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Background
Channel arrangements and raster were discussed in previous RAN4 meetings with multiple inputs and proposals made. A first way-forward was agreed at RAN4 in Hangzhou [1] and a second one was agreed at RAN4 in Qingdao [2] laying down how to analyze and compare the different proposals. Based on the further discussions at RAN4 in Berlin, another Way Forward was agreed [3], focusing on a subcarrier-based RF channel raster and its implications:

Further proposals were presented at the RAN4 NR AH in Qingdao and a Way-Forward focusing on two possible solutions was agreed [2].
Further discussion and text proposal
The attached text proposal is presentation of the background for the channel raster discussions in subclause 4.x.1 and it also documenting some metrics used in the development of the raster concept in 4.x.2. Some background material is taken from [4] and [5].
In addition to the already agreed point, the Way-Forward also makes additional proposals for the specifics of the Channel raster and Sync channel raster concepts in subclauses 4.x.3 and 4.x.4. The already agreed items from [1] to [3] are documented in those subclause together with the new proposals, which marked yellow in the TP. New proposals include the following:

PROPOSAL 1: The RF channel raster is defined as a universal subcarrier raster for each frequency range (FR1 and FR2), with all raster points numbered (called GARFN).
OBSERVATION 1: For each operating band, the lowest and highest possible raster points could be tabulated (for information). 

PROPOSAL 2: The RF channel raster frequency would map to the first subcarrier on the first RB transmitted. It would together with the RF BW configuration for the carrier define the full span of the carrier.
PROPOSAL 3: The sync raster points are each identified with a 5G Absolute Synchronization Channel Number GASCN.

PROPOSAL 4: A range of GASCN is tabulated for each operating band, similar to the way used for LTE channel raster.

PROPOSAL 5: The Synchronization channel raster frequency would map to the center frequency of the PSS/SSS.
Proposal

It is proposed that the attached text proposal is included in TR 38.xxx (“General aspects for UE RF for NR”) [6].
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TEXT PROPOSAL:
4.x
RF channel and sync channel raster

4.x.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.x.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.x.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. 
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Figure 4.x.1-1: Possible shifts for the PBCH as the transmitted carrier is shifted 
on the RF carrier raster.
4.x.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.x.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)
In general, the RF channel raster and Synchronization channel raster can be different for different bands, but only a single raster is defined per band.

4.x.3
RF Channel raster

The RF channel raster will in general be chosen as follows:

-
Channel raster for LTE re-farming bands up to 2.4GHz (frequency range below Band 41) is based on 100 kHz (same as LTE)
Editor’s note: Potential optimization for the placement of secondary carrier including RB-alignment between primary and secondary carrier is ffs.
-
Channel raster for Bands above 2.6GHz (above Band 41) is a subcarrier based raster (i.e. 15kHz for FR1 and 60kHz for FR2), 
Editor’s note: This is pending further check at RAN4 NR AH#3 and RAN1 decision.
-
For Band 41, a [100kHz channel raster or subcarrier based raster] should be used. 

The choice of a SCS based raster relies on the SS block not being RB aligned with the rest of the RF channel. This also enables a possible down selection of the sync raster for bands using 100kHz raster
The subcarrier based raster will require a raster definition in the 3GPP specifications. For the UE specifications, it will be necessary to know the placement of the subcarrier based RF channel raster, but the actual RF channel position does not have to be signalled to the UE.

For the BS, there is a need to have a numbering scheme for the RF channel positions, to be used when the RF carriers of the BS are configured. The numbering scheme can in principle be similar to the one used for LTE, but there will be a lot more numbers, because of the SCS based raster. Since the channel number does not have to be signalled to the UE, the scheme can be of a more pragmatic design:

-
The RF channel raster points are each identified with a 5G Absolute Radio Frequency Number (GARFN)

-
A universal subcarrier raster is defined for each frequency range, with all raster points numbered.

-
FR1 has a span of ~6 GHz and would need ~400.000 raster points at 15 kHz spacing.

-
FR2 has a span of ~28 GHz and would need ~470.000 raster points at 60 kHz spacing

-
For each operating band, the lowest and highest possible raster points could be tabulated (for information)

-
The RF channel raster frequency would map to the first subcarrier on the first RB transmitted. It would together with the RF BW configuration for the carrier define the full span of the carrier.
4.x.3
Synchronization Channel raster

For each operating band, a set of synchronization raster points will be defined, forming a sync channel raster:

-
Sync raster will be 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. Additional sync blocks can be transmitted in other frequency locations if the position is signalled to the UE
The synchronization channel position may be signalled to the UE and is needed also for BS configuration. The numbering scheme can be similar to the LTE channel numbering scheme, but will have much fewer raster points. This will of course vary between bands, where bands below 2.4 GHz would get a fairly dense raster, while much more sparse raster can be defined for bands in higher frequencies.

-
The sync raster points are each identified with a 5G Absolute Synchronization Channel Number GASCN.

-
A range of GASCN is tabulated for each operating band, similar to the way used for the LTE channel raster.

-
The Synchronization channel raster frequency would map to the centre frequency of the PSS/SSS.
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