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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, for which at the end RAN WG4 concluded that a new 10kHz raster will be introduced as an explicit channel raster for both UE and gNB. In this discussion paper we consider several options on how the enhanced channel raster can be captured in the existing specifications.  

2	Specification aspects of enhanced channel raster 
2.1	UE side
Referring to TS 38.101-1, there is a table summarising applicable channel raster points (see Appendix A), where for every band the table specifies the starting and the ending point, and the step size. Thus, if the intention is to enable a more granular channel raster of 10kHz, then the easiest way is that the corresponding band step size is changed to 2 and raster is changed 10kHz. Table 2.1-1 below shows an example when for instance band n1 remains unchanged, but bands n5, n12, n26, n28, n29, n85 (as captured in TR 38.844) will have enhanced channel raster of 10kHz. 
Table 2.1-1: Exemplary modifications to the channel raster table to enable 10kHz raster.
	NR operating band
	ΔFRaster
(kHz) 
	Uplink
Range of NREF
(First – <Step size> – Last)
	Downlink
Range of NREF
(First – <Step size> – Last)

	n1
	100
	384000 – <20> – 396000
	422000 – <20> – 434000

	n5
	10
	164800 – <2> – 169800
	173800 – <2> – 178800

	n12
	10
	139800 – <2> – 143200
	145800 – <2> – 149200

	n26
	10
	162800 – <2> – 169800
	171800 – <2> – 178800

	n28
	10
	140600 – <2> – 149600
	151600 – <2> – 160600

	n85
	10
	139600 – <2> – 143200
	145600 – <2> – 149200



Observation 1a:	The simplest approach for introduction of the enhanced channel raster is to modify raster and step size for the corresponding bands.
Even though example in Table 2.1-1 is one of the simplest approaches requiring minimal changes to the specifications, it has several hidden issues. The main problem is that from the viewpoint of the enhanced channel raster feature, there will be several classes of bands:
a)	Legacy bands that have 100kHz raster and which do not need enhanced channel raster because there are no operator requests to enable a more granular raster.
b)	Legacy bands that have 100kHz raster, for which an operator requests to enable a more granular raster of 10kHz. As already discussed by RAN WG4, 10kHz will be obviously optional for earlier releases, i.e. 100kHz will be the only mandatory raster at least for earlier releases.
c)	Legacy bands that have 100kHz raster, for which an operator requests to enable a more granular raster of 10kHz that becomes mandatory starting from a certain release X. In other words, 100kHz is the only mandatory raster before release X, and only starting from release X also the 10kHz raster becomes the mandatory one.
d)	A completely new band, which can be agreed to have the enhanced raster of 10kHz from the moment when it is introduced to the specifications.
As can be seen, a simple approach fails to differentiate between different cases presented above. For instance, it will not be clear whether a certain band has 10kHz raster as a purely optional feature; and if it is mandatory, there is no way to indicate starting from which release it is mandatory. 
Observation 1b:	The simplest approach (with just modifying raster and step size) fails to capture properly whether 10kHz raster is optional or mandatory for the given band; and if it is mandatory, then starting from which release. 

To avoid any ambiguity, it is possible to consider a slightly revised version of the channel raster table as exemplified below in Table 2.1-2:
-	A new column is introduced to indicate explicitly the applicable step size, which depending on the band will be only 100kHz or both 100 and 10kHz. For a completely new band requiring enhanced channel raster the step size can be assumed to be only 10kHz. 
-	To avoid duplicating data, columns with uplink and downlink range of N_ref can refer to the corresponding step size values.
-	If needed, it is possible to add additional qualifiers to indicate whether the given raster value is mandatory or optional for the band in the given version of the specification. 

Table 2.1-2: Exemplary modifications to the channel raster table to enable 10kHz raster.
	NR operating band
	NREF Step size S (kHz)
	ΔFRaster
(S x 5kHz) 
	Uplink
Range of NREF
(First – <Step size> – Last)
	Downlink
Range of NREF
(First – <Step size> – Last)

