC PAL channels, including guard band requirements where necessary [Table 1].
In this case, the The GSCN frequency step (1.44 MHz) is an integer multiple of 30 kHz channel raster
100 kHz Channel Raster
The currently defined GSCN Index values and the associated SSB center frequencies, cannot be all described as valid NR-ARFCN values on the proposed band specific channel raster of 100 kHz for band n48 due to the following:.
· 100 kHz is not a multiple of the ΔFGlobal=15 kHz (f>3 GHz)
· The GSCN frequency step (1.44 MHz) is not a integer multiple of 100kHz channel raster
Observation 8: The proposed 100 kHz channel raster for band n48 is not a multiple of the ΔFGlobal=15 kHz (f>3 GHz) and it is not an integer submultiple of the GSCN 1.44MHz step, therefore it can’t be PRB aligned with for all LTE band 48 channels.
Conclusions
All observations and proposals are comprised in our companion paper R4-2003464.
From this analysis, we conclude that:
1: 15 kHz Channel Raster
- It requires no changes to the actual standard.
- It supports PRB alignment with a coexistence LTE channel
- Requires further study to see if any of the issues found with other raster options are mitigated by using 15 kHz. 
2: 30 kHz Channel Raster
- It requires no changes to the actual standard.
- It supports PRB alignment with a coexistence LTE channel
3: 100 kHz Channel Raster
· It breaks the NR release 15/16 specifications (e.g. ARFCN and GSCN compliance).
4: 300 kHz Channel Raster
· It breaks the NR release 15/16 specifications (e.g. GSCN compliance). 
· 
5. offsetToCarrier would require further analysis in order to equal the low Guard Band size.
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Appendix
[bookmark: _Ref37236129]LTE Channel Definition Parameters
LTE channels are fully defined by the center frequency (E-ARFCN) and the dl_Bandwidth.
Example
· FDL = FDL-Low + 0.1 × (NDL – Noffs-DL)
· for band 48:
· FDL = 3550, NDL = 55240:56739 (E-ARFCN)
· dl-Bandwidth = {n6, n15, n25, n50, n75, n100} (as signaled by MIB)
· ChBW = 1.4, 3, 5, 10, 15, 20 [MHz]
[image: ]
Figure 3. LTE channel definition parameters.
Details on 30 kHz channel raster estimates
Table 5. Point A, center channel frequency and high channel edge estimates (PointA aligned with the Low Channel Edge)
[image: ]

Table 3 Point A, center channel frequency and high channel edge estimates (PointA below the Low Channel Edge)
[image: ]

Where: PointA frequency is the lower edge of the Ch BW, PRB HI is the high end of the 24 PRBs and Hi Channel is the frequency of the higher edge of the CH BW
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FCC PAL Ch Low absoluteFrequencyPointA ChannelSpacing PointA Frequency offsettoCarrier PRB Low NR-ARFCN Ch Center Frequency PRB Hi Hi Channel



[MHz] (Point A ARFCN) Offset {-10, 0 , 10 kHz} [MHz] x [360kHz] [MHz] center [MHz] [MHz] [MHz]
3550.000 636666 0.01 3550.000 2 3550.720 637001 3555.0275 3559.390 3560.055
3560.000 637334 -0.01 3560.000 2 3560.720 637668 3565.0275 3569.390 3570.055
3570.000 638000 0 3570.000 2 3570.720 638335 3575.0275 3579.390 3580.055
3580.000 638668 0.01 3580.000 2 3580.720 639001 3585.0275 3589.390 3590.055
3590.000 639334 -0.01 3590.000 2 3590.720 639668 3595.0275 3599.390 3600.055
3600.000 640000 0 3600.000 2 3600.720 640335 3605.0275 3609.390 3610.055
3610.000 640668 0.01 3610.000 2 3610.720 641001 3615.0275 3619.390 3620.055
3620.000 641334 -0.01 3620.000 2 3620.720 641668 3625.0275 3629.390 3630.055
3630.000 642000 0 3630.000 2 3630.720 642335 3635.0275 3639.390 3640.055
3640.000 642668 0.01 3640.000 2 3640.720 643001 3645.0275 3649.390 3650.055
3650.000 643334 -0.01 3650.000 2 3650.720 643668 3655.0275 3659.390 3660.055
3660.000 644000 0 3660.000 2 3660.720 644335 3665.0275 3669.390 3670.055
3670.000 644668 0.01 3670.000 2 3670.720 645001 3675.0275 3679.390 3680.055
3680.000 645334 -0.01 3680.000 2 3680.720 645668 3685.0275 3689.390 3690.055
3690.000 646000 0 3690.000 2 3690.720 646335 3695.0275 3699.390 3700.055
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FCC PAL Ch Low absoluteFrequencyPointA ChannelSpacing PointA Frequency offsettoCarrier PRB Low NR-ARFCN Ch Center Frequency PRB Hi Hi Channel



[MHz] (Point A ARFCN) Offset {-10, 0 , 10 kHz} [MHz] x [360kHz] [MHz] center [MHz] [MHz] [MHz]
3550.000 636664 0 3549.960 2 3550.680 637000 3555.000 3559.350 3560.015
3560.000 637332 0.01 3559.960 2 3560.680 637666 3565.000 3569.350 3570.015
3570.000 637998 -0.01 3569.960 2 3570.680 638333 3575.000 3579.350 3580.015
3580.000 638664 0 3579.960 2 3580.680 639000 3585.000 3589.350 3590.015
3590.000 639332 0.01 3589.960 2 3590.680 639666 3595.000 3599.350 3600.015
3600.000 639998 -0.01 3599.960 2 3600.680 640333 3605.000 3609.350 3610.015
3610.000 640664 0 3609.960 2 3610.680 641000 3615.000 3619.350 3620.015
3620.000 641332 0.01 3619.960 2 3620.680 641666 3625.000 3629.350 3630.015
3630.000 641998 -0.01 3629.960 2 3630.680 642333 3635.000 3639.350 3640.015
3640.000 642664 0 3639.960 2 3640.680 643000 3645.000 3649.350 3650.015
3650.000 643332 0.01 3649.960 2 3650.680 643666 3655.000 3659.350 3660.015
3660.000 643998 -0.01 3659.960 2 3660.680 644333 3665.000 3669.350 3670.015
3670.000 644664 0 3669.960 2 3670.680 645000 3675.000 3679.350 3680.015
3680.000 645332 0.01 3679.960 2 3680.680 645666 3685.000 3689.350 3690.015
3690.000 645998 -0.01 3689.960 2 3690.680 646333 3695.000 3699.350 3700.015
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NR Channel Definition Parameters
(PointA aligned with SAS lower channel edge)
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NR Channel Definition Parameters

(PointAaligned with SAS lower channel edge)
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