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1 Introduction
A way forward was agreed in [1] at the last meeting, in which the agreements are:
· BS channel bandwidths to be requested within REL-15 is limited to a subset of those that equal a sum of component UE CBW (e.g. 10+15=25, 20+50=70) for sub-6GHz
· Base Station CBWs targeted for 1st version of NR specs (Dec-17)
· For LTE refarming bands: 5, 10, 15, 20, 25 MHz (25 MHz only for Band 3 and 70)
· For new NR bands: 10, 15, 20, [30], 40, 50, 60, [70], 80, [90], 100MHz for sub-6GHz
· The Base Station is not required to support all specified BWs
· By RAN4#84bis, analyse the impact & complexity of specifying/implementing BWs in [] above, compared to relying on intra-band contiguous BW CA of other CBWs to cover them. Also analyse which requirements are really impacted by CBW, and required 3GPP or regulatory compliance. If adding the CBWs in [] not agreed by RAN4#84bis, RAN4 can only reconsider adding them after Dec-2017
· For 1st version of NR specs, identify Base Station Tx/Rx requirements in a BW independent/scalable manner
· Aim to capture as many requirements as possible within the above set
· Specify these requirements, noting that these requirements bandwidth independent or scaled, together with all other RAN4 requirements
· For BS requirements that cannot be BW-independent/scalable, then by RAN4#86:
· Identify a process by which such requirements and tests for additional CBWs can be specified efficiently and rapidly based on operator request
· Ensure that introduction of new BS CBWs in future releases will not have any consequences on Rel-15 (or legacy) UEs
According to the WF, some new CBWs were added as the target for 1st version of NR specs comparing the CBW set of UE, and the Tx/Rx requirements should be identified independent or dependent manner with the BW.  When the new CBWs are introduced, the spectrum utilization should be defined first. However, it has discussed that it is un-realistic to evaluate the feasible spectrum utilization for all the new introduced CBW, instead some other methods such as mathematical interpolation methods will be applied. 
In this contribution, we provide a new mathematical method to deduce the spectrum utilization for the new introduced CBWs, and also some discussion are given on the Tx/Rx requirements BW independent or dependent manner.
2 Discussion

2.1 Spectrum utilization

The spectrum utilization had been discussed for a long time in RAN4, although the results were compromised among the companies for several times, the WF[2] on spectrum utilization was agreed in the last meeting. As mentioned in [3], if RAN4 introduce flexible BS CBW, the number of possible CBW becomes close to infinity. It is un-realistic to evaluate the feasible spectrum utilization for all CBW. Some mathematical methods such as interpolation methods may be raised to deduce the spectrum utilization for the new BS CBWs, such as the [30], [70] and [90] MHz proposed in the WF[1], where the BS channel bandwidths to be requested within REL-15 is limited to a subset of those that equal a sum of component UE CBW (e.g. 10+15=25, 20+50=70) for sub-6GHz. .
We summarize the agreed spectrum utilization for each channel bandwidth in table 1, where the spectrum utilization percentages are included.  
Table 1. Spectrum utilizations for sub-6GHz CBWs
	SCS

[kHz]
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

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

	%
	90.0%
	93.6%
	94.8%
	95.4%
	95.76%
	97.2%
	97.2%
	
	
	

	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	%
	79.2%
	86.4%
	91.2%
	91.8%
	93.6%
	95.4%
	95.76%
	97.2%
	97.65%
	98.28%

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

	%
	
	79.2%
	86.4%
	86.4%
	89.28%
	91.8%
	93.6%
	94.8%
	96.3%
	97.2%


As seen in table 1, the Spectrum Utilization Percentage (SUP) is monotone increasing as the CBW increases. It is reasonable that the spectrum utilization percentages for the new CBW also obey this rule. From our understanding, if we want to deduce the spectrum utilization for the new BS CBWs from mathematical methods instead of evaluation, the following two points should be considered on top of the emission requirements are met:

1. The SUP is monotone increasing as the CBW increases.

2. The configured RB number should be integer.
It is no doubt that the point 2 must be met. However, due to the NRB = CBW*SUP, the result of NRB may not be integer. In this case, some functions such as floor (.) or round (.) are needed to guarantee the NRB is integer. Consequently SUP may be decreased, which mean the above two points may not always be met at the same time.
In the last meeting, three interpolation methods were mentioned in [3]:
a) linear complementarity
b) take smaller percentage between points (ex. 94.8% for 60MHz <= CBW < 80MHz)

c) take larger percentage between points (ex. 96.3% for 60MHz < CBW <= 80MHz)

Where the method b) was proposed. However, it cannot guarantee the configured RB number is integer based on method b).  For example, the new BS CBW is 70MHz with 60kHz SCS, when we take method b) as above, the SUP is taken as the same of the 60MHz, which is 94.8%. The transmission bandwidth configuration is 66.36MHz which give 92.2RBs. It is impossible to configure non-integer RB number in a specific channel bandwidth. 
In this paper, we propose another method to deduce the spectrum utilization for the new BS CBW, which can be described as follow:  
1. Select the two CBW points nearest to the CBWx as the interpolation points
2. Calculate the ∆= [SUP2- SUP1]/[CBW2-CBW1]* (CBWx-CBW1)
3. SUPx = SUP1 +∆ 
4. NRBx= floor(CBWx*SUPx/(SCS*12))
Where the CBWx is the new introduced CBW, and the corresponding spectrum utilization (percentage) is NRBx (SUPx), the two points nearest to CBWx are assumed to CBW2 and CBW1, and the corresponding spectrum utilization percentages are SUP2 and SUP1, respectively. The relationship between the CBWs are CBW2> CBWx>CBW1, for example CBWx=30MHz, the two points nearest to 30MHz are 40MHz and 25MHz according to table 1, thus the CBW2 = 40MHz and CBW1= 25MHz.
It can be seen that ∆ is 0 when SUP1=SUP2, which means the SUP1 = SUPx=SUP2. The step 4 is to guarantee the RB number in integer. We take the BS CBWs of 30, 70 and 90 MHz for example, the spectrum utilizations (NRBx) are calculated in the table 2 by using the above methods.       
Table 2. Calculated results for BS CBW of 30, 70 and 90 MHz  
	
