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1  Introduction
RAN#96 encouraged RAN4 to focus the discussion about this SI in August 2022 on SIB1 signalling issues. 
RAN#97e agreed to continue to sort out all open issues before completing the study of all proposed solutions [1][2] and SI completion is postponed to March 2023 [3]. RAN4#104-e-bis made the agreement below (in green) [4]. There were also suggestions to clarify legacy UE behaviours by T-Mobile and to restrict the scope for legacy releases by the RAN4 chair.
Agreement:
· At least for Rel-18, it is possible to consider further enhancements that the UE specific channel bandwidth and BWPs of FR1 low-frequency bands can be on non-100kHz raster.

To issues 1-2-1, 1-2-2, 1-2-3:
T-Mobile USA: 1. The UE crashes if the BWP/UE-specific channel BW is not on centered on the 100 kHz raster 2. The UE rejects the BWP/UE-specific channel BW configuration because it is not on the 100 kHz raster 3. The UE accepts the BWP/UE-specific channel BW configuration but operates incorrectly because the UE-specific channel BW is not on the 100 kHz raster 4. If the BWP/UE-specific channel BW is not on the 100 kHz raster, the UE configures its RF on the on the closest position on the 100 kHz raster, so there is not enough guardband on one side or the other, so performance or emissions requirments may not be met. 5. The UE correctly configures the RF based on the BWPs and UE-specific channel BW even though it is not centered on the 100 kHz raster, so emissions and performance are met, although not tested.
Chair: In Rel-15/16/17, consider restrict the scenarios to one or two specific bands and address the issues. In Rel-18, RAN4 can discuss the general solutions.

We believe a comprehensive clarification of the limitations and the behavior of legacy UEs – also in complicated carrier configurations – to be indispensable before CRs to legacy releases can be discussed.
2  Discussion
2.1  Channel bandwidth and carrier bandwidth
On the last day of the previous meeting (RAN4#104-bis-e), there was a discussion in the e-mail thread about whether the term “SIB1 channel bandwidth” in issue 1-3 option 1 should better read “SIB1 carrier bandwidth”. To our understanding, there can be considerable differences between the terms “channel bandwidth” and “carrier bandwidth”, and in the context of SIB1, we believe “carrier bandwidth” to fit better.
1) The channel bandwidth in the sense of the RAN4 specification TS 38.101-1 includes the guard band whereas the carrierBandwidth in the sense of the RAN2 specification TS 38.331 is only the transmission bandwidth.
2) In the SCS-SpecificCarrierList, different carriers with individual carrier bandwidths can be defined for different SCSs, but all are inside the same channel bandwidth (see TS 38.101-1 figure 5.3.3-3).

Observation: Since, in the case of multiple numerologies, SIB1 signals rather separate transmission bandwidths named ‘carrierBandwidth’ for SCS-specific carriers than the (total) channel bandwidth including the guard bands in the sense of RAN4, “carrier bandwidth” is closer to the signaling in SIB1 than “channel bandwidth”.

However, the term “channel bandwidth” is also used in TS 38.331, e.g. in
	downlinkChannelBW-PerSCS-List
[bookmark: _Hlk118580784]A set of UE specific channel bandwidth and location configurations for different subcarrier spacings (numerologies). Defined in relation to Point A. The UE uses the configuration provided in this field only for the purpose of channel bandwidth and location determination. If absent, UE uses the configuration indicated in scs-SpecificCarrierList in DownlinkConfigCommon / DownlinkConfigCommonSIB. Network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 [15] and TS 38.101-2 [39].


where the dedicated bandwidth signaling in connected mode is referred to as UE specific channel bandwidth. The meaning seems to be rather synonymous with carrier bandwidth because different UE specific channel bandwidths can be configured for different SCSs in the same list, i.e. for the same channel.

[bookmark: _Hlk118453294]Observation 1: In TS 38.331, the term “channel bandwidth” is rather used synonymously with “carrier bandwidth”. Because of the parameter names downlinkChannelBW-PerSCS-List and uplinkChannelBW-PerSCS-List, harmonizing the terminology is rather impossible.

Proposal 1: In RAN4, use “channel bandwidth” (including “UE's channel bandwidth” but not “UE specific channel bandwidth”) in the sense of TS 38.101-1 figure 5.3.3-3 and “carrier bandwidth” in the sense of carrierBandwidth in TS 38.331.

