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Introduction
In RAN4#92b meeting, the introduction of a brand new channel bandwidth of 35 MHz for Band n25 [1] which was discussed in [4] and resulted in a more generic discussion about how these “brand new” channel bandwidths should be handled in RAN4. This discussion resulted in two separate way forwards [2, 3]. In this contribution we make proposals for a generic approach to derive Spectrum Utilization (SU) for new channel bandwidths. We also discuss different alternatives for new channel bandwidth support on the UE side.
Discussion
The n25 WI [1] makes a request for support of current LTE channel bandwidths of 5, 10, 15, 20 MHz and additional requests for support of 25, 30, 35, and 40 MHz, out of which, the 35 MHz case is a new channel bandwidth. This has been discussed in [4, 5]. In [6], support for 13 MHz in n28 and 95 MHz in n41 are discussed. Furthermore, 7 MHz in Band n26 has been discussed. In the following sections, we will discuss how some of the technical aspects like SU can be covered and which alternatives may be studied to introduce the new spectrum BW in the specifications.
Deriving SU for New FR1 Channel Bandwidths
One of the key aspects to be agreed upon for a new channel bandwidth is the spectrum utilization in number of RBs for the different SCS. In Release 15, the SU that has been adopted (reproduced in Table 1 with addition of 70 MHz case from BS side in grey) has been the result of compromises between multiple companies input and thus does not really follow any regular pattern.
Table 1: SU for current Release 16 channel bandwidths
	
	FR1Channel BW [MHz]

	SCS [kHz]
	5
	10
	15
	20
	25
	30
	40
	50
	60
	70
	80
	90
	100

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	189
	217
	245
	273

	60
	N.A
	11
	18
	24
	31
	38
	51
	65
	79
	93
	107
	121
	135



We can observe that sometimes the SU for 2x channel BW at 2x SCS is the same or not, for example, SU for:
· 10 MHz 15 kHz SCS (52) ≠ 20 MHz 30 kHz SCS (51) = 40 MHz 60 kHz SCS (51) yellow highlight
· 20 MHz 15 kHz SCS (106) = 40 MHz 30 kHz SCS (106) ≠ 80 MHz 60 kHz SCS (107) cyan highlight
· 25 MHz 15 kHz SCS (133) = 50 MHz 30 kHz SCS (133) ≠ 100 MHz 60 kHz SCS (135) pink highlight
· Other cases are highlighted with other colors
When comparing SU for 2x SCS vs lower SCS/2: (higher SCS SU) = (lower SCS SU/2) – (3 or 4)

This also results in guard bands that do not follow any regular progression. In general, the minimum guard band increases from 5 to 50 MHz and then decreases slowly toward 100 MHz channel bandwidth. If some fluctuation can be explained for 30 kHz and 60 kHz by the RB alignment rule (yellow highlights) it is not the case for 15 kHz SCS at 30 MHz channel bandwidth (red highlight). It is also clear that guard-band for 30 kHz SCS and 60 MHz channel bandwidth is an outlier (cyan highlight).
Table 2: Minimum guard-band versus channel bandwidths and SCS
	
	FR1Channel BW [MHz]

	SCS [kHz]
	5
	10
	15
	20
	25
	30
	40
	50
	60
	70
	80
	90
	100

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	0.2425
	0.3125
	0.3825
	0.4525
	0.5225
	0.5925
	0.5525
	0.6925
	NA
	NA
	NA
	NA
	NA

	30
	0.505
	0.665
	0.645
	0.805
	0.785
	0.945
	0.905
	1.045
	0.825
	0.965
	0.925
	0.885
	0.845

	60
	NA
	1.010
	0.990
	1.330
	1.310
	1.290
	1.610
	1.570
	1.530
	1.490
	1.450
	1.410
	1.370



Given the observations above, there is no technically sound way to determine SU for new channel bandwidth based on a formula using the current SU or guard bands. For example, it is not clear that we can use 70 MHz / 30 kHz SU for 35 MHz / 15 kHz SU.

To try a more empirical approach, a linear fit of SU is shown in Figure 1 with associated coefficients for the linear curve.

