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Introduction
For feasible spectrum utilization, in last RAN4 meeting as agreed in [1], tentative values are agreed for sub-6GHz and possible ranges for above 24GHz under different combinations of SCS (data) and CHBW are reached. Above agreements are target for both downlink and uplink transmission, and only applicable for single numerology case. 
	For Sub 6GHz:
	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]
	[133,135]
	[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]


For above 24GHz:
	SCS [kHz]
	50MHz
	100MHz
	150MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	60
	[66-67]
	[132-136]
	[198-204]
	[264-275]
	N.A

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





In this contribution, we give further analysis for spectrum utilization.
Discussion
RAN4 have spent lots of time to discuss the feasible spectrum utilization across SI phase and WI phase and SU are pending on several factors i.e. BS, UE RF core requirements (ACLR, SEM, EVM, Receiver dynamic range, blocking), implementation complexity for certain spectrum refinement technologies, and system performance impact. As analyzed by several companies’ contribution, high spectrum utilization don’t always means better spectrum efficiency and system performance meanwhile un-proper high SU may bring impact to implementation complexity, cost and time to market.
Observation1: Un-proper high spectrum utilization may not bring system performance gain meanwhile we need to comprehensive consider the impact to implementation complexity, cost and time to market.
As agreed in RAN1, spectrum refinement technologies in transmitter side are transparent to receiver side and upper to implementation. Following such agreements, when we develop RAN4 requirements, we should ensure requirements agonistic to BS/UE implementation which means RAN4 requirements are minimum/baseline requirements which should allow BS/UE freedom to implement any reasonable spectrum refinement technologies i.e. windowing, filtering, block-edge basis filtering or hybrid of filtering and windowing.
Meanwhile as already agreed in [2], it’s still allowed BS to implement higher spectrum utilization than RAN4 requirements from RAN1/RAN2 protocol aspect even RAN4 has no reference requirements for that.
Observation 2: A RAN4 requirements for spectrum utilization are minimum requirements which should keep BS/UE implementation agnostic for spectrum refinement technologies.
Observation 3: From RAN/RAN2 protocol aspect, it’s already agreed to allow specific BS/NW can operate with high spectrum utilization then RAN4 requirements.
As agreed in last RAN4 meeting shown in above tables, there are undecided values for some combination under sub-6GHz and for mm Wave range, only ranges agreed based on companies’ input.
Observation4: Even with lower-bound value in the table, generally 92%~98% achieved for most of cases in sub 6GHz, and 95~96% SU achieved for most of cases in mm Wave, which already significant improvement compared with LTE requirements (90%).
The current proposed values from companies are majorly based on RAN4 RF evaluation under certain RF requirements assumption; however it’s still important to further calibration with realistic measured data based on products especially for mm Wave since we lack of alignment for RF evaluation in RAN4 for mm Wave range. Furthermore, based on our MPR evaluation results in [3], with high spectrum utilization, possible very high MPR required for 64QAM/256QAM i.e. even over than 10dB MPR required.     
Furthermore, almost all companies’ evaluations assume symmetric channel edge guard-band. Since for mm Wave, we already agreed RF raster should be RB grid basis then asymmetric guard-band unavoidable, then asymmetric channel guard-band will further impact proposed SU with upper 1RB.
Observation5: For mm Wave, asymmetric channel edge guard-band unavoidable, proposed SU need to further revise with 1RB reduction considering such aspect.
Based on above analysis and observations, we propose to take low-bound values for those un-decided combinations of sub6GHz and above 24GHz.
Proposal 1: Taking low-bound values for those un-decided combinations of sub6GHz and above 24GHz. 
· For mm Wave, further reduced 1RB needed considering asymmetric channel edge guard-band impact
Proposed SU for sub 6GHz
	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]
	[133,135]
	[216]
	270
	N.A
	N.A
	N.A

	30
	[11]
	[24]
	[38]
	[51,52]
	[65] 
	[106]
	133
	[162]
	[217]
	[273]272

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


Proposed SU for above 24GHz

	SCS [kHz]
	50MHz
	100MHz
	150MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	60
	[66-67]65
	[132-136]131
	[198-204]197
	[264-275]263
	N.A

	120
	[32]31
	[66-67]65
	[98-102]97
	[132-137]131
	[264-275]263


Furthermore, above values are proposed from RAN4 perspective, as agreed in [1], these tentative agreed transmission RB values need to be further check by other WG groups (RAN1/RAN2). 
As discussed in [5], RAN1’s further decision on RB grid alignment among different numerologies may have impact on RB allocation which may only allow even numbers of RB allocations in NR.
[image: ]
Figure 2in [5] : Example of RB allocation Alt-2 
Furthermore, as agreed in RAN1 #88bis, similar as LTE, for uplink with DFT-s-OFDM, RB allocation need to follow the order 2, 3, and 5.
	· Similar to LTE, the number of RBs allowable for DFT-s-OFDM waveform should be N = 2i3j5k.


There may also have other potential aspects which will impact RB allocation i.e. wideband operation.
P2: Once RB values are derived based on RAN4 perspective, a LS needed to inform and further check by other working group. e.g. whether to support even or odd # of PRBs and uplink RB allocation restriction for DFT-s-OFDM.
Conclusion
In this contribution, we give further analysis for spectrum utilization.
Observation1: Un-proper high spectrum utilization may not bring system performance gain meanwhile we need to comprehensive consider the impact to implementation complexity, cost and time to market.
Observation 2: A RAN4 requirements for spectrum utilization are minimum requirements which should keep BS/UE implementation agnostic for spectrum refinement technologies.
Observation 3: From RAN/RAN2 protocol aspect, it’s already agreed to allow specific BS/NW can operate with high spectrum utilization then RAN4 requirements.
Observation4: Even with lower-bound value in the table, generally 92%~98% achieved for most of cases in sub 6GHz, and 95~96% SU achieved for most of cases in mm Wave, which already significant improvement compared with LTE requirements (90%).
Observation5: For mm Wave, asymmetric channel edge guard-band unavoidable, proposed SU need to further revise with 1RB reduction considering such aspect.
Proposal 1: Taking low-bound values for those un-decided combinations of sub6GHz and above 24GHz. 
· For mm Wave, further reduced 1RB needed considering asymmetric channel edge guard-band impact
Proposed SU for sub 6GHz
	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]
	[133,135]
	[216]
	270
	N.A
	N.A
	N.A

	30
	[11]
	[24]
	[38]
	[51,52]
	[65] 
	[106]
	133
	[162]
	[217]
	[273]272

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


Proposed SU for above 24GHz
	SCS [kHz]
	50MHz
	100MHz
	150MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	60
	[66-67]65
	[132-136]131
	[198-204]197
	[264-275]263
	N.A

	120
	[32]31
	[66-67]65
	[98-102]97
	[132-137]131
	[264-275]263


[bookmark: _GoBack]P2: Once RB values are derived based on RAN4 perspective, a LS needed to inform and further check by other working group. e.g. whether to support even or odd # of PRBs and uplink RB allocation restriction for DFT-s-OFDM.
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