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1 Background
In this follow-up to [1] we give two examples to illustrate the need for clarify the carrier resource grid mapping to the channel raster and the configuration of the UE-specific channel bandwidths.
The specification of channel raster and its mapping to a resource element to “identify the RF channel position” is identical in the 38.104 and 38.101-1/2. There is one carrier resource grid per numerology and transmission direction (DL or UL), the UE can only use the SIB1 indication of the said resource grid to locate its channel bandwidth position during initial access and when configured with a UE-specific location and bandwidth. The latter was not intended as another carrier with different size, there is only one resource grid per numerology and transmission direction (38.211).  
If the BS CHBW (38.104) is different from the UE-specific CHBW (38.101-1), one cannot require that both are always on the 100k channel raster just because UEs are conformance tested at the channel raster; the “RF-channel” in 5.4.2.2 is cell specific and is indicated to the UE by the BS. The network should be able to rely on the RRC specification for configuration in the field, the UE complaint by design off the 100k channel raster.
In the first example we consider a case in Figure 1 with a BS CHBW = 25 MHz and a 133 PRB carrier resource grid. If both the BS and UE CHBWs must be on the 100k channel raster due to UE conformance test restrictions, it 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 have to 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’.
RedCap UEs supporting 5 and 15 MHz CHBWs can be located with a corresponding BWP#0 size but only with 5 PRB granularity, solutions to m*180 = n*100. However, in practice the BWPs in the cell should also be aligned with a 6 PRB granularity for PDCCH, an additional constraint. Other UEs supporting 25 MHz are located on the 100k channel raster coinciding with the BS CHBW, these UEs can be configured with the additional BWP in Figure 1.  

The RF reference frequency (channel raster) for an “RF channel” maps to a resource element on the carrier in SIB1, configured UE specific channel bandwidths (also for RedCap) not necessarily on the channel raster.
The second example in Figure 2 illustrates the relation between the UE-specific BW locations in the UL and DL. Given that the RF channel maps to a resource element on the carrier in SIB1 that can be wider than supported UE CHBWs, the configuration of the default duplex spacing for configured UE-specific bandwidth must be specified. UE bandwidth of equal size should be at default duplex spacing for bands with fixed duplex spacing (symmetric UL and DL bands), asymmetric UE-specific bandwidths subject to the allowed variable duplex for the UL/DL bandwidth pair. Active BWPs within the configured UE-specific CHBWs do not have to be at default duplex spacing.
For RedCap UEs indicating HD-FDD capability (Rel-17), the default duplex spacing should not apply.
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Figure 2: default duplex spacing for symmetric UE-specific channel bandwidths.
Further details are given in the slide set attached to this contribution. We also answer in Annex A the questionnaire in the WF [2] and consider in Annex B the background to the alignment with the 100 kHz channel raster of LTE.
2 Proposal
We propose to

Proposal 1: from Rel-15 clarify in the specifications that

· the channel raster for the “RF channel” maps to a carrier advertised in SIB1 (cell-specific), centred on the channel raster for at least one numerology (BS and UE specifications)

· symmetric UL/DL UE-specific CHBWs are separated by the default duplex spacing if variable duplex not supported, active BWPs within these do not have to be at default duplex spacing (UE specification)

from Rel-16, add the exceptional raster point added at RAN#99 also to the UE specification consistent with the above
from Rel-17 that the default duplex spacing does not apply for HD-FDD RedCap UEs (UE specification)
Not necessarily included in RAN4-specification but assumed: UE-specific CHBW, BWP sizes and the carrier bandwidth in SIB1 can be configured according to the RRC specification 

· not all configurations are tested by RAN4/RAN5 specifications

This would give guidance in the RAN4 specification for configuration of UEs and reduce the risks of rejected RRC configurations and UE malfunction due to different interpretations of the specification. The flexibility 
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A
The questionnaire on legacy UE behaviors

Below a response to the questionnaire in [2].  Operators and network vendors can at least comment on UE behavior for IODT tests and the expected from a network implementation perspective. We assume there is only one carrier resource grid per cell and numerology as advertised in SIB1, and that no UE specific bandwidths or BWP can be configured outside the carrier resource grid for the respective numerology.

We also assume that carrier resource grid can be configured as specified in 38.331, i.e., not constrained to maximum bandwidth configurations of UE channel bandwidths.