[image: ]
Figure 1: 15, 30, 60 kHz SCS SU versus channel bandwidth and linear fit curves
At a first glance, the linear fit seems very good but in Table 4 we show the residual error for the existing SU using linear fit coefficients in Table 3. In green the fit is perfect; in yellow the fit is pessimistic by 1 RB while in orange the fit is optimistic by one RB.
Table 3: Linear fit coefficients for SU
	SCS [kHz]
	15
	30
	60

	A1
	5.4509
	2.7619
	1.3788

	A0
	-2.7399
	-3.9468
	-3.3747



Table 4: Comparison of specified SU versus its linear fit
	SCS [kHz]
	15
	30
	60
	15
	30
	60
	15
	30
	60

	BW [MHz]
	Specification
	Rounded linear fit
	Error

	5
	25
	11
	
	25
	10
	
	0
	1
	 

	10
	52
	24
	11
	52
	24
	10
	0
	0
	1

	15
	79
	38
	18
	79
	37
	17
	0
	1
	1

	20
	106
	51
	24
	106
	51
	24
	0
	0
	0

	25
	133
	65
	31
	134
	65
	31
	-1
	0
	0

	30
	160
	78
	38
	161
	79
	38
	-1
	-1
	0

	40
	216
	106
	51
	215
	107
	52
	1
	-1
	-1

	50
	270
	133
	65
	270
	134
	66
	0
	-1
	-1

	60
	
	162
	79
	
	162
	79
	 
	0
	0

	70
	
	189
	93
	
	189
	93
	 
	0
	0

	80
	
	217
	107
	
	217
	107
	 
	0
	0

	90
	
	245
	121
	
	245
	121
	 
	0
	0

	100
	
	273
	135
	
	272
	135
	 
	1
	0



It can be observed that the linear fit is optimistic for the region between 25 MHz and 50 MHz and thus the rounded result should be corrected by one less RB accordingly. Otherwise, the linear fit provides a good approach that can be used systematically without the need to run emission and EVM simulations for every new channel bandwidth. Further correcting by one less RB when needed insures a conservative approach.
Proposal for SU of new FR1 channel bandwidth:
· Use linear fit with coefficients from Table 3 to derive SU for new channel bandwidth between 5 MHz and 100 MHz
· Correct resulting RB value with one less RB for channel BW between 25 MHz and 50 MHz:
· -1RB for 15kHz SCS for 25-40 MHz
· -1RB for 30kHz SCS for 30-50 MHz 
· -1RB for 60kHz SCS for 40-50 MHz
Alternatives for New FR1 Spectrum Support
Current FR1 channel BW supported by Release 16 UEs support every 5 MHz up to 30 MHz and every 10 MHz up to 100 MHz. This is already a fairly good granularity for spectrum support since bands < 2 GHz tend to have 5 MHz blocks and smaller spectrum available to a single operator while higher bands use 10 MHz blocks. Still some exception in some bands or regions/markets exist and, if RAN4 must allow spectrum to be used efficiently, it does not necessarily mean that this should be introduced as generic (every band) and mandatory support on the UE side.
Beyond deriving the needed SU which we have covered in previous section, adding new channel bandwidths for the UE results in:
· Larger and larger tables in the spec
· Need for REFSENS and MSD studies for the band where the new bandwidth is introduced in DL
· Need for MPR/A-MPR studies for the band where the new bandwidth is introduced in UL
· Once introduced as a generic UE channel bandwidth:
· Ripple effect on other bands wanting to support this channel BW
· Ripple effect on CA, ENDC combinations wanting to support this channel BW
On the other end, operators must find a way to use efficiently their spectrum and meet regulatory requirements.
A balance between UE complexity and test cost and very specific regional/market demand support must be found. For these reasons, it is worth to examine a few alternatives for introducing (or not) the new channel bandwidths on the UE side. For the BS side it is clear that the new bandwidth must be added but may be in a band specific manner. Below is a list (probably not exhaustive) of possible ways to support new channel bandwidth on the UE side and the related advantage/inconvenience, some of those approaches have already been discussed in [4, 5, 6].
1. Use DL CA only
+ Full spectrum used by BS and UE
+ No new BS/UE channel BW, assume single UL
+ Can be release independent
		- Slight reduction in SU (~1% and may be mitigated with reduced inter CC guard band)
- Does not support irregular BW (7MHz, 13MHz…)
=> Should be seen as the default and reference
2. Introduce new channel BW in BS only and UE supports with existing channel BW below 
+ Full spectrum used by BS
+ No new UE channel BW
+ supported by legacy UEs
		- Max DL data rate not achieved
- May not 
		=> Similar to DSS approach, should be fully flexible
3. Introduce new channel BW in BS only and UE supports DL with overlapping CA. 
+ Full spectrum used by BS
+ Full spectrum used by UE in DL
+ No new UE channel BW
=> May still require more specification work
4. Introduce new channel BW in BS only and UE supports with next higher channel BW and reduced RBs. 
+ Full spectrum used by BS
+ Full spectrum used by UE
+ No new UE channel BW
+ Can be release independent
- Regulatory requirement in UL (is IBE sufficient? How to provide RBs to be used in regulatory test?)
=> Solution is uncertain
5. Introduce new channel BW in BS only and UE supports new BW in DL only and uses asymmetric UL/DL channel BW with existing channel BW in UL
+ Full spectrum used by BS
+ Full spectrum used by UE in DL
+ No need for MPR/AMPR in UL, only REFSENS in DL (including potential MSD)
- Ripple effect to over bands and CA/DC
- Not release independent
=> Should fulfill most of the operator need as UL data-rate is not critical
6. Introduce any new channel BW in BS and UE
+ Full spectrum used by BS and UE
- REFSENS in DL (including potential MSD), MPR/AMPR in UL
- Ripple effect to over bands and CA/DC
- Not release independent
=> The Pandora’s box: RAN4 work for the decades to come, should move specification to Excel

