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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved.  In NR, it was decided to support DFT-s-OFDM as a complementary waveform for uplink in addition to CP-OFDM. In the previous RAN1 meeting, the following agreements were made regarding the waveform selection for uplink data transmission. 
Agreements:
· For UL transmission with grant, to down-select (including possible combinations) from:
· Option 1: waveform type is determined from DCI
· 1-1: Explicit 1-bit field in the UL grant
· 1-2: Implicitly derived by other information
· 1-2-1: Some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· 1-2-2: Based on the different DCI sizes
· 1-2-3: Based on the search space where the UL grant is detected
· FFS: the DCI-based determination is always enabled or is enabled/disabled by RRC signalling
· Option 2: waveform type is configured by UE-specific RRC
· Option 3: waveform type follows the information by RMSI for Msg3
· Option 4: waveform type is indicated by MAC CE
· Note: For Msg3, waveform is informed by the RMSI
· If no agreement is done, all UE follows the information by the RMSI

In this contribution, we describe our views on waveform selection for uplink data transmission in NR. 
 Waveform Selection for Uplink Data Transmission
In NR, it was decided that DFT-s-OFDM is a complementary waveform for uplink in addition to CP-OFDM. Since DFT-s-OFDM is used only in coverage limited UEs, we envision most of the UEs use CP-OFDM for transmitting the uplink control channel and data channel.  However, the coverage of NR depends on many factors such as the frequency of deployment, number of receive antennas etc. In addition, in NR we can pair users in uplink for MU-MIMO belong to the same waveform. Hence in our view, the dynamic transition between CP-OFDM and DFT-S-OFDM, we prefer to use downlink control channel to indicate to the UE about the transition. 

Proposal 1:  Dynamic switching between CP-OFDM and DFT-S-OFDM should be supported. The waveform type is determined from DCI.

 In addition to the dynamic indication, we prefer RRC configuration for default waveform type is beneficial as this type is used as a default waveform. 
Proposal 2: In addition to dynamic signalling, default waveform is configured by RRC signalling   

Regarding the indication of waveform type using DCI, we prefer an explicit indication.  This is because, it was already agreed to support modulation schemes up to 256 QAM for DFTsOFDM. Table 1 shows the supported modulation schemes for uplink data transmission if transform precoding is applied or not [1].  Observe that the number of modulation schemes are 4 when transform precoding is not applied and is equal to 5 when transform precoding is applied.   Hence in our view, restricting certain modulations based on waveform type (option 1-2) is not beneficial and reverting old agreements. 
Table 1 Supported modulation schemes.
	Transform precoding disabled
	Transform precoding enabled

	
	π/2-BPSK

	QPSK
	QPSK

	16QAM
	16QAM

	64QAM
	64QAM

	256QAM
	256QAM



Proposal 3: For indicating the waveform type Explicit 1-bit field in the UL grant is used

[bookmark: _Ref378529477][bookmark: _GoBack]Since the modulation schemes supported for both the waveforms are different, we prefer a joint encoding of waveform indication with MCS will unify the MCS framework for uplink data transmission. As show in Table 3, with 6 bits of joint encoding of MCS and waveform selection, where 1 indicates DFTsOFDM and 0 indicates CP-OFDM,  we can add more entries  for lower modulation schemes (Pi/2 BPSK)  as well as higher order modulation schemes such as 256-QAM with enough granularity in code rate. Hence with the above approach, the coverage limited UE can use lower order modulations as well as high data demanding UE can use the same 6 bits for higher order modulations with high code rate.  Hence with this approach we can improve the system capacity as well as the coverage of NR at same time. 
Table 2 MCS table in the uplink DCI
	MCS Index
	Waveform selection
	Modulation order
	Code rate
	Spe. Eff.

	
	
	
	
	

	0
	1
	1
	1/32
	0.06

	1
	1
	1
	1/16
	0.13

	2
	1
	1
	1/8
	0.25

	3
	1
	1
	1/8
	0.13

	4
	1
	2
	1/4
	0.50

	5
	1
	2
	5/16
	0.63

	6
	1
	2
	3/8
	0.75

	7
	1
	2
	7/16
	0.88

	8
	1
	2
	1/2
	1.00

	9
	1
	2
	1/4
	0.25

	10
	1
	2
	5/8
	1.25

	11
	1
	4
	3/8
	1.50

	12
	1
	4
	7/16
	1.75

	13
	1
	4
	1/2
	2.00

	14
	1
	4
	9/16
	2.25

	15
	1
	4
	5/8
	2.50

	16
	1
	4
	11/16
	2.75

	17
	1
	4
	3/4
	3.00

	18
	1
	6
	9/16
	3.38

	19
	1
	6
	5/8
	3.75

	20
	1
	6
	11/16
	4.13

	21
	1
	6
	3/4
	4.50

	22
	1
	6
	13/16
	4.88

	23
	1
	6
	7/8
	5.25

	24
	1
	8
	11/16
	5.50

	25
	1
	8
	3/4
	6.00

	26
	1
	8
	13/16
	6.50

	27
	1
	8
	7/8
	7.00

	28
	1
	8
	15/16
	7.50

	29
	1
	reserved


	30
	1
	

	31
	1
	

	32
	0
	2
	1/32
	0.06

	33
	0
	2
	1/16
	0.13

	34
	0
	2
	1/8
	0.25

	35
	0
	2
	3/16
	0.38

	36
	0
	2
	1/4
	0.50

	37
	0
	2
	5/16
	0.63

	38
	0
	2
	3/8
	0.75

	39
	0
	2
	7/16
	0.88

	40
	0
	2
	1/2
	1.00

	41
	0
	2
	9/16
	1.13

	42
	0
	2
	5/8
	1.25

	43
	0
	4
	3/8
	1.50

	44
	0
	4
	7/16
	1.75

	45
	0
	4
	1/2
	2.00

	46
	0
	4
	9/16
	2.25

	47
	0
	4
	5/8
	2.50

	48
	0
	4
	11/16
	2.75

	49
	0
	4
	3/4
	3.00

	50
	0
	6
	9/16
	3.38

	51
	0
	6
	5/8
	3.75

	52
	0
	6
	11/16
	4.13

	53
	0
	6
	3/4
	4.50

	54
	0
	6
	13/16
	4.88

	55
	0
	6
	7/8
	5.25

	56
	0
	8
	11/16
	5.50

	57
	0
	8
	3/4
	6.00

	58
	0
	8
	13/16
	6.50

	59
	0
	8
	7/8
	7.00

	60
	0
	8
	15/16
	7.50

	61
	0
	Reserved

	62
	0
	

	63
	0
	

	64
	0
	



Proposal 4:  Joint encoding of waveform selection and MCS entries is preferred in the uplink DCI 
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In this contribution we described our views on waveform selection for uplink data transmission for NR.
Based on our observations, we have the following proposal:
Proposal 1:  Dynamic switching between CP-OFDM and DFT-S-OFDM should be supported. The waveform type is determined from DCI.

Proposal 2: In addition to dynamic signalling, default waveform is configured by RRC signalling   

Proposal 3: For indicating the waveform type Explicit 1-bit field in the UL grant is used
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Proposal 4:  Joint encoding of waveform selection and MCS entries is preferred in the uplink DCI 
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