[bookmark: historyclause]3GPP TSG RAN WG4 Meeting #108		R4-2311220
Toulouse, France, August 21st – 25th 2023	

Agenda item:	8.5.2.1
Source:	Apple
Title:	Further considerations for the flexible channel raster
WI/SI:	NR_channel_raster_enh
Release:	Rel-18
Document for:	Decision

1	Introduction 
During Rel-16 and Rel-17 discussions, several operators expressed an interest in enabling more efficient utilization of "non-standard" channel bandwidths, i.e., the ones which are not present now in TS 38.101 specifications. Referring to the corresponding operator requests, the following channel bandwidths were suggested by operators: 6, 7, 11, 12, 13, 33MHz. As an outcome a new SI was agreed at the RAN#89 meeting aiming to study further which existing solutions can be used and whether new mechanism should be devised [1]. The SI was concluded at RAN#99 meeting with the general conclusions that two methods – overlapping channels from network perspective and the next larger channel – can be used to support irregular channels without requiring changes at the UE side. In addition to that, companies concluded that the existing NR channel raster design is not flexible and does not allow configuring certain NR channel combinations. In response to that RAN#99 agreed a new WI with the only main objective to enable a more flexible raster design [2].  
During the previous RAN WG4 several solutions were discussed, which at the end were structured around two major approaches, as captured in [3]. Referring to that document our major preference is approach #1 and in this discussion paper we present our considerations on the main aspects of that approach, such as raster granularity, which bands it should be applicable to, etc.  
Approach #1: Specify a new channel raster
1.	New channel raster step size:
			Option 1: 5 kHz
			Option 2: 10 kHz
			Option 3: 50kHz
2.	The new channel raster should be specified for:
			both UE and gNB.
3.	For which bands this new channel raster should be specified:
			All FR1 bands below 3GHz that that currently have 100 kHz channel raster
2	Channel raster enhancements 
2.1	Enhanced channel raster granularity
As discussed extensively during the corresponding Rel-18 SI, existing channel raster for the FR1 bands below 3GHz is restricted to discrete steps in 100kHz, which prevents the network from configuring certain channel bandwidths, especially when odd and even number of RBs are configured in the same spectrum block. In response to that, companies have acknowledged that there is a need to enable a more flexible raster that would enable channel raster points at smaller steps. 
RAN WG4 already defines the global raster as 5kHz, which is also supported by RAN WG2 signalling. In other words, existing signalling already allows the channel raster in step of 5kHz. From that perspective we can already enable enhanced 5kHz channel raster, whereupon it will be only RAN WG4 specifications in which the corresponding change will be made.  Obviously, enabling enhanced channel raster as 5kHz will cover all deployment use cases because it can be aligned with 15, 30, and 60kHz sub-carrier grids as well as existing 100kHz channels.
Another option for the enhanced channel raster could be 10kHz, which should also cover most of deployment cases. The only downside of that option is that it will not allow perfect alignment on the 15kHz sub-carrier grid, if needed by some scenarios. Whether it is a big restriction or not requires further analysis. At the same time, if RAN WG4 anyway considers enhanced channel raster in much smaller steps, then it could be better to enable 5kHz raster instead of limiting ourselves to 10kHz.
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As a related aspect raised during the previous meeting, the enhanced channel raster can be enabled only to the UE side or both UE and the network side. On the one hand, since most of the bands were defined in earlier releases, the network may inevitable configure the SIB1 channel bandwidth only on the 100kHz raster to ensure the backward compatibility. From that perspective, there could be no strong reasons to consider the enhanced channel raster for the network side. On the other hand, there can be new bands defined in Rel-18 or later releases, which from the beginning can have the enhanced raster defined for both the network and the UE side. Thus, there is a benefit in enabling the possibility to have the enhanced channel raster also for the network side.
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2.2	Applicable bands for the enhanced channel raster
All FR1 bands are logically divided between the bands below 3GHz and above 3GHz, whereupon the former bands have the channel raster of 100kHz, and the bands above 3GHz use the so-called SCS based raster. Most of the technical discussions during the SI phase concerned the FR1 bands below 3GHz because the 100kHz raster caused the biggest challenges with aligning sub-carrier and RB grids. In that sense FR1 bands above 3GHz should be more flexible because they already have the SCS based raster, which facilitates at least aligning the RB grid for odd and even number of RBs. Yet on the other hand, if there is a band above 3GHz that an operator uses for both LTE and 5G technologies, then the same issue arises because the 100kHz channel raster and the 15kHz sub-carrier grid can be aligned only on the 900kHz raster. In fact, 3GPP already faced this problem while specifying DSS for the 3GPP band 48/n48. As a result, we suggest enabling enhanced channel raster at least for FR1 bands below 3GHz; but we are open to consider enhanced channel raster also for bands above 3GHz.  