Given the benefit/inconvenient profile, when new channel bandwidth is requested we propose that RAN 4 studies the following alternatives, starting with 35 MHz channel bandwidth in n25:

Proposal on studies for new channel bandwidth introductions:
· Alternatives with minimum specification impact are studied first:
· Use DL CA only when possible and negligible SU impact
· Introduce new channel BW in BS only and UE supports with existing channel BW below 
· Introduce new channel BW in BS only and UE supports new BW in DL only and uses asymmetric UL/DL channel BW with existing channel BW in UL
· Generic (i.e. valid across all bands) new channel BW below 100 MHz are only introduced exceptionally in the UE specification
· If introduced in UE specification, band or frequency range specific introduction is discussed
Comparing UE Mode of Operation
Based on the proposal for SU from 2.1 and mapping for new channel bandwidths that have been discussed, a comparison of the different UE support discussed in 2.2 is provided in Table 5.
Table 5: Comparison of SU for different UE support
	Spectrum
	7MHz@15kHz
	13MHz@15kHz
	35MHz@15kHz
	95MHz@30kHz

	Support via
	5 MHz
	7 
MHz
	10
MHz
	13 
MHz 
	15+20 MHz CA
	30
MHz
	35
MHz
	80+15
MHz CA
	90
MHz
	95
MHz

	SU #RB
	25
	35
	52
	68
	185
	160
	187
	255
	245
	258

	SU [%]
	64.3%
	90.0%
	72.0%
	94.2%
	95.1%
	82.3%
	96.2%
	96.6%
	92.8%
	97.8%



Observations for new bandwidths: 
· It can be seen from the above that, when feasible the SU in CA mode is only reduced by approximately 1% compared to a dedicated channel bandwidth.
· In the case where UE would use the immediately lower BW, UE bandwidth loss is not significant at large bandwidths.
Conclusions
In this contribution, we discuss how to derive spectrum utilization for new channel bandwidths. We also discuss different alternatives to support new spectrum bandwidths on the UE side. These allowed the following proposals.

Proposal for SU of new channel bandwidth:
· Use linear fit with coefficients from Table 3 to derive SU for new channel bandwidth between 5 MHz and 100 MHz
· Correct resulting RB value with one less RB for channel BW between 25 MHz and 50 MHz:
· -1RB for 15 kHz SCS for 25-40 MHz
· -1RB for 30 kHz SCS for 30-50 MHz 
· -1RB for 60 kHz SCS for 40-50 MHz
Table 3: Linear fit coefficients for SU
	SCS [kHz]
	15
	30
	60

	A1
	5.4509
	2.7619
	1.3788

	A0
	-2.7399
	-3.9468
	-3.3747



Proposal on studies for new channel bandwidth introductions:
· Alternatives with minimum specification impact are studied first:
· Use DL CA only when possible and negligible SU impact
· Introduce new channel BW in BS only and UE supports with existing channel BW below 
· Introduce new channel BW in BS only and UE supports new BW in DL only and uses asymmetric UL/DL channel BW with existing channel BW in UL
· Generic (i.e. valid across all bands) new channel BW below 100 MHz are only introduced exceptionally in the UE specification
· If introduced in UE specification, band or frequency range specific introduction is discussed

Observations for new bandwidths: 
· It can be seen from the above that, when feasible the SU in CA mode is only reduced by approximately 1% compared to a dedicated channel bandwidth.
· In the case where UE would use the immediately lower BW, UE bandwidth loss is not significant at large bandwidths.
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