	n1
	20
	100
	384000 – <S> – 396000
	422000 – <S> – 434000

	n5
	20, 2
	100, 10
	164800 – <S> – 169800
	173800 – <S> – 178800

	n12
	20, 2
	100, 10
	139800 – <S> – 143200
	145800 – <S> – 149200

	n26
	20, 2
	100, 10
	162800 – <S> – 169800
	171800 – <S> – 178800

	n28
	20, 2
	100, 10
	140600 – <S> – 149600
	151600 – <S> – 160600

	n85
	20, 2
	100, 10
	139600 – <S> – 143200
	145600 – <S> – 149200

	nX
	2
	10
	XXXX – <S> – YYYY
	XXXX – <S> – YYYY




[bookmark: _Toc149485155][bookmark: _Toc149590563][bookmark: _Toc149590628][bookmark: _Toc149590703][bookmark: _Toc149592302][bookmark: _Toc149592402][bookmark: _Toc149771207][bookmark: _Toc146101254][bookmark: _Toc146735657][bookmark: _Toc146737541][bookmark: _Toc146737735][bookmark: _Toc146737821][bookmark: _Toc149924905]Proposal 1:	Introduce changes to the raster table in TS 38.101-1 to indicate unambiguously which channel raster (100kHz and/or 10kHz) is applicable to a band, and whether it is mandatory or optional. 


2.2	BS side
TS 38.104 also contains the table summarising channel raster points and step size for all bands supported by the base station specifications. Following the same line of reasoning as presented in section 2.1, the channel raster table in TS 38.104 can be extended so that it specifies unambiguously which band supports the 10kHz raster.  The only major difference comparing to the UE side is that it is up to the network implementation whether to deploy 100kHz or 10kHz raster and thus there is no need to capture whether the 10kHz raster is optional or mandatory for the given band. 
Nevertheless, TS 38.104 should account whether the band and the UE supports the 10kHz raster. In other words, the network should not configure the 10kHz raster if the band does not support it; or the legacy band supports the 10kHz raster, but it is not supported by the UE.  
[bookmark: _Toc149590704][bookmark: _Toc149592303][bookmark: _Toc149592403][bookmark: _Toc149771208][bookmark: _Toc149924906]Proposal 2a:	Introduce changes to the raster table in TS 38.104 to indicate unambiguously which channel raster (100kHz and/or 10kHz) is applicable to a band. 
[bookmark: _Toc149592304][bookmark: _Toc149592404][bookmark: _Toc149771209][bookmark: _Toc149924907]Proposal 2b:	Clarify in TS 38.104 that the network should not configure the 10kHz raster if it is not supported by the band or by the UE. 

2.3	Other considerations
As a final aspect, it was agreed during the RAN4#108bis meeting that addition of the enhanced channel raster to the legacy bands will be based on the operator requests, which in turn may consider making it mandatory starting from a certain release. Since it is the question of enabling a new feature for legacy bands and even making it mandatory, there must be a clear and transparent process of making these requests so that it can be discussed properly by RAN WG4. 
[bookmark: _Toc149771210][bookmark: _Toc149924908]Proposal 3:	Introduction of the (mandatory) enhanced channel raster for the legacy band should follow the established process agreed by RAN WG4.


3	Conclusions
In this discussion paper we have presented our further considerations on the specification related aspects of the enhanced channel raster. As summarized in our paper, the easiest way to enable a more flexible raster is to specify a more granular step size in the table that specifies applicable raster points to the existing bands. However, this approach fails to capture properly whether the enhanced raster is optional or mandatory; and if it is mandatory, then starting from which release. We also suggest making similar clarifications to TS 38.104 so that it is clear for the network side whether 10kHz is configurable for the given band and a UE accounting for its capabilities.

Proposal 1:	Introduce changes to the raster table in TS 38.101-1 to indicate unambiguously which channel raster (100kHz and/or 10kHz) is applicable to a band, and whether it is mandatory or optional.
Proposal 2a:	Introduce changes to the raster table in TS 38.104 to indicate unambiguously which channel raster (100kHz and/or 10kHz) is applicable to a band.
Proposal 2b:	Clarify in TS 38.104 that the network should not configure the 10kHz raster if it is not supported by the band or by the UE.
Proposal 3:	Introduction of the (mandatory) enhanced channel raster for the legacy band should follow the established process agreed by RAN WG4.
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Appendix A: NR bands channel raster points
	NR operating band
	ΔFRaster
(kHz) 
	Uplink
Range of NREF
(First – <Step size> – Last)
	Downlink
Range of NREF
(First – <Step size> – Last)

	n1
	100
	384000 – <20> – 396000
	422000 – <20> – 434000

	n2
	100
	370000 – <20> – 382000
	386000 – <20> – 398000

	n3
	100
	342000 – <20> – 357000
	361000 – <20> – 376000

	n5
	100
	164800 – <20> – 169800
	173800 – <20> – 178800

	n7
	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.
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