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[bookmark: OLE_LINK25]1 Introduction
[bookmark: OLE_LINK33]The objectives for 4Tx of further RF requirements enhancement for NR and EN-DC in frequency range 1 (FR1) are listed in the following [1]:
[bookmark: OLE_LINK19]Enable 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices [RAN4]
· Investigate framework and architecture Example bands:
· TDD bands: n41, n77/n78
· FDD bands: n1
· Note 1: the total number of example bands should be limited to 3. n77/n78 are considered as one band during the study.
· Note 2: other bands to be introduced in the release independent way later on from Rel-18
· Note 3: specifying requirements for TDD bands has first priority
·   Specify the UE RF requirements to support 4Tx
· First priority: 4x4 UL MIMO
· Second priority: investigate and if necessary specify TxD requirement to support the same power class in UL MIMO and single antenna port 
· PA configuration assumption:
· First priority: 4x23dBm
· Second priority: 2x23dBm + 2x26dBm, 4x26dBm
· UE power class
· First priority: PC 1.5
· Second priority: PC2/PC3, and/or new power class if needed
· Note 1: PC1.5 is only applicable for TDD bands
· Note: detailed combinations for 2nd priority PA/UE power class assumptions are to be revisited in RAN#97
· NOTE1: Requirements are specified with phase approach. Objectives with 1st priority are considered first.
· NOTE2: It is assumed the devices are equipped with 4Rx antennas for band n1 requirement definition.
[bookmark: OLE_LINK18]In this contribution, we give some initial discussions on performance part related to 4Tx. 
2	Discussion
[bookmark: OLE_LINK41][bookmark: OLE_LINK6][bookmark: OLE_LINK23][bookmark: OLE_LINK66][bookmark: OLE_LINK11][bookmark: OLE_LINK28]In NR Rel-17, the performance requirements of 1Tx and 2Tx for PUSCH have been defined. We need to define the demodulation requirements for 4Tx.  
Proposal 1: To update Table 8.2.1.1-1 in 38.104 v18.0.0 for PUSCH performance requirement as Table 2-1
Table 2-1 Test parameters for testing PUSCH
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{0}, {0, 1}, {0, 1, 2, 3}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	PUSCH mapping type
	A, B

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission
TPMI index for 4Tx four-layer spatial multiplexing transmission
	0
0

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.


With regard to waveform, we can find that only 1Tx transmission requirements are defined DFT-s-OFDM waveform. The demodulation performance of 4Tx is not considered for DFT-OFDM waveform.
Proposal 2: Not to consider 4Tx PUSCH demodulation requirements for DFT-s-OFDM waveform.
With regard to Minimum requirements for PUSCH with 30% of maximum throughput, we can find that only 1Tx transmission requirements are defined.
Proposal 3: Not to consider 4Tx PUSCH demodulation requirements for Minimum requirements for PUSCH with 30% of maximum throughput.
With regard to requirements for PUSCH, we can find that only 2 MCS are defined for 2Tx transmission requirements. Therefore, a natural choice is to define two MCS for 4Tx as it does for 2Tx.
With regard to channel model for 4Tx requirement, TDLB100-400 Low and TDLC300-100 Low is used for QPSK R=193/1024 and 16QAM R=658/1024 as it does for 1Tx and 2Tx.
Proposal 4: To consider QPSK R=193/1024 and 16QAM R=658/1024 for 4Tx PUSCH demodulation requirements and the channel models are TDLB100-400 Low and TDLC300-100 Low.
4Tx requires a new test case, so we list the FRCs related to 4Tx requirements for reference in Annex. Table 2-2 to table 2-8 list the target SNR for 70% max throughput based on the initial simulation results with the parameters and channel model mentioned above. Figure 2-1 to figure 2-7 show the throughput for corresponding simulation cases.
Table 2-2 5MHz BW 15kHz SCS type A mapping 4 Tx 4Rx 4layer
	MCS
	FRC
	SNR

	QPSK R=193/1024
	G-FR1-A3-39
	0.6703

	16QAM R=658/1024
	G-FR1-A4-29
	20.8204
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Figure 2-1 Throughput for 5MHz BW 15kHz SCS type A mapping 4 Tx 4Rx 4layer
Table 2-3 10MHz BW 15kHz SCS type A mapping 4 Tx 4Rx 4layer
	MCS
	FRC
	SNR

	QPSK R=193/1024
	G-FR1-A3-40
	 0.8071

	16QAM R=658/1024
	G-FR1-A4-30
	21.2190
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Figure 2-12 Throughput for 10MHz BW 15kHz SCS type A mapping 4 Tx 4Rx 4layer
Table 2-4 20MHz BW 15kHz SCS type A mapping 4 Tx 4Rx 4layer
	MCS
	FRC
	SNR

	QPSK R=193/1024
	G-FR1-A3-41
	0.9765

	16QAM R=658/1024
	G-FR1-A4-31
	21.2538
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Figure 2-3 Throughput for 20MHz BW 15kHz SCS type A mapping 4 Tx 4Rx 4layer
Table 2-5 10MHz BW 30kHz SCS type A mapping 4 Tx 4Rx 4layer
	MCS
	FRC
	SNR

	QPSK R=193/1024
	G-FR1-A3-42
	0.5247

	16QAM R=658/1024
	G-FR1-A4-32
	23.0575
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Figure 2-4 Throughput for 10MHz BW 30kHz SCS type A mapping 4 Tx 4Rx 4layer
Table 2-6 20MHz BW 30kHz SCS type A mapping 4 Tx 4Rx 4layer
	MCS
	FRC
	SNR