2.2  UE specific channel bandwidth and 100 kHz raster
R4-2216801 [5] (observation 11) addressed the question of using enhanced RedCap UEs which support only the channel bandwidth of 5 MHz in cells where an even number of PRBs is centered on the 100 kHz raster. In this case, a PRB-grid aligned UE specific channel bandwidth of 25 RBs cannot be on the 100 kHz raster, too. To not limit the use of enhanced RedCap UEs to cells with specific channel bandwidths, at the latest from Rel-18 onwards, the channel raster sections 5.4.2 in TS 38.101-1 and TS 38.104 should be clarified not to apply to the UE specific channel bandwidth.

At RAN4#104-bis-e, the following was agreed: “At least for Rel-18, it is possible to consider further enhancements that the UE specific channel bandwidth and BWPs of FR1 low-frequency bands can be on non-100kHz raster.” Since the corresponding CRs need to be mapped to a WI, we suggest using TEI18 or, if a strong motivation to fix the problem in Rel-18 is needed (see observation 11 of [5]), the WI for enhanced RedCap.

Proposal 2: To prevent an incompatibility between frequently used channel bandwidths of NR cells and enhanced RedCap UEs supporting only 5 MHz, clarify, e.g. in the framework of TEI18, in the Rel-18 versions of TS 38.101-1 and TS 38.104 that the channel raster does not apply to the location of the UE specific channel bandwidth.

2.3  Channel raster in the case of multiple numerologies
A licensed spectrum usually starts at a multiple of 100 kHz, and is a multiple of 200 kHz wide. Hence usually, also the center of a licensed spectrum is at a multiple of 100 kHz. On the one hand, because of the sentence “The mapping must apply to at least one numerology supported by the UE”, TS 38.101-1 subclause 5.4.2.2 can be understood to refer rather to one SCS-SpecificCarrier in the sense of TS 38.331 than to the channel bandwidth in the sense of TS 38.101-1 figure 5.3.3-3. On the other hand, the same paragraph also reads “The mapping depends on the total number of RBs that are allocated in the channel” which requires taking all numerologies into account.

Before agreeing on a clarification in TS 38.101-1 and TS 38.104, it is useful to find out what configurations are expected to cause legacy UEs to malfunction. Since all legacy UEs must understand a signaling of multiple numerologies in scs-SpecificCarrierList, any clarification of the channel raster sections in RAN4 specifications must also fit to multiple numerologies.

The following example of a 10 MHz wide NR channel with two numerologies illustrates what can be placed on the channel raster:


Figure 1: Example of a 10 MHz wide NR channel with two SCSs statically separated in the frequency domain

· Option 1: The 10 MHz channel BW should be centered on the channel raster.
· Option 2: The combination of all transmission BWs should be centered on the channel raster.
· Option 3: The 1st or 2nd carrierBandwidth should be centered on the channel raster.
· Option 4: The carrierBandwidth containing the SSB should be centered on the channel raster.
· Option 5: The 2nd carrierBandwidth of 12 RBs is allowed in SIB1's scs-SpecificCarrierList and as a BWP size but not as a UE specific channel bandwidth because 12 RBs at 30 kHz SCS is not a maximum transmission bandwidth configuration (11 or 24 RBs would be possible in downlinkChannelBW-PerSCS-List).

Proposal 3: Companies who believe that some bandwidth needs to be centered on the 100 kHz raster (SIB1 carrier bandwidth or UE specific channel bandwidth according to their respective preference voiced at RAN4#104-bis-e) are invited to indicate for legacy UEs
- which of the options 1-4 they assume to be viable and
- whether option 5 is true.

2.4  Channel raster in the case of an irregular BW, 15 kHz SCS
Let us consider the example of an irregular bandwidth of 6 MHz. The 2 diagrams below refer to the UL where signaling a wider carrierBandwidth than the licensed spectrum (minus guard bands) can result in too large unwanted emissions outside the licensed spectrum and hence 30 RBs is the maximum acceptable SIB1 carrierBandwidth. Since legacy UEs do not support a channel bandwidth of 6 MHz, they must select a channel bandwidth of 5 MHz. Since the initial BWP is 25 RBs wide in this example, the legacy UEs will position their channel bandwidth around the initial BWP (see also Apple's comment in [4] on issue 1-2-3 in the first round). 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.

Observation 2: If the UE does not support the SIB1 carrierBandwidth and the initial BWP has as many RBs as the transmission bandwidth of the next smaller supported regular channel bandwidth, the initial BWP must be on the 100 kHz raster if the UE's channel bandwidth shall be on the channel raster.

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:


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. A PRB grid alignment with LTE carriers having an odd number of PRBs is possible.



Figure 3: The 30 RB SIB1 carrierBandwidth but not the UE's 5 MHz channel bandwidth is on the 100 kHz raster. A PRB grid alignment with LTE carriers having an even number of PRBs is possible.

