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Introduction
In RAN4#108, WF on channel raster enhancements [1] was agreed in the following.
	1- Approaches / Alternatives
One of the following approaches/alternatives to be chosen: 
0. Approach 1: Specify a new channel raster
The new channel raster step size: 10 kHz
0. Approach 2: Do not specify new channel raster entries 
1. Alternative 1
0. Clarify 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.
0. The network should be able to use the RRC specification for configuring the UE with locations of the UE-specific channel BW within a wider cell-specific bandwidth subject to UE capability; a subset of requirements applies for the UE-specific CHBW within a wider carrier
1. Alternative 3: 
1. For operating bands with a 100 kHz channel raster, the UE can signal a capability to support a UE specific channel BW that 
0. consists of a contiguous subset of RBs from SCS-SpecificCarrier in SIB1 and 
0. is a maximum transmission BW configuration 
0. but need not be centered on the channel raster.
1. For UEs with the capability to support a UE specific channel BW off the 100 kHz raster in corresponding operating bands, the natural raster for the UE specific channel BW is the RB grid of the carrier bandwidth in SIB1. (For a given numerology and location of the SIB1 carrier bandwidth, its RB grid is considerably sparser than the proposed channel rasters and it includes only valid frequency locations, hence rather the RB grid of the carrier bandwidth in SIB1 should be specified as raster for the UE specific channel BW than a new channel raster.)
2- Way forward
For the next meeting, companies are encouraged to comment on open issues and/or to detail the expected specification updates of their preferred approach.
4-	UE capability
Agreement:
A new UE capability will be specified to support the WI objectives
Open issues:
The new UE capability should be per band.
FFS from which release should the UE capability be applicable.
Whether the capability should (at least for some bands) be mandatory from Rel-18 onwards.
6-	Reminder – previous agreements 
6.1: 	Agreement from RAN4#107 (R4-2310269)
For approach 1: Specify a new channel raster
The new channel raster should be specified:
· For both UE and gNB.
· For all FR1 bands below 3GHz that currently have 100 kHz channel raster.
6.2: 	Agreement from RAN4#106-bis (R4-2306598)
The channel raster enhancement is also applicable to NTN. Following this, the changes made to TN will also be made to NTN.

Annex (for information only): Some highlights from offline emails discussion.
· The RAN4#107 agreement is not verified by the conformance test specifications, it even does not claim that 3GPP's UE RF performance requirements are met. 
· If the SIB1 carrierBandwidth is off the channel raster, legacy UEs need a UE specific channel BW on the channel raster.
Open questions:
Whether, and if so which, UE RF performance requirements should apply to carrier locations off the 100 kHz channel raster.
Whether the 3GPP specifications should continue to require that the carrierBandwidth in SIB1 is centered (for all UEs) on the 100 kHz channel raster or
whether 3GPP RF performance requirements apply also for a SIB1 carrierBandwidth off the 100 kHz channel raster to UEs which support the channel raster enhancement.
Whether in a configuration with multiple numerologies, legacy UEs only need that any one of the numerologies is centered on the 100 kHz channel raster.



In this contribution, we discuss the open questions and which approach should be taken to go forward.
Discussion
Interpretation of the RAN4#107 agreement on the SIB1 carrierBandwidth placement
In RAN4#107, the following agreement was made in [2].
	Agreement:
· There is no backwards compatibility issue, the carrierBandwidth advertised in SIB1 does not have to be placed on the 100kHz raster.



As we observed that RAN4 had no common understanding about the agreement, we proposed to further clarify it in [3]. The offline discussion during RAN4#108 was captured in the WF [1] in the following and we still see no common understanding within RAN4. The agreement seems to miss the aspects
· that fulfilling the 3GPP RF requirements should not be expected and
· that a UE specific channel BW (which, according to TS 38.331, is not mandatory) must be signaled if the SIB1 carrierBandwidth is off the 100 kHz channel raster.
	Annex (for information only): Some highlights from offline emails discussion.
· The RAN4#107 agreement is not verified by the conformance test specifications, it even does not claim that 3GPP's UE RF performance requirements are met. 
-	If the SIB1 carrierBandwidth is off the channel raster, legacy UEs need a UE specific channel BW on the channel raster.



