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Background

In the latest version of TR 38.817-01 [1], text describing the background for channel and sync raster is included, based on the agreements made until RAN4#86 in Athens.
This document is an update of the text in [1], where the proposals in [2] (based on the Way-Forward in [3]) are included:

· Raster shift of 70 kHz is documented [2]
· The down selection factors (step sizes) are moved to a separate table and the agreed ones in the specifications (see also [4]) are documented. 
NOTE: This table should be updated as new down selection factors are introduced, in order to make it possible to align between bands with similar properties.
Proposal

It is proposed that the attached text proposal is included in TR 38.817-01 [1].
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TEXT PROPOSAL:

4.3.1
RF channel and sync channel raster

4.3.1.1
Background

The concept of referring to a carrier frequency in UTRA and E-UTRA is based on a channel raster defining possible carrier centre frequencies and a numbering scheme that identifies the raster points. In E-UTRA there are EARFCN (E-UTRA Absolute Radio Frequency Channel Number) for all possible uplink and downlink frequencies. The numbers are mapped to the corresponding UL and DL carrier frequencies through formulas:

FDL = FDL_low + 0.1(NDL – NOffs-DL)

FUL = FUL_low + 0.1(NUL – NOffs-UL)

The possible EARFCN ranges for each E-UTRA operating band are tabulated together with the parameters for the formula. The resulting RF channel raster identifies all possible RF carrier centre frequencies, which are the same as the potential frequencies that a UE must scan when performing initial access.

The concept has many differences in NR compared to UTRA and E-UTRA, giving a higher complexity. The main difference is that there is a need for two channel rasters for NR:

-
RF channel raster: Identifies the set of possible frequency locations of the full RF carrier transmitted by the base station.

-
Synchronization channel raster: Identifies the set of possible frequency location of the SS Block, consisting the synchronization channels PSS/SSS and the PBCH.

The SS block is not in a fixed position within the configured bandwidth of the RF carrier, but can be placed anywhere on the RF carrier. This enables a Sync channel raster that is more “sparse” than the RF channel raster. The advantage of having a more sparse sync channel raster is a reduced search time for the initial access. It relies on the SS block bandwidth being smaller than full channel BW of the RF carrier transmitted from the BS and that it is not in a fixed position within the configured bandwidth. It is the width of the PBCH being 288 subcarriers (24 RBs) that will define the flexibility of how to place the sync channel. The SS block will use a predetermined SCS and minimum channel BW in each operating band.

The relation between the RF channel raster and sync channel raster is demonstrated with an example in Figure 4.3.1.1-1. In the example, two carrier positions 1 and 2 are shown leading to two different placements of the PBCH. The PBCH (and SS) can be placed on a raster that is more sparse than the RF carrier raster and those sync channel raster positions are called FSC,i. Position 1 is the highest (rightmost) position of BWConfi on the RF channel raster where the PBCH can be related to the sync channel position FSC,1, thus the PBCH occurs as far left as possible on the carrier. Position 2 is the next position on the RF channel raster, thus shifted by ΔFCH,Raster from Position 1. The sync channel raster spacing ΔFSC,Raster will be limited by the following equation:


ΔFSC,Raster ≤ BWConfig – BWPBCH + ΔFCH,Raster
(4.3.1.1-1)

where BWConfig (Tx BW configuration) is the width of the transmitted Resource Blocks, BWPBCH is the width of the PBCH and ΔFCH,Raster is the channel raster spacing. 

Figure 4.3.1.1-1: Possible shifts for the PBCH as the transmitted carrier is shifted 
on the RF carrier raster.

4.3.1.2
Overall raster concept

The RF channel raster and sync channel raster need to be defined in relation to one or more of the following parameters:

-
Spectrum blocks: These are the spectrum block allocations where the RF carriers will be placed. It is essential that the Channel BW is fully contained within an allocated block defined and/or permitted by a regulator, not risking “Channel BW spill-over”. The regulation varies across regions and often sets limits on emissions outside the block assigned to an operator. The 200 kHz/100 kHz rasters used for UTRA and E-UTRA are fundamentally adapted to spectrum blocks.