Proposal 4: Companies who believe that some bandwidth needs to be centered on the 100 kHz raster are invited to indicate for legacy UEs in the special case of an irregular bandwidth such as 30 RBs where only either the SIB1 carrierBandwidth or the UE's channel bandwidth can be centered on the 100 kHz raster which of them should be on the 100 kHz raster.

In the case of the same regular bandwidths of 5, 10, 15 or 20 MHz for LTE and NR, the numbers of RBs are either both odd or both even. Here, placing the NR carrier at the same channel raster position as the LTE carrier can align the PRB grids (at least with the part of the LTE carrier below the DC subcarrier). However, if NR uses an irregular BW, this rule does not apply. In the example above, centering the SIB1 carrierBandwidth of 30 RBs on the channel raster allows only for a PRB grid alignment with an LTE 1.4 MHz carrier (assuming that the LTE carrier must fit into the irregular bandwidth, at least in the UL).

Observation 3: In the case of an irregular bandwidth, centering the SIB1 carrierBandwidth on the 100 kHz raster may even preclude a desired PRB grid alignment between NR (e.g. 30 RBs for 6 MHz) and LTE (e.g. 25 RBs for 5 MHz).

Proposal 5: At least in future releases, centering the SIB1 carrierBandwidth of irregular bandwidths on the channel raster is not required.

2.5  100 kHz channel raster in the case of a 5 MHz wide NR carrier with 15 kHz SCS
The synchronization raster in TS 38.101-1 table 5.4.3.1-1
SSREF = N * 1200 kHz + M * 50 kHz with N=1:2499, M ϵ {1,3,5}
was designed under the assumption that 5 MHz NR carriers with an SSB are centered on the channel raster. Suppose N=650 and M=5 resulting in SSREF = 780.25 MHz. Then the highest reachable frequency of a 25 RBs wide NR carrier would be achieved if the 20 RBs wide SSB was placed at its lower end. Since the NR carrier is 5 RBs wider than the SSB, the center of the NR carrier would be 2.5 RBs or 450 kHz above SSREF, i.e. at 780.7 MHz. Now consider the next synchronization raster point, N=651 and M=1, resulting in SSREF = 781.25 MHz. Then the lowest reachable frequency of a 25 RBs wide NR carrier would be achieved if the 20 RBs wide SSB was placed at its upper end. Since the NR carrier is 5 RBs wider than the SSB, the center of the NR carrier would be 2.5 RBs or 450 kHz below SSREF, i.e. at 780.8 MHz. For center frequencies between 780.7 and 780.8 MHz, no synchronization raster point fits to 5 MHz carriers.

Observation 4: For 5 MHz carriers with an SSB, some center frequencies of the SIB1 carrierBandwidth between multiples of 100 kHz are incompatible with the synchronization raster, hence a deviation of the SIB1 carrierBandwidth center from the 100 kHz raster is not always possible.

2.6  Shifting the transmission bandwidth up inside the channel bandwidth by less than the SCS
Contrary to LTE, NR does not have a DC subcarrier in the DL. This means that NR's number of subcarriers is even. Placing one subcarrier onto the channel raster according to TS 38.101-1 subclause 5.4.2.2 causes a minor asymmetry of the transmission bandwidth inside the channel bandwidth: there are
· 12·NRB/2 subcarriers below the channel raster point but
· only 12·NRB/2 – 1 subcarriers above the channel raster point.
Let us assume a licensed spectrum that has a regular channel bandwidth, begins (and ends) at a multiple of 100 kHz and that is filled by a carrier with this regular channel bandwidth. If the frequency band has a 100 kHz channel raster and Δshift = 0 kHz, the resource element according to table 5.4.2.2-1 will be centered in the licensed spectrum. Then the guard band at the channel's lower edge will be the minimum guard band according to TS 38.101-1 table 5.3.3-1, whereas the guard band at the channel's upper edge will be one SCS larger than the minimum guard band.

Observation 5: If the resource element specified in TS 38.101-1 table 5.4.2.2-1 is centered in the licensed spectrum, the guard band at the upper edge of the licensed spectrum will be one SCS wider than the guard band at the lower edge.

In frequency bands with an SCS-spaced channel raster such as n41, a regular channel bandwidth cannot always coincide with a licensed spectrum of the same size that begins and ends at multiples of 0.1 MHz. A shift by 5 or 10 kHz may be needed in the case of 15 kHz SCS to align the channel's position with the channel raster, and by 10 or 20 kHz in the case of 30 kHz SCS. Shifting the transmission bandwidth up is possible without having less than the minimum guard band between the upper end of the highest subcarrier and the upper end of the licensed spectrum.

