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1	Introduction
This contribution discusses our view on the scope of UE demodulation requirements for DL 1024QAM according to WID [1].
2	Discussion
2.1	PDSCH demodulation requirements
Under the WI DL 1024-QAM for NR FR1, RAN1 agreed to support 1024QAM for PDSCH and define new MCS table to support of 1024 QAM for PDSCH as shown in Appendix [2]. In Rel-15/16, RAN4 defined PDSCH demodulation requirements for all the supported modulation schemes: QPSK, 16QAM, 64QAM, and 256QAM. We therefore propose to define new PDSCH demodulation requirements with 1024QAM. 
According to WID [1], since the support of DL 1024QAM is limited to FR1, the demodulation requirements should be specified only for FR1.
Proposal 1: RAN4 defines PDSCH demodulation requirements with 1024QAM for FR1. 
According to the MCS table agreed in RAN1, when gNB schedules 1024QAM, the target coding rate of PDSCH with 1024QAM becomes 0.78 or higher. According to TS38.101-4, the highest coding rate set in the PDSCH demodulation requirements is 256QAM with rank 1, e.g., Table 5.2.2.1.1-3 Test 1-3, where the effective code rate is 0.82, as follows.
Table 5.2.2.1.1-3: Minimum performance for Rank 1
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-3
	R.PDSCH.1-4.1 FDD
	10 / 15
	256QAM, 0.82
	TDLA30-10
	2x2, ULA Low
	70
	24.6



We therefore propose to reuse the test setup for existing 256QAM rank 1 demodulation requirements and set MCS25, which corresponds to the target code rate of 0.83.
Proposal 2: Set the following parameters for PDSCH demodulation requirement with 1024QAM. 
· MCS25
· Rank 1
· Antenna configuration: 2x2 / 2x4 ULA Low
· Propagation channel model: TDLA30-10
· FDD SCS=15kHz with 10MHz and TDD SCS=30kHz with 40MHz.
BS RF core part discusses the BS Tx EVM requirements, and we expect it would be set between 2.5 to 2.8% [3]. 
	RAN4 will make decision on Nov 2021 RAN4 meeting with following options:
· Option 1: 2.5% for all classes 
· Option 2: 2.5% for LA and MR classes; 2.8% for WA class
· Option 3: 2.8% for all BS classes



For LTE 1024QAM, BS Tx EVM requirement is set to 2.5% and UE demodulation requirements are set based on the assumption Tx EVM is 2% [4]. The reason BS RF discusses the larger Tx EVM requirements compared with LTE is the wider channel bandwidth and higher carrier frequency. Since UE demodulation requirements uses 10MHz for FDD and 40MHz for TDD, we believe Tx EVM 2% is feasible. 
Proposal 3: Assume Tx EVM 2.0% to derive the UE demodulation requirements with 1024QAM. 
2.2	SDR requirements
SDR requirements verify the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum data rate indicated by UE capabilities. Since introducing DL 1024QAM increases the maximum data rate compared with 256QAM, RAN4 should add MCS of DL 1024QAM to the SDR test parameters. 
Proposal 4: RAN4 defines SDR requirements with 1024QAM MCS for FR1. 
According to the latest MCS index table used for SDR tests in TS38.101-4, it specifies the MCS indexes for MIMO layers and scaling factor. Table 1 shows our proposed MCS indexes, where the upper bound MCS means the MCS indexes derived from [5] and the practical MCS means based on the simulation results based on the simulation assumption in [6]. 
Figure 1 shows our simulation results MSC24/25 with rank 2/4 according to the simulation assumption [6], with Tx EVM 2%. Note we cannot set MCS26 since it exceeds the code rate 948/1024. According to our simulation results, the required SNR to achieve 85% of the maximum throughput with MCS25 is 34dB for SCS 30kHz Rank 4 and 32dB for other scenarios. For MCS24, the required SNR is 30dB to achieve 85% of the maximum throughput. It depends on the achievable SNR test points, but we propose to consider MCS25 for SDR test parameters as shown in Table 1.
[image: ]
[bookmark: _Ref84852165]Figure 1	PDSCH simulation results for MCS24/MCS25 with Rank 2/4 to derive the practical MCS.
[bookmark: _Ref84345866]Table 1	MCS indexes for SDR test with 1024QAM.