Observation 1: The agreement in RAN4#107 is not sufficiently clarified yet.

Whether carrierBandwidth in SIB1 shall remain centered on 100 kHz channel raster
During offline discussion in RAN4#108, we observed majority of companies agreed that SIB1 carrierBandwidth had no limitation to be placed off the 100 kHz channel raster, as far as UE specific channel bandwidth is on the 100 kHz channel raster. However, at least one BS vendor had a view that the 3GPP RF requirements only apply if the SIB1 carrierBandwidth is on the channel raster. Furthermore, at least one UE vendor had a view that UE shall use a channel bandwidth on 100 kHz channel raster regardless of initial access or connected states, otherwise UE may not function properly. Therefore, further clarification is needed w.r.t. what the exact condition is for all UEs to function properly and meet the 3GPP transmitter and receiver requirements when the SIB1 carrierBandwidth is off the 100 kHz channel raster. Otherwise, network cannot safely configure SIB1 such that all UE can camp on the cell before using UE specific channel bandwidth via dedicated signalling.
Proposal 1: RAN4 agrees whether the carrierBandwidth in SIB1 must be centered on the 100 kHz channel raster and, if not, what side conditions in addition to a UE specific channel BW on the channel raster exist when the carrierBandwidth in SIB1 is off the 100 kHz channel raster for legacy UEs.
Proposal 2: For UEs with the new capability, RAN4 agrees whether the carrierBandwidth in SIB1 must continue to be centered on the 100 kHz channel raster and, if not, what side conditions exist when the carrierBandwidth in SIB1 is off the 100 kHz channel raster.
Proposal 3: RAN4 agrees what 3GPP RF performance requirements apply in case of a SIB1 carrierBandwidth off the 100 kHz channel raster.

[bookmark: _Hlk142559944]Issues on multiple numerologies
We have presented a multiple numerologies configuration in [3] that fulfils the current RAN4 requirement on the channel raster, i.e., the mapping must apply to at least one numerology supported by the UE. Unfortunately, no answer was given about the expected UE behaviour in RAN4#108, i.e., whether such a configuration is valid for UE, and what requirement to apply for the SCS not on the existing channel raster.
Observation 2: TS 38.101-1 only requires that at least one numerology supported by the UE (which even need not be actively used) is on the channel raster. It is still not clear how this requirement fulfils the UEs' channel raster needs when a numerology is actively used which is not on the channel raster and which has a wider BW than the numerology on the channel raster.
If, in Rel-18, RAN4 required the carrierBandwidth of all employed numerologies to be centered on the channel raster to be safe, the network would have to take the following restrictions into account for UEs without the new capability in operating bands with 100 kHz channel raster:
· At 15 kHz SCS, an even number of RBs in the carrierBandwidth of SIB1 would preclude an odd number of RBs in the carrierBandwidth of a UE specific channel BW (and similarly for odd/even). This restriction applies already today in the single numerology case.
· If both 15 and 30 kHz SCS were used, the number of RBs for 15 kHz SCS in SIB1 and in the UE specific channel BW would have to be even because of the common Point A. (5, 15 and 25 MHz channel BW would not be supported at 15 kHz SCS.)
Proposal 4: Unless RAN4 think that it is enough to just place an unused numerology on the channel raster, the sentence in TS 38.101-1 subclause 5.4.2.2 "The mapping must apply to at least one numerology supported by the UE." should be improved in Rel-18, e.g. requiring each numerology that a UE shall use to be on the channel raster.

