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1 Background
To address the issue of location of the channel bandwidth on the (100k) channel raster entries in some NR bands raised during the study item FS_NR_eff_BW_util, RAN#99 agreed a work item [1] on channel raster enhancements with the following objectives
1. Specify necessary changes to the UE channel raster such that configuring a narrower UE channel BW inside a wider gNB channel BW is always possible [RAN4].

2. Changes to BS channel raster can be considered if required [RAN4].

3. Specify the corresponding UE capability, if needed, to enable changes to the channel raster [RAN2, RAN4]:

· RAN4 is to identify the release of the specifications 38.101-1 and 38.104 and the possibility of early implementation. If corresponding capability signalling is provided for early implementation and such early implementation is possible, the change is to be release independent from the identified release.

NOTE: Changes to channel raster need to be compliant with the definition of global channel raster in RAN4 specification.

The main issue to be addressed by this WI is the location of the channel bandwidth on the (100k) channel raster entries in some NR bands.
The issue is illustrated by the example in Figure 1; a RedCap UE is to be located within a (cell-specific) BS CHBW = 25 MHz and a carrier resource grid of 133 PRB. If both the BS and UE CHBWs must be on the 100k channel raster due to UE implementation or conformance test restrictions, it is impossible to locate RedCap UEs of 10 MHz (52 PRB) or 20 MHz CHBWs (106 PRB) spanning the initial BWP anywhere within the carrier. Bandwidths cannot both be separated by 100k and PRB aligned: m*180 + 90 = n*100 has no solution for any integers; it is impossible to locate a UE channel bandwidth with an odd/even-sized maximum transmission bandwidth configuration within a wider carrier resource grid with an even/odd-sized carrierBandwidth (SIB1), both must be either odd or even. UEs only supporting 10 or 20 MHz would not even attach if not capable of locating the CHBW off the channel raster.
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Figure 1: a 20 MHz RedCap UE within a 25 MHz BS bandwidth, the ‘cell bandwidth’.

Changing the BS raster entry would not help, then UEs supporting the 25 MHz channel bandwidth would be off the 100k raster. If a UE-specific channel bandwidth can be allocated according to the RRC specification, there would be no issue.
2 Changing the BS and UE channel raster?
Should the channel raster be changed?

The UE-specific CHBW was introduced in [2] for making sure that the UE can meet regulatory requirements, an essential correction indeed. We observe that

Observation 1: the UE-specific CHBW can be located with PRB granularity within a cell-specific BS CHBW according to the RRC specification

just like BWPs.

Later, the intent of the UE-specific CHBW was further clarified in [3]. During the study item some vendors claimed that the UE minimum requirements can only be ensured if the UE is configured according to RAN4 test cases in the UE specifications. While this significantly restricts possible configurations in the field, we also observe that
Observation 2: compliance with regulatory unwanted emission limits for the UE is not the liability of the network, the UE meet these for any possible configuration of the UE CHBW location. Not all configurations are covered by 3GPP conformance specification but must be met by design.
Notwithstanding, a requirement that any possible location of the UE-specific CHBW as configured by ServingCellConfig in the 38.331 should correspond to a channel raster entry would mean that a UE-specific CHBW could be located (start or center frequency) at
m*100 (raster entry) + n*90 kHz

subject to a carrier resource grid centred on any 100k channel raster entry, with n odd if the maximum transmission bandwidth configuration of the UE CHBW is odd/even and that of the carrier bandwidth in SIB1 is even/odd and n even if the maximum transmission bandwidth configuration of the UE CHBW is even/odd and that of the carrier bandwidth in SIB1 is even/odd. This implies that the channel raster granularity must be 10 kHz to cover any raster point.
The channel raster is – or should be – common for the BS and UE. The tripling of the GGSN and the kSSB were introduced to allow the resource grid to be centred on a 100k channel raster entry in operator blocks ≥ 5 MHz:
 
