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1. Introduction
In previous RAN4 meeting, it has been proved that FR2-1 UL 256QAM is feasible for 29GHz and 39GHz with 3.5% EVM at least for PC1, PC2 and PC5. Based on the schedule of WID, the BS PUSCH demodulation performance for FR2-1 UL 256QAM should be discussed from this meeting. In this contribution, we mainly discussed the demodulation performance requirement scope, related simulation assumptions and provided some simulation results.
2.  Discussion
2.1 Simulation assumption for PUSCH demodulation
According to the agreements in R-15 for PUSCH demodulation performance that
· For CP-OFDM waveform, test cases are defined for QPSK, 16QAM and 64QAM.

· For DFT-s-OFDM waveform, test cases are defined for low SNR region with low MCS, i.e., QPSK.
· 2T2R for 64QAM cannot achieve 70% TPUT performance.
· The test metric is SNR @70% of maximum throughput for QPSK, 16QAM and 64QAM.
Therefore, the demodulation performance requirements for 256QAM will be defined only for PUSCH for CP-OFDM waveform with 1Tx only and 2Rx, and reuse the same test metric of SNR @70% of maximum throughput as QPSK.
Based on the simulation assumption for PUSCH demodulation in R-15[1], we proposed the simulation assumptions for PUSCH demodulation for 256QAM as table 2.1-1:
Table 2.1-1 Simulation assumption for PUSCH demodulation for 256QAM
	Parameter
	FR2-1

	Transform precoding
	Disabled

	Number of Tx
	1

	Number of Rx
	2

	Number of layers
	1

	Transmission scheme
	Identity matrix (TPMI index 0)

	DMRS type
	type 1

	Number of DMRS symbols
	1, 1+1

	symbols length
	10

	start symbol index
	0

	Time domain resource allocation type
	type B

	Frequency domain resource
	full RB allocation of the applicable BW 

	MCS index
	20 in TS 38.214 Table 5.1.3.1-2 (R=682.5/1024)

	Carrier frequency (GHz)
	30

	Propagation condition
	TDL-A  30ns delay spread, 35Hz Doppler frequency

	SCS and BW
	60kHz: 50MHz, 100MHz
120kHz: 50MHz, 100MHz, 200MHz

	PTRS
	(KPTRS =2, LPTRS =1), disabled

	Timing offset
	0

	Frequency offset
	0

	Code block group 
	Disabled

	Frequency hopping 
	Disabled

	Limited buffer rate matching
	Disabled

	Number of HARQ transmissions 
	4

	PN model for Tx and Rx
	Tx：New phase noise profiles as agreed for MPR simulation  (Reference R4-2310260)
Rx: example 2 for BS in TR 38.803

	Testing metric
	SNR @70% of maximum throughput


Proposal 1: The demodulation performance requirements for UL 256QAM will be defined only for PUSCH for CP-OFDM waveform.
Proposal 2: PUSCH demodulation performance for 256QAM should be evaluated based on simulation assumptions in Table 2.1-1.
2.2  FRC parameters for PUSCH demodulation performance requirements
Based on above simulation assumptions, we proposed the FRC parameters as following table 2.2-1 and table 2.2-2 for different BWs, number of DMRS, respectively.
Table 2.2-1: FRC parameters for FR2 PUSCH performance requirements, transform precoding disabled, Additional DM-RS position = pos0 and 1 transmission layer (256QAM, R=682.5/1024)
	Reference channel
	G-FR2-A9-1
	G-FR2-A9-2
	G-FR2-A9-3
	G-FR2-A9-4
	G-FR2-A9-5

	Subcarrier spacing [kHz]
	60
	60
	120
	120
	120

	Allocated resource blocks
	66
	132
	32
	66
	132

	CP-OFDM Symbols per slot (Note 1)
	9
	9
	9
	9
	9

	Modulation
	256QAM
	256QAM
	256QAM
	256QAM
	256QAM

	Code rate (Note 2)
	682.5/1024
	682.5/1024
	682.5/1024
	682.5/1024
	682.5/1024

	Payload size (bits)
	37896
	75792
	18432
	37896
	75792

	Transport block CRC (bits)
	24
	24
	24
	24
	24

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

	Number of code blocks - C
	5
	9
	3
	5
	9

	Code block size including CRC (bits) (Note 2)
	7608
	8448
	6176
	7608
	8448

	Total number of bits per slot without PT-RS
	57024
	114048
	27648
	57024
	114048

	Total number of bits per slot with PT-RS (Note 3)
	54648
	109296
	26496
	54648
	109296

	Total symbols per slot without PT-RS
	7128
	14256
	3456
	7128
	14256

	Total symbols per slot with PT-RS (Note 3)
	6831
	13662
	3312
	6831
	13662

	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 = pos0 with l0= 0 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 sub-clause 5.2.2 of TS 38.212 [15].

NOTE 3:
PT-RS configuration KPT-RS =2, LPT-RS =1.


