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Introduction

This contribution provides our consideration on parameters in physical layer to be assumed for Rel-15 RAN4 NR specifications.
Discussion
In general, RF requirements are discussed and specified based on fundamental features specified in physical layer such as waveform, numerology, modulation order, and so on. Since some of these features have multiple parameters, the number of possible pattern of them may significantly increase. This means that RAN4 workload may significantly increase. Thus it is quite important to clarify which ones of each fundamental feature should be taken into account for Rel-15 RAN4 NR specifications in order to complete Rel-15 NR WI timely.
Observation 1: It is quite important to clarify which parameters of each feature in PHY layer should be taken into account for Rel-15 RAN4 NR specifications.
Let us discuss in detail. Modulation order and subcarrier spacing would have impact on many RF requirements. For example, in LTE RF requirements, several requirements such as UE MPR are specified for each modulation order and another several requirements such as REFSENSE are specified based on certain modulation order. And another several requirements such as unwanted emission would be affected by utilized subcarrier spacing. It is forecasted that modulation order and/or subcarrier spacing for NR have impact on many NR RF requirements as well. In addition, it is also forecasted that the impact is different depending spectrum frequency range and so on. 

Current RAN1 agreement on modulation order for NR is that QPSK, 16QAM, 64QAM and 256QAM for both uplink and downlink signals. In addition to them, pi/2 BPSK is also agreed for DFT-s-OFDM uplink signal. Thus the number of modulation orders for NR is more than that for LTE. Regarding the subcarrier spacing, although there is only one subcarrier spacing for LTE except for NB-IoT operation, RAN1 has agreed that NR has multiple values of subcarrier spacing. To put it more concretely, RAN1 has agreed that NR numerology scalability should allow at least from [3.75 kHz] to 480 kHz subcarrier spacing regardless of spectrum frequency range in [1]. 

According to the current RAN1 agreements, we show how many patterns there are. Table 1 and 2 in Annex, for example, show a combination of spectrum frequency range, waveform, subcarrier spacing, and modulation order for downlink and uplink case, respectively. In Table 1 and 2, we divide spectrum frequency range into three parts. We can see from Table 1 and 2 that the number of the possible combinations of them for each frequency range is 32 for downlink (=1*8*4) and 72 for uplink (=1*8*4+1*8*5). Thus in this case we have to discuss 96 patterns for downlink and 216 patterns for uplink. If we divide spectrum frequency range into more than 3 parts, then the number increases. We can say from this example that RAN4 workload significantly increases if we aim to specify NR RF requirements taking account of all possible combinations. This means that it is essential to clarify modulation order and subcarrier spacing to be assumed for NR RF requirements under each spectrum frequency range in order to complete specifying NR RF requirements in Rel-15.
Observation 2: RAN4 workload significantly increases if we aim to specify NR RF requirements taking account of all possible combinations of modulation order and subcarrier spacing. For example if we assume three parts of frequency range, RAN4 has to discuss total 96 and 216 patterns for downlink and uplink respectively.
Proposal 1: Clarify modulation order and subcarrier spacing to be assumed for Rel-15 NR RF requirements in each spectrum frequency range.

In order to clarify modulation order and subcarrier spacing to be assumed in Rel-15 NR RF requirements, we have to analyse these parameters from view point of both feasibility and necessity.  In addition, we have to analyse these parameters at least for sub 6GHz range and above [24GHz] range. We also need to discuss whether we have to divide sub 6GHz range into several parts as well as above [24GHz] range. Moreover, we have to analyse these parameters for eMBB and URLLC, respectively.

For example, from view point of feasibility, if we can confirm that some parameter obviously has less feasibility at the time of introduction of Rel-15 NR, we could exclude such parameter from consideration when we discuss Rel-15 NR RF requirements. It should be noted that this does not intend to exclude such parameter from consideration in future release. Another example is that 15kHz subcarrier spacing in sub 6GHz range for downlink would be feasible because it has been already used for LTE downlink. Thus we might not need to assume more than 15kHz subcarrier spacing for eMBB downlink in sub 6GHz range. However, we would need to assume more than 15kHz subcarrier spacing for URLCC in sub 6GHz range.