(N*1200 + M*50) + k*15 = m*100 kHz
as illustrated in Figure 1, the first two terms on the left-hand side the SSB centre frequency SSREF and the right-hand side is the channel raster entry (denoted ‘carrier frequency’ below). The SSB is SC-aligned with the resource grid by the kSSB, which cannot be achieved for any 10 kHz deviation from the 100k raster entry.
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Figure 1: the location of the SSB w r t a 100k raster entry.
Now, for a BS carrier frequency located off the 100k raster in an additional raster entry such that a UE-specific CHBW can be located at the 100k raster, then the carrier frequency on the right-hand side above should be replaced by n*100 + j*90 kHz, the last term the separation between the centre of the UE-specific CHBW at the 100k  raster and the centre of the resource grid. While this would allow SSB location, a BS carrier frequency off the 100k grid may violate the guard-band requirements for the BS CHBW in an operator block of a regular CHBW (the problem addressed for 40 MHz in band n28 is related but the shift was possible since only a one-sided problem). Moreover, this would not resolve the case illustrated by the example in Figure 1. We observe that
Observation 3: a requirement that any possible location of the UE-specific CHBW configurable by ServingCellconfig in the 38.331 should correspond to a channel raster entry implies a raster granularity of 10 kHz for operating bands below 2.7 GHz. This would be significant change also to the conformance test specifications. Furthermore, while a BS CHBW can be centred on any NR-ARFCN, a BS raster entry off the 100k grid may violate the minimum guard-band requirements for the BS/UE CHBW in an operator block of a regular CHBW.
We note that the UE conformance tests in 38.521-1 are carried out with

1. the carrier bandwidth in SIB1 equal to the maximum transmission bandwidth configuration of the UE CHBW under test for all numerologies

2. the carrier bandwidth in SIB1 centred on the 100k channel raster for all numerologies

3. the BWP#0 equal to the carrier bandwidth in SIB1
4. no UE-specific CHBE configured (not needed since only one bandwidth possible at initial attach).

hence UE CHBWs are conformance tested only for a subset of possible network (test system) configurations.
The channel raster should not be modified, but UE-specific CHBWs should be configurable off the 100k channel raster for capable UEs.
3 Why a 100k channel raster for migrated bands below 2.7 GHz?

In our understanding the 100k channel raster for NR was introduced for LTE coexistence. Example: in an operator allocation intended for DSS or EN-DC with sharing and SCS = 15k only, odd or even PRBs of the LTE carrier, the NR carrier resource grid centered on the 100k channel raster, the LTE and NR carriers can always be configured such that their corresponding internal GBs are met within the block. Both the LTE and NR carrier grids centered in the 100k raster point, LTE never PRB aligned with NR because of the DC carrier SC, the GSCN/CORESET#0 within the NR grid. Moreover, in general, other regular BS NR bandwidths can be mixed with LTE bandwidths in operator blocks with 5 MHz granularity with internal GBs met.

Support of DSS was also the reason why n41 with its SCS-based raster got a sibling in n90 with a 100k channel raster.

The 7.5kHz UL shift modifies the channel raster only for the 15k transmissions such that these maps to the LTE SC that are centered at the 100k center point (at the LTE raster). Remark that frequencyShift7p5khz is cell-specific and shifts the entire 15k resource grid as indicated in SIB1 and any UL UE dedicated CHBW for SCS = 15k if configured. 

FrequencyInfoUL-SIB ::=                 SEQUENCE {

    frequencyBandList                   MultiFrequencyBandListNR-SIB                            OPTIONAL,   -- Cond FDD-OrSUL

    absoluteFrequencyPointA             ARFCN-ValueNR                                           OPTIONAL,   -- Cond FDD-OrSUL

    scs-SpecificCarrierList             SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier,

    p-Max                               P-Max                                                   OPTIONAL,   -- Need S

    frequencyShift7p5khz                ENUMERATED {true}                                       OPTIONAL,   -- Cond FDD-TDD-OrSUL-Optional

    ...

}

From 38.101-1 we have

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

where Δshift is signalled by the network in higher layer parameter frequencyShift7p5khz [7]. For Band n34, n38, n39, n40, n48 FREF, shift is only applicable to uplink transmissions using a 15 kHz SCS. The whole grid is shifted.
which means that the UL carrier resource grid for 15k SCS is shifted by 7.5 kHz from the reference frequencies (the channel raster with DSS). 30k SCS carrier resource grids, if configured, are not shifted.