Example: Let us assume a licensed spectrum from 2670 to 2690 MHz for a 20 MHz wide channel (106 RBs, minimum guard band 452.5 kHz) with 15 kHz SCS. The center, 2680 MHz, is not a multiple of 15 kHz and thus not on the channel raster of band n41. However, 2680.005 MHz is on the channel raster. Hence the carrier can be positioned at 2680.005 MHz. The guard band at the lower end will be 452.5 kHz + 5 kHz = 457.5 kHz, and the guard band at the upper end will be 452.5 kHz +15 kHz – 5 kHz = 462.5 kHz. (The sum is 457.5 kHz + 106·180 kHz + 462.5 kHz = 20 MHz.)

Observation 6: In frequency bands with an SCS-spaced channel raster, a perfect alignment between a licensed spectrum and a regular channel bandwidth of the same size may be incompatible with the channel raster. However, shifting the transmission bandwidth up by less than one SCS can put the carrier onto the channel raster while the guard band to the upper edge of the licensed spectrum still exceeds the minimum guard band.

In the case that the SIB1 carrierBandwidth is an odd number of RBs and the UE-specific channel bandwidth is an even number of RBs or vice versa, only one of them can, at 15 kHz SCS, be centered on the 100 kHz raster. In frequency bands such as n25 or n66 where the channel bandwidth of 25 MHz was introduced after Rel-15, the initial BWP can be at most 20 MHz wide (otherwise Rel-15 UEs would not be able to use the cell). Page 4 of [5] addresses the question of how legacy UEs can use 20 MHz in a 25 MHz wide channel. Although, in general, BWPs need not be on the channel raster, an initial BWP of 20 MHz would also determine the position of a Rel-15 UE's 20 MHz wide channel filter (cf. observation 2), hence some care might be needed.

As explained in this subsection, if a maximum transmission bandwidth configuration is shifted inside a correspondingly wide regular bandwidth only by +5 kHz or +10 kHz compared with TS 38.101-1 subclause 5.4.2.2, it will still fit into that regular bandwidth. Let us explore how to use this property in the case of the problem of
· an odd number of RBs in the SIB1 carrierBandwidth, e.g. 133 RBs for 25 MHz, and
· an even number of RBs that the legacy UE can use, e.g. 106 RBs for an initial BWP of 20 MHz.
Let us assume that the SIB1 carrierBandwidth is placed on the channel raster, e.g. at 2122.5 MHz (band n66 DL) for a carrier at the lower operating band edge. A PRB grid aligned initial BWP of 106 RBs cannot be placed on the channel raster. However, it is possible to center it at a 90 kHz lower frequency, i.e. 2122.41 MHz. (An additional frequency shift by ±900 kHz or ±1800 kHz would be possible.) This PRB grid alignment would result in a frequency offset of +10 kHz to the nearest channel raster point at 2122.4 MHz. If the Rel-15 UE centered its 20 MHz channel filter at the nearest channel raster point (2122.4 MHz), the BWP's subcarriers would still fit well into the UE channel filter's passband because of the asymmetry explained above.

Although the legacy UE may expect signaling of a UE specific channel bandwidth in connected mode because it does not support the SIB1 carrierBandwidth, the targeted UE specific channel bandwidth of 106 RBs may not be commanded because a simultaneous alignment with the PRB grid and the channel raster is impossible. We assume that a legacy UE continues using the BWP and channel filter from the idle mode parameters if the network does not signal anything else because the description of downlinkChannelBW-PerSCS-List in TS 38.331 reads: “If absent, UE uses the configuration indicated in scs-SpecificCarrierList in DownlinkConfigCommon / DownlinkConfigCommonSIB.”

Proposal 6: For the case that a SIB1 carrierBandwidth of 133 RBs is centered on the operating band's 100 kHz raster and legacy UEs do not support the carrierBandwidth in SIB1 but the next lower carrier bandwidth (106 RBs), resulting in an even/odd mismatch of the number of RBs, companies who would like the UE specific channel bandwidth for legacy UEs to be on the channel raster are kindly asked to provide their view:
· If an initial BWP of 106 RBs is signaled, but no UE specific channel bandwidth is commanded in connected mode, will a legacy UE in connected mode be able to use 20 MHz of the 25 MHz wide channel?
· If yes, should the initial BWP be positioned for using a transmission bandwidth of 106 RBs so that it fits, with at least the minimum guard bands, into a 20 MHz wide frequency interval that is centered at a multiple of 100 kHz?