	30MHz
	70MHz
	90MHz

	SCS
	15kHz
	30kHz
	60kHz
	30kHz
	60kHz
	30kHz
	60kHz

	[CBW2, CBW1] (MHz)
	[40, 25]
	[40, 25]
	[40, 25]
	[60,80]
	[60,80]
	[80,100]
	[80,100]

	[SUP2, SUP1]
	[97.2%,

95.76%]
	[95.4%,

93.6%]
	[91.8%,

89.28%]
	[97.65%,

97.2%]
	[96.3%,

94.8%]
	[98.28%,

97.65%]
	[97.2%,

96.3%]

	∆
	0.48%
	0.60%
	0.84%
	0.23%
	0.75%
	0.31%
	0.45%

	SUPx
	96.24%
	94.20%
	90.12%
	97.43%
	95.55%
	97.97%
	96.75%

	NRBx
	160
	78
	37
	189
	92
	244
	120


2.2 Impact on the RF requirement

There were some contributions gave the analysis on the impaction on the RF requirements when some new channel bandwidths are introduced. Similar as E-UTRA specification, the NR BS RF requirements can also be divided into minimum requirements and additional (or regional) requirements. The Tx/Rx conductive requirements defined explicit or implicit relate to channel bandwidth can be foreseen, which listed as follow:
· BS output power 
· The minimum requirements are BW independent
· The additional minimum requirements (if any) are explicit BW dependent.
· Total power dynamic range
· The minimum requirements are explicit BW dependent. It can be foreseen that the same principle of E-UTRA (i.e. 10log (NRB)) can be applicable for NR, so it is easy to define for the new channel bandwidth when the SU of the new CBW are defined. 
· ON/OFF power

· Although the mean power measured with a square filter of bandwidth equal to the transmission bandwidth configuration of the BS (BWConfig), in which the BWConfig are explicit BW dependent,  it can be foreseen that it is easy to define for the new channel bandwidth since the minimum requirements are applicable for all of the channel bandwidths.
· OBW
· Although the minimum requirements are implicit BW dependent, it can be foreseen that it is easy to define for the new channel bandwidth since the minimum requirements are defined as less than the channel bandwidth regardless of the channel bandwidth.
· The regional requirements are mainly band dependent
· ACLR
· Although the minimum requirements are explicit BW dependent, since the limit value (i.e. 45dB) is applicable for each channel bandwidth, it can be foreseen that it is easy to define for the new channel bandwidth when the SU of the new CBW (impacts on the adjacent measurement filter channel) are defined. 
· UEM
· The minimum requirements are explicit BW dependent, it can be foreseen that it is easy to define for the new channel bandwidth since the limit values are the same for the channel bandwidth larger than 5MHz.

· The additional requirements are explicit BW dependent. It needs some further studies to define the additional requirements for the specific channel bandwidths.
· Receiver requirements such as REFSEN, dynamic range, ACS/blocking
· The REFSEN minimum requirements for are explicit BW dependent. It seems there is no agreements on the granularity, thus it needs some further studies for each channel bandwidth.
· The dynamic range requirement is the same issue as EARFCN

·  ACS/blocking requirements are also related to REFSEN, in addition, the interfering signal offset to the wanted carrier is also based on the channel bandwidth.
Except for the minimum requirements, the conformance test will also be impacted, since lots of the test parameters such as test models are band dependent. The conformance test for each RF requirements should be carried out for each channel bandwidth. More channel bandwidth introduction, more test will be needed.
3 Conclusion

The proposal and observation are summarized as following:

Proposal. A mathematical method is proposed to deduce the spectrum utilization for the new CBW (i.e. CBWx in the follow) based on the agreed spectrum utilization, which is described as:

1. Select the two CBW points nearest to the CBWx as the interpolation points (i.e. CBW2 and CBW1)
2. Calculate the ∆= [SUP2- SUP1]/[CBW2 - CBW1]* (CBWx - CBW1)

3. SUPx = SUP1 +∆ 

4. NRBx= floor(CBWx*SUPx/(SCS*12))

Observation 1. For the conductive Tx requirements which are channel bandwidth dependent, such as ON/OFF power, OBW and ACLR/UEM requirements, when the new channel bandwidth are introduced, it can be foreseen that the minimum requirements are easy to define. But for additional/regional requirements, some further studies are needed.
Observation 2. For conductive Rx requirements, since almost all of the Rx requirements are defined based on the REFSEN, when the new channel bandwidth are introduced, the REFSEN requirements need to be defined first for each channel bandwidth and some further studies are needed such as the granularity, SNR, etc.  In addition, the interfering signal offset to the wanted carrier is also based on the channel bandwidth.

Observation 3. For conformance test, the test for each RF requirements should be carried out for each channel bandwidth. More channel bandwidth introduced, more test will be needed.
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