3GPP TSG-RAN WG4 Meeting # 84
R4-1707601
Berlin, Germany, 21 - 24 August, 2017
Source: 
Skyworks Solutions, Inc., Nokia, Nokia Shanghai Bell
Title: 
DFT-s-OFDM Spectrum Utilization and TX BW Derived from Agreed NR SU
Agenda Item:
9.3.3
 Spectrum utilization
[NR_newRAT]
Document for:
Approval
1. Introduction
Preliminary agreement on maximum number of RB has been achieve in Spectrum Utilization way forward [1] in the last meeting. It provides maximum number of RB for CP-OFDM waveforms. This contribution further provides spectrum utilisation for DFT-s-OFDM and its full allocation position according to [2, 3]. Finally, maximum transmit bandwidth per channel is provided with guidelines for its use for ACLR measurements. 
2. Discussion
2.1. DFT-s-OFDM Spectrum Utilization and Full Allocation Position
According to agreement in [2] and similar to the LTE case, the possible number of RB for DFT-s-OFDM has to satisfy following equation, and DFT-s-OFDM spectrum utilization:
number of RB=2^X*3^Y*5^Z (equation 1)
Spectrum utilization for DFT-s-OFDM can thus be calculated according to equation 1.

This means that DFT-s-OFDM maximum RB allocation has to be the closest number to the CP-OFDM maximum RB allocation that satisfies above equation. With further simulation it has been verified that the position of the full allocation for DFT-s-OFDM within the available RBs from the CP-OFDM case has no impact on MPR if UE assumptions are as proposed in [5], it is thus proposed that DFT-s-OFDM full allocation can start at any valid position within the total number of RB based on CP-OFDM SU.  
We propose that RB numbering is based on CP-OFDM maximum number of RB from SU and that RBstart possibilities for DFT-s-OFDM partial or full allocations follows the following rules:
RBstart DFT-s-OFDM range = 0 to (CP-OFDM maxRB)–(DFT-s-OFDM #RB) (equation 2)
Proposal 1: DFT-s-OFDM RB allocation should satisfy following rules:

1. Maximum number of RB is the lowest number closest to the max CP-OFDM number of RB satisfying equation 1.
2. RBstart possibilities should follow equation 2.
2.2. SU and TX BW Tables for Sub-6GHz and Above 24GHz NR
In the following Tables 1 and 2, a series of calculations based on SU from [1] are performed for all channel bandwidths of both sub-6GHz NR (Table 1) and above 24GHz NR (Table 2).T calculations are reported in rows in the following way:
· Spectrum utilization in number of RB for CP-OFDM per SCS (input)

· Spectrum utilization in % of channel BW for CP-OFDM per SCS

· Maximum number of RB for DFT-s-OFDM per SCS according to equation 1
· Resulting DFT-s-OFDM SU for UE in % of channel BW per SCS
· Resulting DFT-s-OFDM full allocation RB positioning per SCS according to equation 2
· Maximum CP-OFDM number of RB within agreed range per SCS
· Corresponding transmit bandwidth per SCS

· Maximum transmit bandwidth

Table 1: Spectrum utilisation for CP-OFDM and DFT-s-OFDM, Transmit bandwidth for sub-6GHz NR

	Sub-6GHz
	SCS [kHz]
	5MHz
	10MHz
	15MHz
	20MHz
	25MHz
	40MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	SU_CP-OFDM
[#RB]
	15
	25
	52
	[79]
	[106]
	[133,135]
	[216]
	270
	N.A
	N.A
	N.A

	
	30
	[11]
	[24]
	[38]
	[51,52]
	[65] 
	[106]
	133
	[162]
	[217]
	[273]

	
	60
	N.A
	[11, 12]
	[18]
	[24]
	[31, 32]
	[51, 52]
	[65]
	[79]
	[107]
	[135]

	SU_CP-OFDM
[max%]
	15
	90.0%
	93.6%
	94.8%
	95.4%
	97.2%
	97.2%
	97.2%
	N.A
	N.A
	N.A

	
	30
	79.2%
	86.4%
	91.2%
	93.6%
	93.6%
	95.4%
	95.8%
	97.2%
	97.7%
	98.3%

	
	60
	N.A
	86.4%
	86.4%
	86.4%
	92.2%
	93.6%
	93.6%
	94.8%
	96.3%
	97.2%

	SU_DFT-s-OFDM
[max#RB full allocation]
	15
	25
	50
	[75]
	[100]
	[128,135]
	[216]
	270
	N.A
	N.A
	N.A

	
	30
	[10]
	[24]
	[36]
	[50]
	[64] 
	[100]
	128
	[162]
	[216]
	[270]

	
	60
	N.A
	[10, 12]
	[18]
	[24]
	[30, 32]
	[50]
	[64]
	[75]
	[100]
	[135]

	SU_DFT-s-OFDM
[max%]
	15
	90%
	90%
	90%
	90%
	97%
	97%
	97%
	N.A
	N.A
	N.A

	
	30
	72%
	86%
	86%
	90%
	92%
	90%
	92%
	97%
	97%
	97%

	
	60
	N.A
	86%
	86%
	86%
	92%
	90%
	92%
	90%
	90%
	97%

	DFT-s-OFDM [max RBstart full allocation]
	15
	0
	2
	4
	6
	0
	0
	0
	N.A
	N.A
	N.A

	
	30
	0
	0
	2
	2
	1
	6
	5
	0
	0
	3

	
	60
	N.A
	0
	0
	0
	0
	2
	0
	4
	7
	0

	SU_CP-OFDM full allocation 
[max#RB]
	15
	25
	52
	79
	106
	135
	216
	270
	N.A
	N.A
	N.A