Table 2.2-2: FRC parameters for FR2 PUSCH performance requirements, transform precoding disabled, Additional DM-RS position = pos1 and 1 transmission layer (256QAM, R=682.5/1024)
	Reference channel
	G-FR2-A9-6
	G-FR2-A9-7
	G-FR2-A9-8
	G-FR2-A9-9
	G-FR2-A9-10

	Subcarrier spacing [kHz]
	60
	60
	120
	120
	120

	Allocated resource blocks
	66
	132
	32
	66
	132

	CP-OFDM Symbols per slot (Note 1)
	8
	8
	8
	8
	8

	Modulation
	256QAM
	256QAM
	256QAM
	256QAM
	256QAM

	Code rate (Note 2)
	682.5/1024
	682.5/1024
	682.5/1024
	682.5/1024
	682.5/1024

	Payload size (bits)
	33816
	67584
	16392
	33816
	67584

	Transport block CRC (bits)
	24
	24
	24
	24
	24

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

	Number of code blocks - C
	5
	9
	2
	5
	9

	Code block size including CRC (bits) (Note 2)
	6792
	7536
	8232
	6792
	7536

	Total number of bits per slot without PT-RS
	50688
	101376
	24576
	50688
	101376

	Total number of bits per slot with PT-RS (Note 3)
	48576
	97152
	23552
	48576
	97152

	Total symbols per slot without PT-RS
	6336
	12672
	3072
	6336
	12672

	Total symbols per slot with PT-RS (Note 3)
	6072
	12144
	2944
	6072
	12144

	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 with l0= 0 and l =8 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 sub-clause 5.2.2 of TS 38.212 [15].

NOTE 3:
PT-RS configuration KPT-RS =2, LPT-RS =1.


Proposal 3: FRC parameters for 256QAM PUSCH performance requirements can be defined as above table 2.2-1 and table 2.2-2.

2.3  Simulation results

Based on above simulation assumptions, we simulated related cases and the simulation results are shown in table 2.3-1:

Table2.3-1: Minimum requirements for PUSCH with 70% of maximum throughput for 256QAM

	SCS, BW
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS  position
	PT-RS
	SNR

(dB)

	60kHz
	1
	2
	Normal
	TDLA30-35 Low
	70 %
	G-FR2-A9-1
	pos0
	Yes
	17.0

	50MHz
	
	
	
	
	
	
	
	No
	16.2

	
	
	
	
	
	
	G-FR2-A9-6
	pos1
	Yes
	17.0

	
	
	
	
	
	
	
	
	No
	16.2

	60kHz
	1
	2
	Normal
	TDLA30-35 Low
	70 %
	G-FR2-A9-2
	pos0
	Yes
	17.5

	
	
	
	
	
	
	
	
	No
	16.7

	100MHz
	
	
	
	
	
	G-FR2-A9-7
	pos1
	Yes
	17.6

	
	
	
	
	
	
	
	
	No
	16.9

	120kHz
	1
	2
	Normal
	TDLA30-35 Low
	70 %
	G-FR2-A9-3
	pos0
	Yes
	17.4

	
	
	
	
	
	
	
	
	No
	16.6

	50MHz
	
	
	
	
	
	G-FR2-A9-8
	pos1
	Yes
	17.2

	
	
	
	
	
	
	
	
	No
	16.4

	120kHz
	1
	2
	Normal
	TDLA30-35 Low
	70 %
	G-FR2-A9-4
	pos0
	Yes
	17.9

	
	
	
	
	
	
	
	
	No
	17.0

	100MHz
	
	
	
	
	
	G-FR2-A9-9
	pos1
	Yes
	18.2

	
	
	
	
	
	
	
	
	No
	17.4

	120kHz
	1
	2
	Normal
	TDLA30-35 Low
	70 %
	G-FR2-A9-5
	pos0
	Yes
	17.1

	
	
	
	
	
	
	
	
	No
	16.4

	200MHz
	
	
	
	
	
	G-FR2-A9-10
	pos1
	Yes
	17.2

	
	
	
	
	
	
	
	
	No
	16.5


Proposal 4: The minimum requirements for PUSCH with 70% of maximum throughput for 256QAM can use Table2.3-1 as starting point.
3. Conclusion

In this contribution, based on the agreement of R-15 NR BS PUSCH demodulation, we proposed the simulation assumptions and FRC parameters for 256QAM BS PUSCH demodulation, and provided related simulation results:

Proposal 1: The demodulation performance requirements for UL 256QAM will be defined only for PUSCH for CP-OFDM waveform.

Proposal 2: PUSCH demodulation performance for 256QAM should be evaluated based on simulation assumptions in Table 2.1-1.
Proposal 3: FRC parameters for 256QAM PUSCH performance requirements can be defined as above table 2.2-1 and table 2.2-2.
Proposal 4: The minimum requirements for PUSCH with 70% of maximum throughput for 256QAM can use Table2.3-1 as starting point.
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