Approach 1 vs. approach 2 for the raster of the UE specific channel BW
Two approaches have been kept in the WF [1], with and without explicit specification of new channel raster entries.
The question of whether to specify a new channel raster should be separately discussed for the carrier bandwidth in SIB1 and for the UE specific channel BW. Just for the latter, the introduction of a new channel raster does not make sense because anyway other, more restrictive conditions apply: For new UEs with the corresponding capability, the UE specific channel BW must be
· a maximum transmission bandwidth configuration
· which is, with RB grid alignment, inside SIB1's carrierBandwidth of the same numerology and link direction.
To avoid measurement gaps for measuring the SSB, the UE specific channel BW also should include the SSB.
Observation 3: For a given SIB1 carrier BW and location, the requirements that anyway apply to the location of the UE specific channel BW result in much fewer allowed locations than the proposed new channel raster.
Hence an additional restriction such as that the UE specific channel BW must also be on some new channel raster is obsolete for new UEs supporting UE specific channel BWs off the 100 kHz channel raster. The carrierBandwidth in SIB1 will be centered at a multiple of 100 or at least 10 kHz, and the RB grid alignment ensures that the UE specific channel BW will, for UEs with the new capability, anyway be centered at a multiple of 10 kHz.
For example, if the centre frequency of the SIB1 carrier BW remains at an integer multiple of 100 kHz, the centre frequency of the UE specific channel BW is anyway at an integer multiple of 10 kHz because each of them must be away from Point A frequency by an integer multiple of 90 kHz due to resource grid alignment. Furthermore, the UE specific channel bandwidth cannot be at any arbitrary frequency of an integer multiple of 10 kHz because UE specific channel bandwidth must be PRB aligned with SIB1. Therefore, it is unnecessary to specify the channel raster for UE specific channel BW as 10 kHz, because it is determined primarily by SIB1 carrier BW and its location.
Observation 4: Approach 1 does not make sense if the RF requirements continue to only apply with the SIB1 carrier bandwidth on the 100 kHz channel raster.
Proposal 5: If there will be new UEs supporting UE specific channel BWs but not SIB1 carrierBandwidth off the 100 kHz channel raster: Instead of specifying a 10 kHz channel raster only for the UE specific channel BW, just the restrictive conditions should be applied that anyway must already be fulfilled today.

RF requirement applicability and conformance test for UE not on 100 kHz raster
One proposal by the proponent of Approach 2 Alternative 1 in RAN4#108 was that only a subset of UE RF requirements was applied [4] for minimizing the changes. From core requirement point of view, it is strange to change the RF requirement when UE is not on 100 kHz raster, as UE RF requirement should not be affected by a frequency shift of an integer multiple of 10 kHz.
Proposal 6: The full set of UE Tx and Rx requirements shall be applicable for the UE supporting the channel raster enhancement when it is not placed on the 100 kHz raster, in the same way as for the UE on the 100 kHz raster.
If the number of conformance test cases is a concern, we can consider not to increase the number of test cases, for example, by changing the frequencies of existing test cases for UEs supporting the channel raster enhancement. Then, the total number of tests can be kept the same as for the legacy UEs. We can further discuss how to limit the total number of test cases for new UEs capable of the channel raster enhancement.
Proposal 7: We can further discuss how to limit the total number of test cases for new UEs capable of the channel raster enhancement.

Backward compatibility
Even if we confirm that current UEs fulfill the RF requirements also if the SIB1 carrierBandwidth is not on the 100 kHz channel raster, it is unclear if this would be the case also for UEs of future vendors who might still bring UEs without the new capability onto the market. If we do not prevent this from happening by backward compatible CRs to frozen releases, the SIB1 carrierBandwidth off the 100 kHz channel raster might be risky in legacy bands, and keeping the SIB1 carrierBandwidth on the 100 kHz channel raster may be a reasonable choice.
Observation 5: Even if we confirm that current UEs fulfill the RF requirements also if the SIB1 carrierBandwidth is not on the 100 kHz channel raster, it is unclear whether this would be the case as well for UEs of future vendors who might still bring UEs without the new capability onto the market. If we do not prevent this from happening by backward compatible CRs to frozen releases, the SIB1 carrierBandwidth off the 100 kHz channel raster might be risky in legacy bands, and keeping the SIB1 carrierBandwidth in the specification on the 100 kHz channel raster may be a reasonable choice.