Observation 4: the 100k channel raster for NR was introduced for LTE coexistence. The LTE and NR carriers can always be configured such that their corresponding internal guard bands (GBs) are met, and regular BS NR bandwidths can be mixed with LTE bandwidths in operator blocks with 5 MHz granularity with internal GBs met.
4 Configuration of the UE-specific CHBW off the 100k channel raster
Unlike for LTE for which the SSB is on the 100k channel raster centred within the channel bandwidth and the EARFCN of a corresponding to a 100 kHz, the NR was designed with a sparser SS and an SSB that be located anywhere within the carrier bandwidth not known to the UE during decoding of the SSB (PBCH).
The SSB arrangement for NR means that the UE is not aware of the center frequency of the carrier grid or the BS carrier frequency at initial access. The center frequency of SSB at SSREF (GSCN) is never on the 100 kHz channel raster:
Table 5.4.3.1-1: GSCN parameters for the global frequency raster
	Frequency range
	SS Block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz,

N=1:2499, M ϵ {1,3,5} (Note 1)
	3N + (M-3)/2
	2 – 7498

	3000 – 24250 MHz
	3000 MHz + N * 1.44 MHz

N = 0:14756
	7499 + N
	7499 – 22255

	NOTE 1:
The default value for operating bands with which only support SCS spaced channel raster(s) is M=3.


Handling of the difference between the BS and UE centre frequencies is facilitated by making a phase compensation during the up-conversion of the transmitted signal as specified in clause 5.4 of the 38.211,
5.4
Modulation and upconversion

Modulation and upconversion to the carrier frequency 
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 of the complex-valued OFDM baseband signal for antenna port 
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, subcarrier spacing configuration 
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, and OFDM symbol 
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 in a subframe assumed to start at 
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with a phase compesation (reset) at the beginning of each symbol. An interesting exposition of this can be found in [4]. 
In addition to the SS, the CORESET#0 received is PRB aligned with the carrier grid, and the DL and UL BWP#0 need not be centred on the channel raster. Hence a UE capable of carrying out the initial access procedure has been able to transmit and receive on the respective BWP#0 located with PRB granularity no matter the location and size of UE CHBW selected by the UE before an RRC connection has been established. For UEs passing the initial access, location of a channel bandwidth with PRB granularity therefore appears feasible (baseband) no matter carrier frequencies and the centre of the carrier grid – the channel raster entry. 
Observation 5: unlike for LTE, NR was designed with a sparser SS and an SSB that be located anywhere within the carrier bandwidth and location not known by the UE during decoding of the SSB (PBCH). In addition to the SS, the CORESET#0 received is PRB aligned with the carrier grid, and the DL and UL BWP#0 need not be centred on the channel raster. For UEs passing the initial access, location of a UE CHBW with PRB granularity therefore appears feasible no matter carrier frequencies and the centre of the carrier grid (and the channel raster).
UE malfunction during initial access with BWP#0 off the channel raster would of course be a serious problem and would restrict BWP#0 location. 
5 Necessary specification changes and need for a capability

If indeed an issue with locating the UE CHBW according to RRC due to UE implementation or reuse of the LTE frequency plan, a UE capability indicating the capability of locating the UE-specific CHBW within a wider cell-specific bandwidth without restrictions should be introduced rather than adding new channel raster entries. 
If the BS CHBW (38.104) is different from the UE-specific CHBW (38.101-1), one cannot require that both are always centered on the 100k channel raster just because UE CHBWs are conformance tested at the channel raster; the RAN4 specifications do not override the RRC specification. The “RF-channel” in clause 5.4.2.2 in both the BS and UE specifications is cell specific and is indicated to the UE by the BS. To this end it should be made clear that the “RF channel” is mapped to the channel raster at the centre of a supported carrier of a serving cell for at least one numerology as advertised in SIB1 and that the carrier bandwidth is a transmission bandwidth configuration (not necessarily the maximum for a channel bandwidth) as specified in clause 5.3.1:
5.4.2.2
Channel raster to resource element mapping
The mapping between the RF reference frequency on the channel raster and the frequency location of the subcarrier of the corresponding resource element of a resource grid of a carrier supported by the RF channel is given in Table 5.4.2.2-1 and can be used to identify the RF channel position. The mapping depends on the total number of RBs that are allocated in the channel and applies to both UL and DL. The mapping must apply to at least one numerology supported by the UE.

