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Introduction
A WF listing different options for the channel raster enhancement was agreed in [1]. In this paper we further discuss these options and present a channel raster enhancement proposal. The analysis in this paper is based on what was already presented in [2].
Discussion
Channel Raster Enhancements/Changes (Approach 1 in [1])
The options for channel raster that were left for analysis are listed below:
· Option 1: 5 kHz
· Option 2: 10 kHz
· Option 3: 50 kHz
As already shown in [2], all these options enable the placement of a narrower channel within a wider channel. These options lead to a tradeoff between flexibility of channel placement and number of added channel raster points(design complexity). Options 1 and 2 offer better flexibility for channel placement, however, not all channel raster points can be used in practice due to several other deployment related restrictions such as channels having to cover an SSB placed on a valid global sync raster entry [3]. Option will lead to only a 2x increase in the number of channel raster points, limiting the number of extra raster points is desirable to minimize the implementation impact of this feature and enabling earlier support of the feature. 
Proposal 1: Introduce new channel raster entries with 50kHz granularity.
Regarding whether the channel raster should be specified for the UE or base station, it should be specified for both to enable forward compatibility. If a new channel BW is added to the specifications, in order to enable the placement of the  new channel within/on top of the legacy channel while maintaining the legacy channel on a legacy channel raster entry, the new channel would have to be placed on a new channel raster entry at the base station side also.
Proposal 2: The new channel raster entries should be specified for both UE and base station.
Regarding the coverage of the changes, this should be based on operator request to minimize the changes. As this issue was not brought up until recently, the placement of a narrower channel within a wider channel seems to be a corner case that only applies to a few operators/deployments in the FDD bands which use the 100kHz “legacy” raster. This approach would minimize the UE changes and lead to a faster adoption of this feature.
Proposal 3: The channel raster changes(additions of new channel raster entries) should be based on operator requests and not apply generically to all bands.
The specification changes required by Approach 1 in [1] are trivial, only the granularity of the channel raster entries in the corresponding tables (Table 5.4.2.3-1 of TS 38.101-1) needs to be modified. The changes are shown in the Annex based on proposal 1 (Option 3). For the other options, the step size has to be modified accordingly.
No new channel raster entries (Approach 2 in [2])
Multiple options are listed in the WF under this approach, however, they all suffer from some fundamental issues as already explained in [2]. The RAN4 specifications are very clear that the RF requirements apply based on the condition that the channel(for both UE and BS) are placed on a valid channel raster entry given in Table 5.4.2.3-1 of TS 38.101-1 or -2. An “off raster” placement will violate one of the basic principles of the RAN4 specifications under which the requirements apply. Also, for testing of the UE RF requirements, the channel raster position is needed to enable the placement of the actual Tx/Rx bandwidth. 
Observation 1: UE/gNB RF requirements apply based on the condition that the channel is placed on a valid channel raster entry. 
Observation 2: “Offraster” placement would violate one of the basic principles of the RAN4 requirements.
Another argument used in the previous meetings to justify the channel placement “offraster” was that this is enabled by the RRC specifications (TS 38.331). Different 3GPP specifications work together, only one of the specifications cannot be used just by itself. The RRC specifications allows the configuration of many parameters in many different ways, however, this does not mean that all configurations have to be supported in the RAN4 specifications(or other specs). For example, the RRC signaling allows the configuration of intra-band “overlapping” CA, however, this is not supported by the RAN4 specification. 
Observation 3: The RRC specifications (TS 38.331) do not “supersede” the RAN4 specifications. Not any possible RRC parameter configuration is defined/supported by the RAN4 specifications.
Furthermore, from a UE designer point of view, the reference for design and requirement compliance is the RAN4 specifications. If any configuration is allowed based on what the signaling allows, it would be very difficult to understand what is the actual set of valid frequencies on which a channel can be configured. Such an approach will also create forward/backward compatibility issues if the NR-ARFCN granularity or the signaling of the channel placement/configuration is modified/extended in the future.
Observation 4: Allowing any channel placement that is enabled by the currently defined signaling will create design/testing issues and could lead to forward/backward compatibility problems in the future.
Conclusion
In this paper we analyzed the channel raster enhancement options. We made the following proposals and observations:
Proposal 1: Introduce new channel raster entries with 50kHz granularity.
Proposal 2: The new channel raster entries should be specified for both UE and base station.
Proposal 3: The channel raster changes(additions of new channel raster entries) should be based on operator requests and not apply generically to all bands.
Observation 1: UE/gNB RF requirements apply based on the condition that the channel is placed on a valid channel raster entry. 
Observation 2: “Offraster” placement would violate one of the basic principles of the RAN4 requirements.
Observation 3: The RRC specifications (TS 38.331) do not “supersede” the RAN4 specifications. Not any possible RRC parameter configuration is defined/supported by the RAN4 specifications.
Observation 4: Allowing any channel placement that is enabled by the currently defined signaling will create design/testing issues and could lead to forward/backward compatibility problems in the future.
The specification changes required by Approach 1 in [1] are trivial, only the granularity of the channel raster entries in the corresponding tables (Table 5.4.2.3-1 of TS 38.101-1) needs to be modified. The changes are shown in the Annex based on proposal 1 (Option 3). For the other options, the step size has to be modified accordingly.
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Annex
Specification changes needed to enable 50kHz channel raster granularity (Option 3)for Bands n1,n2,n3,n5,n7. Different channel raster granularity can be enable with a corresponding step size. Support for each band is indicated through Note 5. 