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Somewhat irrespective of the fact whether we consider enhanced channel raster for all FR1 bands or only bands below 3GHz, another aspect to consider is whether the enhanced channel raster will be applicable to all bands or only to the bands where it is needed and/or requested by an operator. On the one hand, one could argue that there is no need to apply the enhanced channel raster to all bands and it can be applied only to the irregular bands and/or the bands where it is requested by an operator. On the other hand, even if a particular 3GPP band is regular, actual operator licenses can be irregular. Furthermore, a particular operator license may change requiring further configuration of odd and even number of RBs, for which the enhanced channel raster will be useful. As an example, if an operator has the 30MHz spectrum block and then it changes to e.g. 35MHz, a UE supporting the enhanced channel raster can be already configured on the flexible raster and the operator does not have to initiate the 3GPP process of enabling the flexible raster for the band.  
Since RAN WG4 anyway plans to consider the corresponding UE capability for the enhanced channel raster, more considerations for which can be found in [3], the following options can be studied further:  
1.	Enhanced channel raster is optional for all bands.
2.	Enhanced channel raster is optional for all bands by default. However, RAN WG4 will decide further whether it shall be supported as a mandatory feature for some bands.
3.	Enhanced channel raster is mandatory for all bands starting from e.g. Rel-18. For the earlier releases it will be obviously optional. 
Referring to the options presented above, option 1 can be considered as a logical baseline because it just assumes that the flexible raster is optional for the UE irrespective of the fact which release it is. Option 2 has an incremental flavour to Option 1 in a sense that it establishes an addition RAN WG4 process when it will be further discussed and decided that the channel raster must be mandatory for a particular band. And option 3 just mandates the raster being mandatory for all bands; nevertheless, we cannot mandate the flexible raster to be mandatory for earlier releases. 
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2.3	UE capability the enhanced channel raster
As elaborated in previous sections, one of the first questions is whether this feature will be optional or mandatory. While in principle it is possible to assume that all UEs starting from Rel-18 shall be supporting flexible channel raster as a mandatory feature, it is somewhat impractical as some bands maybe do not even need this functionality. Thus, a new per-band UE capability can be added so that the network at least knows that this feature has been implemented and tested for a particular band.  
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As another WI objective, RAN WG4 was tasked to explore the possibility of enabling enhanced channel raster for earlier releases. If RAN WG4 agrees to introduce the corresponding per-band UE capability as suggested in the proposal above, then the same capability can be ported into earlier releases. This way this feature can be "enabled" for earlier releases facilitating network deployments without waiting for e.g. Rel-18 devices. Since the UE capabilities and related aspects belong to the RAN WG2 responsibilities, we suggest sending the corresponding LS to RAN WG2.
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3	Conclusions
In this discussion paper we have presented our further considerations on the flexible channel raster and its design parameters. Firstly, our view is that the flexible channel raster should be ideally 5kHz or at least 10kHz; any larger value will not bring any gain. Secondly, the flexible channel raster should be applicable at least to the FR1 bands below 3GHz. Finally, RAN WG4 should discuss further whether the flexible raster is optional or mandatory for the bands where it can be enabled.
Proposal 1a:	Consider enhanced channel raster as 5 or 10kHz.
Proposal 1b:	Enhanced channel raster is defined at least for the UE side.
Proposal 1c:	Enhanced channel raster can be defined also for the network side.
Proposal 2:	Enhanced channel raster is applicable at least for the FR1 bands below 3GHz.
Proposal 3a:	Enhanced channel raster is optional for bands in earlier releases.
Proposal 3b:	It should be discussed further whether enhanced channel raster is optional or mandatory for the bands starting from Rel-18.
Proposal 4a:	Send LS to RAN WG2 asking to add a new per-band UE capability to indicate whether a UE supports enhanced channel raster for a particular band.
Proposal 4b:	Send LS to RAN WG2 asking whether the per-band UE capability for the flexible channel raster can be introduced to earlier releases, and if so, which release.

	
4	References
[bookmark: _Ref54370374]RP-202103, "New SID: Study on Efficient utilization of licensed 	spectrum that is not aligned with existing NR channel bandwidths", T-Mobile USA, Ericsson
[bookmark: _Ref131599125]RP-230813, "New WID on Channel raster enhancement", Ericsson 
[bookmark: _Ref142069927]R4-2310269, "WF on channel raster enhancements", Ericsson
Apple Inc.