3  Summary

Observation 1: In TS 38.331, the term “channel bandwidth” is rather used synonymously with “carrier bandwidth”. Because of the parameter names downlinkChannelBW-PerSCS-List and uplinkChannelBW-PerSCS-List, harmonizing the terminology is rather impossible.

Proposal 1: In RAN4, use “channel bandwidth” (including “UE's channel bandwidth” but not “UE specific channel bandwidth”) in the sense of TS 38.101-1 figure 5.3.3-3 and “carrier bandwidth” in the sense of carrierBandwidth in TS 38.331.

Proposal 2: To prevent an incompatibility between frequently used channel bandwidths of NR cells and enhanced RedCap UEs supporting only 5 MHz, clarify, e.g. in the framework of TEI18, in the Rel-18 versions of TS 38.101-1 and TS 38.104 that the channel raster does not apply to the location of the UE specific channel bandwidth.

Proposal 3: Companies who believe that some bandwidth needs to be centered on the 100 kHz raster (SIB1 carrier bandwidth or UE specific channel bandwidth according to their respective preference voiced at RAN4#104-bis-e) are invited to indicate for legacy UEs
- which of the options 1-4 they assume to be viable and
- whether option 5 is true.


Example of a 10 MHz wide NR channel with two SCSs statically separated in the frequency domain
· Option 1: The 10 MHz channel BW should be centered on the channel raster.
· Option 2: The combination of all transmission BWs should be centered on the channel raster.
· Option 3: The 1st or 2nd carrierBandwidth should be centered on the channel raster.
· Option 4: The carrierBandwidth containing the SSB should be centered on the channel raster.
· Option 5: The 2nd carrierBandwidth of 12 RBs is allowed in SIB1's scs-SpecificCarrierList and as a BWP size but not as a UE specific channel bandwidth because 12 RBs at 30 kHz SCS is not a maximum transmission bandwidth configuration (11 or 24 RBs would be possible in downlinkChannelBW-PerSCS-List).


Observation 2: If the UE does not support the SIB1 carrierBandwidth and the initial BWP has as many RBs as the transmission bandwidth of the next smaller supported regular channel bandwidth, the initial BWP must be on the 100 kHz raster if the UE's channel bandwidth shall be on the channel raster.

Proposal 4: Companies who believe that some bandwidth needs to be centered on the 100 kHz raster are invited to indicate for legacy UEs in the special case of an irregular bandwidth such as 30 RBs where only either the SIB1 carrierBandwidth or the UE's channel bandwidth can be centered on the 100 kHz raster which of them should be on the 100 kHz raster.

Observation 3: In the case of an irregular bandwidth, centering the SIB1 carrierBandwidth on the 100 kHz raster may even preclude a desired PRB grid alignment between NR (e.g. 30 RBs for 6 MHz) and LTE (e.g. 25 RBs for 5 MHz).

Proposal 5: At least in future releases, centering the SIB1 carrierBandwidth of irregular bandwidths on the channel raster is not required.

Observation 4: For 5 MHz carriers with an SSB, some center frequencies of the SIB1 carrierBandwidth between multiples of 100 kHz are incompatible with the synchronization raster, hence a deviation of the SIB1 carrierBandwidth center from the 100 kHz raster is not always possible.

Observation 5: If the resource element specified in TS 38.101-1 table 5.4.2.2-1 is centered in the licensed spectrum, the guard band at the upper edge of the licensed spectrum will be one SCS wider than the guard band at the lower edge.

Observation 6: In frequency bands with an SCS-spaced channel raster, a perfect alignment between a licensed spectrum and a regular channel bandwidth of the same size may be incompatible with the channel raster. However, shifting the transmission bandwidth up by less than one SCS can put the carrier onto the channel raster while the guard band to the upper edge of the licensed spectrum still exceeds the minimum guard band.

Proposal 6: For the case that a SIB1 carrierBandwidth of 133 RBs is centered on the operating band's 100 kHz raster and legacy UEs do not support the carrierBandwidth in SIB1 but the next lower carrier bandwidth (106 RBs), resulting in an even/odd mismatch of the number of RBs, companies who would like the UE specific channel bandwidth for legacy UEs to be on the channel raster are kindly asked to provide their view:
· If an initial BWP of 106 RBs is signaled, but no UE specific channel bandwidth is commanded in connected mode, will a legacy UE in connected mode be able to use 20 MHz of the 25 MHz wide channel?
· If yes, should the initial BWP be positioned for using a transmission bandwidth of 106 RBs so that it fits, with at least the minimum guard bands, into a 20 MHz wide frequency interval that is centered at a multiple of 100 kHz?
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