Observation 3: Parameters which obviously have less feasibility at the time of introduction of Rel-15 NR could be excluded for Rel-15 NR RF requirements.

Proposal 2: Analyse modulation order and subcarrier spacing to be assumed for Rel-15 NR RF requirements from view point of both feasibility and necessity. 
· Analyse these parameters at least for sub 6GHz range and above [24GHz] range, respectively

· Analyse whether sub 6GHz range should be divided into several parts as well as above [24GHz] range

· Analyse these parameters for eMBB and URLLC, respectively
Proposal 3: Clarify whether more than 15kHz subcarrier spacing need to be assumed for eMBB downlink requirements in sub 6GHz range.

Conclusion
This contribution provided our consideration on parameters in physical layer to be assumed for Rel-15 RAN4 NR specifications. Our observations and proposals are as below:
Observation 1: It is quite important to clarify which parameters of each feature in PHY layer should be taken into account for Rel-15 RAN4 NR specifications.
Observation 2: RAN4 workload significantly increases if we aim to specify NR RF requirements taking account of all possible combinations of modulation order and subcarrier spacing. For example if we assume three parts of frequency range, RAN4 has to discuss total 96 and 216 patterns for downlink and uplink respectively. 

Proposal 1: Clarify modulation order and subcarrier spacing to be assumed for Rel-15 NR RF requirements in each spectrum frequency range.

Observation 3: Parameters which obviously have less feasibility at the time of introduction of Rel-15 NR could be excluded for Rel-15 NR RF requirements.

Proposal 2: Analyse modulation order and subcarrier spacing to be assumed for Rel-15 NR RF requirements from view point of both feasibility and necessity. 
· Analyse these parameters at least for sub 6GHz range and above [24GHz] range, respectively

· Analyse whether sub 6GHz range should be divided into several parts as well as above [24GHz] range

· Analyse these parameters for eMBB and URLLC, respectively
Proposal 3: Clarify whether more than 15kHz subcarrier spacing need to be assumed for eMBB downlink requirements in sub 6GHz range.

Outcome of discussion in this meeting and RAN4#72 meeting will be captured in table 1 and 2 during this meeting or in next meeting,  and the corresponding TP will be provided and approved in RAN4#72 meeting.
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Annex
Table 1: Combination of wave form, spectrum frequency range, subcarrier spacing, and modulation order for downlink
	Features specified in physical layer
	Frequency range

	wave
form
	subcarrier
spacing
	modulation
order
	~ 6GHz
	6GHz ~ [24GHz]
	[24GHz] ~ 52.6GHz 

	CP-OFDM
	[3.75]
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	[7.5]
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	15
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	30
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	60
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	120
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	240
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	480
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	


Table 2: Combination of wave form, spectrum frequency range, subcarrier spacing, and modulation order for uplink
	Features specified in physical layer
	Frequency range

	wave
form
	subcarrier
spacing
	modulation
order
	~ 6GHz
	6GHz ~ [24GHz]
	[24GHz] ~ 52.6GHz

	CP-OFDM
	[3.75]
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	[7.5]
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	15
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	30
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	60
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	120
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	240
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	480
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	DFT-s-OFDM
	[3.75]
	pi/2 BPSK
	
	
	

	
	
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	[7.5]
	pi/2 BPSK
	
	
	

	
	
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	15
	pi/2 BPSK
	
	
	

	
	
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	30
	pi/2 BPSK
	
	
	

	
	
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	60
	pi/2 BPSK
	
	
	

	
	
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	120
	pi/2 BPSK
	
	
	

	
	
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	240
	pi/2 BPSK
	
	
	

	
	
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	

	
	480
	pi/2 BPSK
	
	
	

	
	
	QPSK
	
	
	

	
	
	16QAM
	
	
	

	
	
	64QAM
	
	
	

	
	
	256QAM
	
	
	