Way forward to complete the WI
We’d like to discuss a suitable sequence of decision making towards the completion of the WI. It is more efficient and can lead to a better CR quality if RAN4 first agrees on the directions, in particular
· [bookmark: _Hlk146702830]whether to apply the 10 kHz channel raster also to the SIB1 carrierBandwidth,
· whether to explicitly introduce the 10 kHz channel raster,
· what RF requirements to apply off the 100 kHz channel raster and
· how to ensure in a multi-numerology case that the UEs' channel raster needs are fulfilled for each numerology employed,
and then invites the companies to propose how to change the specification.
Proposal 8: For efficient discussions and a good CR quality, RAN4 first agrees on the directions (whether to apply the 10 kHz channel raster also to the SIB1 carrierBandwidth, whether to explicitly introduce the 10 kHz channel raster, what RF requirements to apply off the 100 kHz channel raster and how to ensure in a multi-numerology case that the UEs' channel raster needs are fulfilled for each numerology employed) and then invites the companies to propose how to change the specification.

Summary
We have discussed open issues on channel raster enhancement and have made the following observations and proposals.
Observation 1: The agreement in RAN4#107 is not sufficiently clarified yet.
Proposal 1: RAN4 agrees whether the carrierBandwidth in SIB1 must be centered on the 100 kHz channel raster and, if not, what side conditions in addition to a UE specific channel BW on the channel raster exist when the carrierBandwidth in SIB1 is off the 100 kHz channel raster for legacy UEs.
Proposal 2: For UEs with the new capability, RAN4 agrees whether the carrierBandwidth in SIB1 must continue to be centered on the 100 kHz channel raster and, if not, what side conditions exist when the carrierBandwidth in SIB1 is off the 100 kHz channel raster.
Proposal 3: RAN4 agrees what 3GPP RF performance requirements apply in case of a SIB1 carrierBandwidth off the 100 kHz channel raster.
Observation 2: TS 38.101-1 only requires that at least one numerology supported by the UE (which even need not be actively used) is on the channel raster. It is still not clear how this requirement fulfils the UEs' channel raster needs when a numerology is actively used which is not on the channel raster and which has a wider BW than the numerology on the channel raster.
Proposal 4: Unless RAN4 think that it is enough to just place an unused numerology on the channel raster, the sentence in TS 38.101-1 subclause 5.4.2.2 "The mapping must apply to at least one numerology supported by the UE." should be improved in Rel-18, e.g. requiring each numerology that a UE shall use to be on the channel raster.
Observation 3: For a given SIB1 carrier BW and location, the requirements that anyway apply to the location of the UE specific channel BW result in much fewer allowed locations than the proposed new channel raster.
Observation 4: Approach 1 does not make sense if the RF requirements continue to only apply with the SIB1 carrier bandwidth on the 100 kHz channel raster.
Proposal 5: If there will be new UEs supporting UE specific channel BWs but not SIB1 carrierBandwidth off the 100 kHz channel raster: Instead of specifying a 10 kHz channel raster only for the UE specific channel BW, just the restrictive conditions should be applied that anyway must already be fulfilled today.
Proposal 6: The full set of UE Tx and Rx requirements shall be applicable for the UE supporting the channel raster enhancement when it is not placed on the 100 kHz raster, in the same way as for the UE on the 100 kHz raster.
Proposal 7: We can further discuss how to limit the total number of test cases for new UEs capable of the channel raster enhancement.
Observation 5: Even if we confirm that current UEs fulfill the RF requirements also if the SIB1 carrierBandwidth is not on the 100 kHz channel raster, it is unclear whether this would be the case as well for UEs of future vendors who might still bring UEs without the new capability onto the market. If we do not prevent this from happening by backward compatible CRs to frozen releases, the SIB1 carrierBandwidth off the 100 kHz channel raster might be risky in legacy bands, and keeping the SIB1 carrierBandwidth in the specification on the 100 kHz channel raster may be a reasonable choice.
Proposal 8: For efficient discussions and a good CR quality, RAN4 first agrees on the directions (whether to apply the 10 kHz channel raster also to the SIB1 carrierBandwidth, whether to explicitly introduce the 10 kHz channel raster, what RF requirements to apply off the 100 kHz channel raster and how to ensure in a multi-numerology case that the UEs' channel raster needs are fulfilled for each numerology employed) and then invites the companies to propose how to change the specification.
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