-
Subcarrier spacing (SCS): The RF channel consists of subcarriers and the subcarrier spacing becomes important for carrier aggregation and when forming wider channel bandwidths, since the RF channel spacing needs to be a multiple of SCS to keep orthogonality.

-
Physical resource blocks (RB): The RF carrier is an integer number of RBs and the physical channels are defined based on RBs in the frequency domain.  

The definition of the channel raster will be limited by a number of aspects, also considering the relation between the RF channel and Sync channel raster defined in Equation (4.3.1.1-1). The following aspects are considered:

-
The relation to the E-UTRA 100 kHz raster for LTE re-farming bands.

-
How to manage the asymmetric guard band if the RF carrier cannot placed in the centre of a spectrum block.

-
In case of asymmetric guard band, a minimum guard band needs to be defined for different RF Channel bandwidths and SCS

-
The achievable spectral utilization may be affected, if the guard band is not sufficient and an edge RB cannot be transmitted (“blanking”)

-
How to achieve CA operation and Wideband operation with forward compatibility for addition of new channel bandwidths. This should preferably be achieved with zero guard band between carriers.

-
The achievable synchronisation raster granularity may be affected by the choice of raster scheme.

NR Bands should have the same RF channel raster for both UL and DL. It is noted however that the channel raster for UL sharing band can be decoupled from the NR DL band raster (e.g. UL sharing band can be on 100kHz raster while the NR DL band can use 100kHz raster or RB based raster)

4.3.1.3
RF Channel raster
NR Bands should have the same raster for both UL and DL (for both UL and DL 100kHz or RB based raster is used). Channel raster could also be different for different bands and only a single raster should be defined per band.

The following raster granularity is agreed:

-
Channel raster for LTE re-farming bands up to 2.4GHz (frequency range below Band 41) is based on 100kHz(same as LTE)

-
Potential optimization for of the placement of secondary carrier including RB-alignment between primary and secondary carrier is ffs
-
Channel raster for Bands above 2.6GHz (above and including Band 41) is tentatively agreed to be a subcarrier based raster (i.e 15kHz for range 1 and 60kHz for range 2), pending further check at AN4 NR AH#3 and RAN1 decision
-
Band n85 (SUL band covering the same frequency range as n41) will use the channel raster defined for SUL bands which is ffs.

“Floating sync” enables SCS based raster and down selection of the sync raster for bands using 100kHz raster as described in subclause 4.3.1.4.
For the 100 kHz based raster:

-
Raster entries are given by the following equation for each band

-
Lower band edge(MHz)+ N*0.1MHz, N chosen such that last entry is at Upper band

-
Raster to subcarrier position mapping

-
Raster points to the center of the channel 

-
SC#0 of RB# NRB/2 for even number of RBs

-
SC#6 of RB# floor(NRB/2) for odd number of RBs
For the SCS-based raster:

-
Raster will be based on absolute frequency values

-
The raster positions will be integer multiples of 15kHz for sub6 bands

-
The raster positions will be integer multiples of 60kHz for mmWave range bands

-
Raster entries are indexed from 0kHz

-
Raster to subcarrier position mapping

-
Raster points to the center of the channel 

-
SC#0 of RB# NRB/2 for even number of RBs

-
SC#6 of RB# floor(NRB/2) for odd number of RBs
NR-ARFCN defines the absolute radio frequency of the channel raster points and is globally defined; The frequency band and duplex (uplink or downlink) are not distinguished by the NR-ARFCN. It is for RAN2 to decide how to signal the frequency of Pcell, Scell, SUL, and/or the reference frequency for PRB grid, etc, using NR-ARFCN or other means.NR-ARFCN for FR1 are defined as one global set from 0 Hz to 24 GHz:

-
An integer multiple of 5kHz from 0 to 3GHz

-
An integer multiple of 15kHz from 3 to 24GHz
NR-ARFCN for FR2 are defined as one global set from 24 GHz to 100 GHz

-
An integer multiple of 60kHz

NR-ARFCN range for each frequency band is tabulated in RAN4 specs. The corresponding signalling is for RAN2 to design.
4.3.1.4
Synchronization Channel raster

Sync raster is defined such that there is a minimum number of entries for each band. Sync raster entries will be included in the specifications for each band. Sync raster entries will be defined for initial system acquisition, sync blocks can be transmitted in other frequency locations if the position is signalled to the UE
The sync block is not RB aligned with the data RBs in the channel as shown in Figure 4.3.1.4-1. Instead, there is an arbitrary offset between the edge of the sync block RBs and the edge of the data RBs in the channel, this offset can be up to 11 REs. This enables multiple channels that are subcarrier grid aligned but not RB grid aligned to use the same sync block location. Different channels that are offset by up to 11 REs in frequency can re-use the same sync block frequency location.


[image: image1]
Figure 4.3.1.4-1: Alignment between SS block and channel RBs.

Subcarrier mapping:

-
Sync raster will indicate the position of RE=#0(subcarrier #0) of RB#10 of the SS block.

SS Raster Definition for the 0 – 2.7 GHz range:

-
SS Raster is defined as
-
Raster entry = N * 900 kHz + M * [70 kHz], N=1:3000, M=-1:1

-
Raster entry numbering in this range is in increasing order of frequency (first entry=830 kHz, entry #2=900 kHz, entry #3=970 kHz, entry#4=1730 kHz…)

-
Total number of entries 8999
-
Raster applies to bands with 100 kHz channel raster and 15 kHz channel raster with 5 MHz minimum bandwidth (bands might be defined in the future) in this frequency range


SS Raster Definition for the 2.4 - 24.25 GHz range:

-
SS Raster is defined as:

-
Raster entry = 2400 MHz + N * 1.44 MHz, N= 0:15173

-
Raster entry numbering is in increasing order of frequency, starting at 9000
-
Total number of entries 15174

-
Raster applies to bands with 15 kHz channel raster and 10 MHz minimum bandwidth (n41, n77,n78, n79, etc) in this frequency range



SS Raster Definition for the 24.25-100GHz range
· SS Raster is defined as:

-
Raster entry = 24250.08 MHz + N * 17.28 MHz, N= 0:4383

-
Raster entry numbering is in increasing order of frequency

-
Total number of entries 4384

-
Raster applies to bands with 60 kHz channel raster in this frequency range


4.3.1.5
Calculations of sync raster GSCN per operating band
For each operating band, the GSCN that can be used in the band are tabulated in clause 5.4.3.3 of TS 38.104, TS 38.101‑1 and 38.0101‑2. Selection of GSCN for Table(s) is done the following way:

-
Include GSCN that correspond to SS block that completely fit within the channel bandwidth, accounting for guard bands needed.
-
Guard bands are calculated based on the minimum channel BW, the SCS for the SS block and the corresponding NRB (spectrum utilization), assuming that the RF reference frequency is at the centre of a block

-
For GSCN ranges with step size <N>, the GSCN numbers selected should be multiples of N (this ensures that overlapping bands will have the same GSCN sequences)
For specific combinations of minimum channel bandwidth and SS block SCS, the GSCN ranges are down-selected using a step size <N>, as shown in Table 4.3.1.5-1.
Table 4.3.1.5-1: Down selection factors (step size).
	Frequency range
	Minimum channel bandwidth
	SS block SCS
	Down selection factor (step size) 

	0 – 2.7 GHz
	10 MHz
	15 kHz
	[TBD]

	2.4 - 24.25 GHz
	10 MHz
	15 kHz
	<3>

	2.4 - 24.25 GHz
	40 MHz
	30 kHz
	<16>

	24.25 – 100 GHz
	100 MHz
	240 kHz
	<2>
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