	QPSK R=193/1024
	G-FR1-A3-43
	0.6999

	16QAM R=658/1024
	G-FR1-A4-33
	23.1079
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Figure 2-5 Throughput for 20MHz BW 30kHz SCS type A mapping 4 Tx 4Rx 4layer
Table 2-7 40MHz BW 30kHz SCS type A mapping 4 Tx 4Rx 4layer
	MCS
	FRC
	SNR

	QPSK R=193/1024
	G-FR1-A3-44
	0.9456

	16QAM R=658/1024
	G-FR1-A4-34
	23.2998
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Figure 2-6 Throughput for 40MHz BW 30kHz SCS type A mapping 4 Tx 4Rx 4layer
Table 2-8 100MHz BW 30kHz SCS type A mapping 4 Tx 4Rx 4layer
	MCS
	FRC
	SNR

	QPSK R=193/1024
	G-FR1-A3-45
	0.9609

	16QAM R=658/1024
	G-FR1-A4-35
	24.9617
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Figure 2-7 Throughput for 100MHz BW 30kHz SCS type A mapping 4 Tx 4Rx 4layer











3 Conclusion
In this contribution, we give some discussions for:
Proposal 1: To update Table 8.2.1.1-1 in 38.104 v18.0.0 for PUSCH performance requirement as Table 2-1
Table 2-1 Test parameters for testing PUSCH
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{0}, {0, 1}, {0, 1, 2, 3}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	PUSCH mapping type
	A, B

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission
TPMI index for 4Tx four-layer spatial multiplexing transmission
	0
0

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.


Proposal 2: Not to consider 4Tx PUSCH demodulation requirements for DFT-s-OFDM waveform.
Proposal 3: Not to consider 4Tx PUSCH demodulation requirements for Minimum requirements for PUSCH with 30% of maximum throughput.
Proposal 4: To consider QPSK R=193/1024 and 16QAM R=658/1024 for 4Tx PUSCH demodulation requirements and the channel models are TDLB100-400 Low and TDLC300-100 Low.

[bookmark: _GoBack]4 Reference
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5 Annex
Table A.3-16: FRC parameters for FR1 PUSCH performance requirements, transform precoding disabled, Additional DM-RS position = pos1 and 4 transmission layer (QPSK, R=193/1024)
	Reference channel
	G-FR1-A3-39
	G-FR1-A3-40
	G-FR1-A3-41
	G-FR1-A3-42
	G-FR1-A3-43
	G-FR1-A3-44
	G-FR1-A3-45

	Subcarrier spacing [kHz]
	15
	15
	15
	30
	30
	30
	30

	Allocated resource blocks
	25
	52
	106
	24
	51
	106
	273

	CP-OFDM Symbols per slot (Note 1)
	12
	12
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024

	Payload size (bits)
	5384
	11280
	23048
	5256
	11016
	23048
	59496

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	24
	24
	24
	24
	24
	24
	24

	Number of code blocks - C
	2
	3
	7
	2
	3
	7
	16

	Code block size including CRC (bits) (Note 2)
	2728
	3792
	3320
	2664
	3704
	3320
	3744

	Total number of bits per slot
	28800
	59904
	122112
	27648
	58752
	122112
	314496

	Total symbols per slot
	3600
	7488
	15264
	3456
	7344
	15264
	39312

	NOTE 1:	DM-RS configuration type  = 1 with DM-RS duration = single-symbol DM-RS and the number of DM-RS CDM groups without data is 2, Additional DM-RS position = pos1, l0= 2 and l =11 for PUSCH mapping type A, l0= 0 and l =10 for PUSCH mapping type B as per table 6.4.1.1.3-3 of TS 38.211 [9].
NOTE 2:	Code block size including CRC (bits) equals to K' in clause 5.2.2 of TS 38.212 [15].



Table A.4-9: FRC parameters for FR1 PUSCH performance requirements, transform precoding disabled, Additional DM-RS position = pos1 and 4 transmission layer (16QAM, R=658/1024)
	Reference channel
	G-FR1-A4-29
	G-FR1-A4-30
	G-FR1-A4-31
	G-FR1-A4-32(Note 3)
	G-FR1-A4-33
	G-FR1-A4-34
	G-FR1-A4-35

	Subcarrier spacing [kHz]
	15
	15
	15
	30
	30
	30
	30

	Allocated resource blocks
	25
	52
	106
	24
	51
	106
	273

	CP-OFDM Symbols per slot (Note 1)
	12
	12
	12
	12
	12
	12
	12

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate (Note 2)
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024

	Payload size (bits)
	36896
	77896
	155776
	35856
	75792
	155776
	401640

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	24
	24
	24
	24
	24
	24
	24

	Number of code blocks - C
	5
	10
	19
	5
	9
	19
	48

	Code block size including CRC (bits) (Note 2)
	7408
	7816
	8224
	7200
	8448
	8224
	8392

	Total number of bits per slot
	57600
	119808
	244224
	55296
	117504
	244224
	628992

	Total symbols per slot
	3600
	7488
	15264
	3456
	7344
	15264
	39312

	NOTE 1:	DM-RS configuration type  = 1 with DM-RS duration = single-symbol DM-RS and the number of DM-RS CDM groups without data is 2, Additional DM-RS position = pos1, l0= 2 and l=11 for PUSCH mapping type A, l0= 0 and l =10 for PUSCH mapping type B as per table 6.4.1.1.3-3 of TS 38.211 [9].
NOTE 2:	Code block size including CRC (bits) equals to K' in clause 5.2.2 of TS 38.212 [15].
NOTE 3:	The calculation of the “Total number of bits per slot” and “Total symbols per slot” fields include the REs taken up by CSI part 1 and CSI part 2, if present.
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