Responses to the table for future releases are not provided, but do not preclude changes beyond Rel-17. These should be associated with additional capability indication.
<Way forward>:

Companies who can comment on the legacy UE implementations (in particular UE vendors) are encouraged to fill in the following questionnaire and to submit it to RAN4#106. Please replace “Company A” with your company name and make below in this column, if you have a view on the topic, a cross (‘X’) in each of the sections 1 to 5 or fill in the respective row “something else”. The purpose is to combine the received input in a table with specification-based, unambiguous wording.

Table 1 Questionnaire on legacy UE behaviors

	For legacy UEs, what must be (centered) on the channel raster (in the case of a carrierBandwidth or a transmission bandwidth in the sense of TS 38.101-1 table 5.4.2.2-1)?
	Ericsson
	Company B

	1.  Idle mode (scs-SpecificCarrierList in SIB1)
	
	

	1.1 Nothing (if sync raster related restrictions are considered)
	
	

	1.2 The channel BW in the sense of TS 38.101-1 figure 5.3.3-3 resulting from the scs-SpecificCarrierList [1]
	
	

	1.3 The carrierBandwidth* for at least one numerology if it is a maximum transmission BW configuration (in the sense of TS 38.101-1 subclause 5.3.2) that the UE supports [2]

* The carrierBandwidth in SCS-SpecificCarrier and its position (offsetToCarrier, see TS 38.331) correspond to the resource grid (see TS 38.211).
	X

	

	1.4 The carrierBandwidth for at least one numerology irrespective of whether it is a supported maximum transmission BW configuration [3]
	
	

	1.5 As 1.3, but for the numerology containing the SSB
	
	

	1.6 As 1.4, but for the numerology containing the SSB
	
	

	1.7 The combination of all numerologies' transmission BWs [4]
	
	

	1.8 The channel BW in the sense of TS 38.101-1 figure 5.3.3-2 or 5.3.3‑3 that the UE chooses based on
- the scs-SpecificCarrierList and
- the initial BWP
[5]
	
	

	1.9 Something else:
	
	

	2.  Connected mode without UE specific channel BW
	
	

	2.1 Nothing (if sync raster related restrictions are considered)
	
	

	2.2 The channel BW in the sense of TS 38.101-1 figure 5.3.3-3 resulting from the scs-SpecificCarrierList
	
	

	2.3 The carrierBandwidth for at least one numerology if it is a maximum transmission BW configuration (in the sense of TS 38.101-1 subclause 5.3.2) that the UE supports
	X
	

	2.4 The carrierBandwidth for at least one numerology irrespective of whether it is a supported maximum transmission BW configuration
	
	

	2.5 As 2.3, but for the numerology containing the active BWP
	
	

	2.6 As 2.4, but for the numerology containing the active BWP
	
	

	2.7 The combination of all numerologies' transmission BWs
	
	

	2.8 The channel BW in the sense of TS 38.101-1 figure 5.3.3-2 or 5.3.3‑3 that the UE chooses based on
- the scs-SpecificCarrierList and
- the active BWP
	
	

	2.9 Something else:
	
	

	3.  Connected mode with UE specific channel BW (carrierBandwidth and transmission BW in this section of the table refer to the signaling in downlinkChannelBW-PerSCS-List, uplinkChannelBW-PerSCS-List)
	
	

	3.1 Nothing (if sync raster related restrictions are considered)
	X (according to RRC)
	

	3.2 The channel BW in the sense of TS 38.101-1 figure 5.3.3-3 resulting from
downlinkChannelBW-PerSCS-List, uplinkChannelBW-PerSCS-List
	
	

	3.3 The carrierBandwidth for at least one numerology
	
	

	3.4 The carrierBandwidth for the numerology containing the active BWP
	
	

	3.5 The combination of all numerologies' transmission BWs
	
	

	3.6 The UE's channel filter position where the minimum guard band (according to TS 38.101-1 table 5.3.3-1) on either side of the transmission BW must be fulfilled
	
	

	3.7 The UE's channel filter position with NR's usual subcarrier asymmetry, i.e. the guard band at the upper edge of the UE's channel filter must be 1 SCS wider than the guard band at the lower edge
	
	

	3.8 Something else:
	
	

	If you think that some UE specific channel bandwidth must be centered on the 100 kHz channel raster in corresponding bands, what do you expect to happen if the network ignores this need?
	