[bookmark: _Toc21344212][bookmark: _Toc29801696][bookmark: _Toc29802120][bookmark: _Toc29802745][bookmark: _Toc36107487][bookmark: _Toc37251246][bookmark: _Toc45888035][bookmark: _Toc45888634][bookmark: _Toc61367274][bookmark: _Toc61372657][bookmark: _Toc68230597][bookmark: _Toc69084010][bookmark: _Toc75467017][bookmark: _Toc76509039][bookmark: _Toc76718029][bookmark: _Toc83580339][bookmark: _Toc84404848][bookmark: _Toc84413457]5.4.2.3	Channel raster entries for each operating band
The RF channel positions on the channel raster in each NR operating band are given through the applicable NR-ARFCN in Table 5.4.2.3‑1, using the channel raster to resource element mapping in clause 5.4.2.2.
[bookmark: _Hlk499903272]For NR operating bands with 100 kHz channel raster, ΔFRaster = 20 × ΔFGlobal. In this case every 20th NR-ARFCN within the operating band are applicable for the channel raster within the operating band and the step size for the channel raster in Table 5.4.2.3‑1 is given as <20>.
For NR operating bands with 100 kHz channel raster, ΔFRaster = 10 × ΔFGlobal is supported if the UE is capable of  “enhancedChannelRasterSupport-rel18”. In this case every 10th NR-ARFCN within the operating band are applicable for the channel raster within the operating band and the step size for the channel raster in Table 5.4.2.3‑1 is <10>.
For NR operating bands with 15 kHz channel raster below 3GHz, ΔFRaster = I × ΔFGlobal, where I ϵ {3,6}. Every Ith NR‑ARFCN within the operating band are applicable for the channel raster within the operating band and the step size for the channel raster in Table 5.4.2.3‑1 is given as < I >.
For NR operating bands with 15 kHz channel raster above 3GHz, ΔFRaster = I × ΔFGlobal, where I ϵ {1,2}. Every Ith  NR‑ARFCN within the operating band are applicable for the channel raster within the operating band and the step size for the channel raster in table 5.4.2.3-1 is given as <I>.
In frequency bands with two or more ΔFRaster, the higher ΔFRaster: For 15 kHz and 30 kHz channel raster applies to channels using only the SCS that is equal to or larger than the higher ΔFRaster and SSB SCS is equal to the higher ∆FRaster.
Table 5.4.2.3-1: Applicable NR-ARFCN per operating band
	NR operating band
	ΔFRaster
(kHz) 
	Uplink
Range of NREF
(First – <Step size> – Last)
	Downlink
Range of NREF
(First – <Step size> – Last)