Table 5.4.2.2-1: Channel raster to resource element mapping
	
	NRBmod2 = 0
	NRBmod2 = 1

	Resource element index 
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nPRB is the PRB index, k the resource element index within the PRB and NRB = [image: image15.png]size,u
N, orid



 is the carrier bandwidth given by carrierBandwidth indicated in downlinkConfigCommon or uplinkConfigCommon or supplementaryUplink for the relevant transmission direction and a subcarrier spacing configuration [image: image19.png]


 of a numerology as specified in [6] and [7]. The carrier bandwidth NRB is a transmission bandwidth configuration for a numerology as specified in sub-clause 5.3.1.
Given the above, the network should be able to use the RRC specification for configuring locations of the UE-specific CHBW, which can be off the channel raster. If this is not possible nonetheless due to restrictions of legacy implementations, an associated UE capability could be introduced for UEs without restriction as discussed in [5].
It is remarked that this capability would only be available after AS security activation. 
Proposal 1: do not change the BS and UE channel raster. Make clear in clause 5.4.2.2 of both the BS and UE specifications that the “RF channel” is mapped to the channel raster at the centre of a carrier grid of a serving cell for at least one numerology as advertised in SIB1. The network should be able to use the RRC specification for configuring the UE with locations of the UE-specific CHBW within a wider cell-specific bandwidth; if not possible for some legacy UE implementations that pass initial access nevertheless, a UE capability indicating capability of following the RRC without restrictions could be introduced. This meets the objectives of the work item without changing the channel raster.
Proposal 2: the changes are considered for early implementation (Rel-17 latest).
6 Proposal

Should the channel raster be changed? We observe that

Observation 1: the UE-specific CHBW can be located with PRB granularity within a cell-specific BS CHBW according to the RRC specification

Observation 2: compliance with regulatory unwanted emission limits for the UE is not the liability of the network, the UE meet these for any possible configuration of the UE CHBW location. Not all configurations are covered by 3GPP conformance specification but must be met by design.

Observation 3: a requirement that any possible location of the UE-specific CHBW configurable by ServingCellconfig in the 38.331 should correspond to a channel raster entry implies a raster granularity of 10 kHz for operating bands below 2.7 GHz. This would be significant change also to the conformance test specifications. Furthermore, while a BS CHBW can be centred on any NR-ARFCN, a BS raster entry off the 100k grid may violate the minimum guard-band requirements for the BS/UE CHBW in an operator block of a regular CHBW.

Observation 4: the 100k channel raster for NR was introduced for LTE coexistence. The LTE and NR carriers can always be configured such that their corresponding internal guard bands (GBs) are met, and regular BS NR bandwidths can be mixed with LTE bandwidths in operator blocks with 5 MHz granularity with internal GBs met.
Observation 5: unlike for LTE, NR was designed with a sparser SS and an SSB that be located anywhere within the carrier bandwidth and location not known by the UE during decoding of the SSB (PBCH). In addition to the SS, the CORESET#0 received is PRB aligned with the carrier grid, and the DL and UL BWP#0 need not be centred on the channel raster. For UEs passing the initial access, location of a UE CHBW with PRB granularity therefore appears feasible no matter carrier frequencies and the centre of the carrier grid (and the channel raster).
The channel raster should therefore not be changed, but the UE-specific CHBW should be configurable off the 100k raster for capable UEs.
Proposal 1: do not change the BS and UE channel raster. Make clear in clause 5.4.2.2 of both the BS and UE specifications that the “RF channel” is mapped to the channel raster at the centre of a carrier grid of a serving cell for at least one numerology as advertised in SIB1. The network should be able to use the RRC specification for configuring the UE with locations of the UE-specific CHBW within a wider cell-specific bandwidth; if not possible for some legacy UE implementations that pass initial access nevertheless, a UE capability indicating capability of following the RRC without restrictions could be introduced. This meets the objectives of the work item without changing the channel raster.
Proposal 2: the changes are considered for early implementation (Rel-17 latest).
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