	

	4.1 The UE crashes.
	
	

	4.2 The UE rejects the UE specific channel BW configuration.
	
	

	4.3 The UE accepts the UE specific channel BW configuration but operates incorrectly.
	
	

	4.4 The UE configures its RF on the closest position to the 100 kHz raster. If there is not enough guard band on one side or the other, performance or emissions requirements may not be met.
	
	

	4.5 The UE is assumed to correctly configure the RF based on the UE specific channel BW, so emissions and performance are probably met, but not tested.
	X

(met by design)
	

	4.6 Something else:
	
	

	When do legacy UEs need or not need the signaling of a UE specific channel BW for operating in connected mode?
	
	

	5.1 Not needed if the UE supports a max. transmission BW configuration (for the frequency band in question) that is at least as wide as the active BWP and at most as wide as the carrierBandwidth in SIB1 for the active BWP's numerology
	
	

	5.2 Not needed if the UE supports a max. transmission BW configuration (for the frequency band in question) that is at least as wide as the active BWP and at most as wide as the combined transmission bandwidth from scs-SpecificCarrierList in SIB1
	
	

	5.3 Not needed if 

· the UE supports a max. transmission BW configuration (in the frequency band in question) that is at least as wide as the initial BWP and at most as wide as the carrierBandwidth in SIB1 for the active BWP's numerology and

· the network does not command any other BWP than the initial BWP
	X
	

	5.4 Not needed if 

· the UE supports a max. transmission BW configuration (in the frequency band in question) that is at least as wide as the initial BWP and at most as wide as the combined transmission bandwidth from scs-SpecificCarrierList in SIB1 and

· the network does not command any other BWP than the initial BWP
	
	

	5.5 Needed whenever the carrierBandwidth in SIB1 is not a max. transmission BW configuration that the UE supports  (in the frequency band in question)
	X
	

	5.6 Always needed
	
	

	5.7 Something else:
	
	


[1] Example in figure 1, arrow “10 MHz channel BW”
[2] Example in figure 1, arrow “1st transmission BW (and 1st resource grid)”

[3] Example in figure 3, arrow “carrierBandwidth 30 RBs, 15 kHz SCS”

[4] Example in figure 1, arrow “combination of all transmission BWs”

[5] Example in figure 2, arrow “5 MHz channel BW of a legacy UE”
[Annex: Figures of configuration examples]
The following example of a 10 MHz wide NR channel with two numerologies illustrates what can be placed on the channel raster:
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Figure 1: Example of a 10 MHz wide NR channel with two SCSs statically separated in the frequency domain

In the following example of an irregular bandwidth of 6 MHz, legacy UEs must select a channel bandwidth of 5 MHz because they do not support a channel bandwidth of 6 MHz. Since the initial BWP is 25 RBs wide in this example, the legacy UEs will position their channel bandwidth around the initial BWP. In this special case, the UE's channel bandwidth will be on the 100 kHz raster if and only if the initial BWP is on the 100 kHz raster, see figures 2 and 3. Since the UE's channel bandwidth of 25 RBs is odd and the SIB1 carrierBandwidth of 30 RBs is even, only one of them can be on the 100 kHz raster:
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Figure 2: The initial BWP and the UE's 5 MHz channel bandwidth but not the 30 RB SIB1 carrierBandwidth are on the 100 kHz raster.
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Figure 3: The 30 RB SIB1 carrierBandwidth but not the UE's 5 MHz channel bandwidth is on the 100 kHz raster.
B
Why a 100k channel raster for bands below 2.7 GHz?

In our understanding the 100k raster was introduced for LTE coexistence. Example: for a 20 MHz block 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. This is probably a more common case than the configuration examples of the way forward (while recognizing that these are indeed good examples for exercising existing signaling). 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.

DSS could be supported in the mixed numerology configuration example in Figure 1 of Annex A, at least from configuration perspective. Then the 1st DL resource grid must be centered on the 100k channel raster such that the corresponding UL resource grid for 15k SCS can be located at the 100k channel raster at default duplex spacing for the 5 MHz CHBW and with a 7.5 kHz shift to align the LTE and NR SC in the UL.   
The 7.5kHz 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 no matter if this contains any UL UE dedicated CHBW for NR. 

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). The 30k SCS carrier grids are not shifted.