	n15
	100
	384000 – <20> – 396000
	422000 – <20> – 434000

	n25
	100
	370000 – <20> – 382000
	386000 – <20> – 398000

	n35
	100
	342000 – <20> – 357000
	361000 – <20> – 376000

	n55
	100
	164800 – <20> – 169800
	173800 – <20> – 178800

	n75
	100
	500000 – <20> – 514000
	524000 – <20> – 538000

	n8
	100
	176000 – <20> – 183000
	185000 – <20> – 192000

	n12
	100
	139800 – <20> – 143200
	145800 – <20> – 149200

	n13
	100
	155400 – <20> – 157400
	149200 – <20> – 151200

	n14
	100
	157600 – <20> – 159600
	151600 – <20> – 153600

	n18
	100
	163000 – <20> – 166000
	172000 – <20> – 175000

	n20
	100
	166400 – <20> – 172400
	158200 – <20> – 164200

	n24
	100
	325300 – <20> – 332100
	305000 – <20> – 311800

	n25
	100
	370000 – <20> – 383000
	386000 – <20> – 399000

	n26
	100
	162800 – <20> – 169800
	171800 – <20> – 178800

	n28
	100
	140600 – <20> – 149600
	151600 – <20> – 160600

	n29
	100
	N/A
	143400 – <20> – 145600

	n30
	100
	461000 – <20> – 463000
	470000 – <20> – 472000

	n34
	100
	402000 – <20> – 405000
	402000 – <20> – 405000

	n38
	100
	514000 – <20> – 524000
	514000 – <20> – 524000

	n39
	100
	376000 – <20> – 384000
	376000 – <20> – 384000

	n40
	100
	460000 – <20> – 480000
	460000 – <20> – 480000

	n41
	15
	499200 – <3> – 537999
	499200 – <3> – 537999

	
	30
	499200 – <6> – 537996
	499200 – <6> – 537996

	n462
	15
	743334 – <1> – 795000
	743334 – <1> – 795000

	n47
	15
	790334 – <1> – 795000
	790334 – <1> – 795000

	n48
	15
	636667 – <1> – 646666
	636667 – <1> – 646666

	
	30
	636668 – <2> – 646666
	636668 – <2> – 646666

	n50
	100
	286400 – <20> – 303400
	286400 – <20> – 303400

	n51
	100
	285400 – <20> – 286400
	285400 – <20> – 286400

	n53
	100
	496700 – <20> – 499000
	496700 – <20> – 499000

	n54
	100
	334000 – <20> – 335000
	334000 – <20> – 335000

	n65
	100
	384000 – <20> – 402000
	422000 – <20> – 440000

	n66
	100
	342000 – <20> – 356000
	422000 – <20> – 440000

	n67
	100
	N/A
	147600 – <20> – 151600

	n70
	100
	339000 – <20> – 342000
	399000 – <20> – 404000

	n71
	100
	132600 – <20> – 139600
	123400 – <20> – 130400

	n74
	100
	285400 – <20> – 294000
	295000 – <20> – 303600

	n75
	100
	N/A
	286400 – <20> – 303400

	n76
	100
	N/A
	285400 – <20> – 286400

	n77
	15
	620000 – <1> – 680000
	620000 – <1> – 680000

	
	30
	620000 – <2> – 680000
	620000 – <2> – 680000

	n78
	15
	620000 – <1> – 653333
	620000 – <1> – 653333

	
	30
	620000 – <2> – 653332
	620000 – <2> – 653332

	n79
	15
	693334 – <1> – 733333
	693334 – <1> – 733333

	
	30
	693334 – <2> – 733332
	693334 – <2> – 733332

	n80
	100
	342000 – <20> – 357000
	N/A

	n81
	100
	176000 – <20> – 183000
	N/A

	n82
	100
	166400 – <20> – 172400 
	N/A

	n83
	100
	140600 – <20> –149600
	N/A

	n84
	100
	384000 – <20> – 396000
	N/A

	n85
	100
	139600 – <20> – 143200
	145600 – <20> – 149200

	n86
	100
	342000 – <20> – 356000
	N/A

	n89
	100
	164800 – <20> – 169800
	N/A

	n90
	15
	499200 – <3> – 537999
	499200 – <3> – 537999

	
	30
	499200 – <6> – 537996
	499200 – <6> – 537996

	
	100
	499200 – <20> – 538000
	499200 – <20> – 538000

	n91
	100
	166400 – <20> – 172400
	285400 – <20> – 286400

	n92
	100
	166400 – <20> – 172400
	286400 – <20> – 303400

	n93
	100
	176000 – <20> – 183000
	285400 – <20> – 286400

	n94
	100
	176000 – <20> – 183000
	286400 – <20> – 303400

	n95
	100
	402000 – <20> – 405000
	N/A

	n963
	15
	795000 – <1> – 875000
	795000 – <1> – 875000

	n97
	100
	460000 – <20> – 480000
	N/A

	n98
	100
	376000 – <20> – 384000
	N/A

	n99
	100
	325300 – <20> – 332100
	N/A

	n100
	100
	174880 – <20> – 176000
	183880 – <20> – 185000

	n101
	100
	380000 – <20> – 382000
	380000 – <20> – 382000

	n1024
	15
	795000 – <1> – 828333
	795000 – <1> – 828333

	n104
	15
	828334 – <1> – 875000
	828334 – <1> – 875000

	
	30
	828334 – <2> – 875000
	828334 – <2> – 875000

	n105
	100
	132600 – <20> – 140600
	122400 – <20> – 130400

	NOTE 1:	The channel numbers that designate carrier frequencies so close to the operating band edges that the carrier extends beyond the operating band edge shall not be used.
NOTE 2:	The following NREF are allowed for operation in Band n46: see Table 5.4.2.3-2.
NOTE 3:	The following NREF are allowed for operation in Band n96: see Table 5.4.2.3-3.
NOTE 4:	The following NREF are allowed for operation in Band n102: see Table 5.4.2.3-4.
NOTE 5:	The band supports the enhanced channel raster with step size <10>.
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