	
	30
	11
	24
	38
	52
	65
	106
	133
	162
	217
	273

	
	60
	N.A
	12
	18
	24
	32
	52
	65
	79
	107
	135

	TXBW
[MHz]
	15
	4.5
	9.36
	14.22
	19.08
	24.3
	38.88
	48.6
	N.A
	N.A
	N.A

	
	30
	3.96
	8.64
	13.68
	18.72
	23.4
	38.16
	47.88
	58.32
	78.12
	98.28

	
	60
	N.A
	8.64
	12.96
	17.28
	23.04
	37.44
	46.8
	56.88
	77.04
	97.2

	maxTXBW [MHz]
	lowest
	4.5
	9.36
	14.22
	19.08
	24.3
	38.88
	48.6
	58.32
	78.12
	98.28


Observation 1 for Sub-6GHz (Table 1):

· Maximum transmit bandwidth is always for the lowest valid SCS. 
· UE SU for DFT-s-OFDM is 90% like for LTE in common NR/LTE channel bandwidths.
· In some cases, for channel BW > 20MHz, SU for CP-OFDM and DFT-s-OFDM can be similar or even equal.
Observation 2 for Above-24GHz (Table 2):

· Maximum transmit bandwidth is always for the lowest valid SCS except for 150MHz channel BW (red highlight), note that this may not be the case any longer after final CP-OFDM SU value is agreed.
· UE SU for DFT-s-OFDM is always >90%.
· In some cases, for channel BW > 50MHz, SU for CP-OFDM can be close to CP-OFDM SU.
Table 2: Spectrum utilisation for CP-OFDM and DFT-s-OFDM, Transmit bandwidth for above 24GHz NR

	Above-24GHz
	SCS [kHz]
	50MHz
	100MHz
	150MHz
	200 MHz
	400 MHz

	SU_CP-OFDM
[#RB]
	60
	[66-67]
	[132-136]
	[198-204]
	[264-275]
	N.A

	
	120
	[32]
	[66-67]
	[98-102]
	[132-137]
	[264-275]

	SU_CP-OFDM
[max%]
	60
	96.5%
	97.9%
	97.9%
	99.0%
	N.A

	
	120
	92.2%
	96.5%
	97.9%
	98.6%
	99.0%

	SU_DFT-s-OFDM
[max#RB full allocation]
	60
	[64]
	[128-135]
	[192-200]
	[256-270]
	N.A

	
	120
	[32]
	[64]
	[96-100]
	[128-135]
	[256-270]

	SU_DFT-s-OFDM
[max%]
	60
	92.2%
	97.2%
	96.0%
	97.2%
	N.A

	
	120
	92.2%
	92.2%
	96.0%
	97.2%
	97.2%

	DFT-s-OFDM [max RBstart full allocation]
	60
	3
	1
	4
	5
	N.A

	
	120
	0
	3
	2
	2
	5

	SU_CP-OFDM
[max#RB]
	60
	67
	136
	204
	275
	N.A

	
	120
	32
	67
	102
	137
	275

	TXBW
[MHz]
	60
	48.24
	97.92
	146.88
	198
	N.A

	
	120
	46.08
	96.48
	146.88
	197.28
	396

	maxTXBW [MHz]
	lowest
	48.24
	97.92
	146.88
	198
	396


3. Conclusion
This contribution provides a summary of spectrum utilization for both CP-OFDM and DFT-s-OFDM waveforms at both sub-6GHz and above 24GHz accounting for agreements in [1, 3] and derives proposals for transmit bandwidth to be used for ACLR measurements and DFT-s-OFDM allocations.
Proposal 1: DFT-s-OFDM RB allocation should satisfy following rules:

1. Maximum number of RB is the lowest number closest to the max CP-OFDM number of RB satisfying equation 1.
2. RBstart possibilities should follow equation 2.
Using above proposal and doing calculations for both NR frequency ranges, channel bandwidths and SCS, the following observations are made:

Observation 1 for Sub-6GHz (Table 1):

· Maximum transmit bandwidth is always for the lowest valid SCS 
· UE SU for DFT-s-OFDM is 90% like for LTE in common NR/LTE channel bandwidths.

· In some cases, for channel BW > 20MHz, SU for CP-OFDM and DFT-s-OFDM can be similar or even equal.

Observation 2 for Above-24GHz (Table 2):

· Maximum transmit bandwidth is always for the lowest valid SCS except for 150MHz channel BW (red highlight), note that this may not be the case any longer after final CP-OFDM SU value is agreed.
· UE SU for DFT-s-OFDM is always >90%.

· In some cases, for channel BW > 50MHz, SU for CP-OFDM can be close to CP-OFDM SU.
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