	Maximum number of PDSCH MIMO layers
	Maximum modulation format
	Scaling factor
	MCS (Upper bound)
	MCS (Practical)

	1
	10
	1
	[25]
	[25]

	1
	10
	0.8
	[21]
	

	1
	10
	0.75
	[19]
	

	1
	10
	0.4
	[9]
	

	2
	10
	1
	[25]
	[25]

	2
	10
	0.8
	[21]
	

	2
	10
	0.75
	[19]
	

	2
	10
	0.4
	[9]
	

	4
	10
	1
	[25]
	[25]

	4
	10
	0.8
	[21]
	

	4
	10
	0.75
	[21]
	

	4
	10
	0.4
	[10]
	

	Note: 	The final MCS is set from MIN(Upper bound MCS, Practical MCS)



Proposal 5: Set MCS indexes for SDR test with 1024QAM based on Table 1. 
4	Summary
Proposal 1: RAN4 defines PDSCH demodulation requirements with 1024QAM for FR1. 
Proposal 2: Set the following parameters for PDSCH demodulation requirement with 1024QAM. 
· MCS25
· Rank 1
· Antenna configuration: 2x2 / 2x4 ULA Low
· Propagation channel model: TDLA30-10
· FDD SCS=15kHz with 10MHz and TDD SCS=30kHz with 40MHz.
Proposal 3: Assume Tx EVM 2.0% to derive the UE demodulation requirements with 1024QAM. 
Proposal 4: RAN4 defines SDR requirements with 1024QAM MCS for FR1. 
Proposal 5: Set MCS indexes for SDR test with 1024QAM based on the table below:
	Maximum number of PDSCH MIMO layers
	Maximum modulation format
	Scaling factor
	MCS (Upper bound)
	MCS (Practical)

	1
	10
	1
	[25]
	[25]

	1
	10
	0.8
	[21]
	

	1
	10
	0.75
	[19]
	

	1
	10
	0.4
	[9]
	

	2
	10
	1
	[25]
	[25]

	2
	10
	0.8
	[21]
	

	2
	10
	0.75
	[19]
	

	2
	10
	0.4
	[9]
	

	4
	10
	1
	[25]
	[25]

	4
	10
	0.8
	[21]
	

	4
	10
	0.75
	[21]
	

	4
	10
	0.4
	[10]
	

	Note: 	The final MCS is set from MIN(Upper bound MCS, Practical MCS)




4.1	Test parameters
	Parameter
	Unit
	Test 1
	Test 2

	Duplex mode
	
	FDD
	TDD

	PDSCH configuration
	Mapping type
	
	Type A
	Type A

	
	k0
	
	0
	0

	
	Starting symbol (S) 
	
	2
	2

	
	Length (L)
	
	12
	12

	
	PDSCH aggregation factor
	
	1
	1

	
	PRB bundling type
	
	Static
	Static

	
	PRB bundling size
	
	2
	2

	
	Resource allocation type
	
	Type 0
	Type 0

	
	RBG size
	
	Config2
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1
	Type 1

	
	Number of additional DMRS
	
	1
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1
	1

	Number of HARQ Processes
	
	4
	8

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	2
	Specific to each TDD UL-DL pattern and as defined in Annex A.1.2

	Note 1:	Other parameters are same as TS38.101-4 Table 5.2-1.
Note 2:	Tx EVM: 2.0%



4.2	Test scenario
4.2.1	FDD
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	10 / 15
	1024QAM, MCS24,
0.833
	TDLA30-10
	2x2, ULA Low
	70
	TBD

	1-2
	10 / 15
	1024QAM, MCS24,
0.833
	TDLA30-10
	2x4, ULA Low
	70
	TBD



4.2.2	TDD
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-3
	40 / 30
	1024QAM, MCS24,
0.833
	FR1.30-1
	TDLA30-10
	2x2, ULA Low
	70
	TBD

	1-3
	40 / 30
	1024QAM, MCS24,
0.833
	FR1.30-1
	TDLA30-10
	2x4, ULA Low
	70
	TBD
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[bookmark: _Hlk84256489]Appendix: MCS table with 1024QAM entries
	MCS Index
IMCS 
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.3770

	2
	2
	449
	0.8770

	3
	4
	378
	1.4766

	4
	4
	490
	1.9141

	5
	4
	616
	2.4063

	6
	6
	466
	2.7305

	7
	6
	517
	3.0293

	8
	6
	567
	3.3223

	9
	6
	616
	3.6094

	10
	6
	666
	3.9023

	11
	6
	719
	4.2129

	12
	6
	772
	4.5234

	13
	6
	822
	4.8164

	14
	6
	873
	5.1152

	15
	8
	682.5
	5.3320

	16
	8
	711
	5.5547

	17
	8
	754
	5.8906

	18
	8
	797
	6.2266

	19
	8
	841
	6.5703

	20
	8
	885
	6.9141

	21
	8
	916.5
	7.1602

	22
	8
	948
	7.4063

	23
	10
	805.5
	7.8662

	24
	10
	853
	8.3301

	25
	10
	900.5
	8.7939

	26
	10
	948
	9.2578

	27
	2
	reserved

	28
	4
	reserved

	29
	6
	reserved

	30
	8
	reserved

	31
	10
	reserved
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SDR test, AWGN, DMRS 1+1

FDD SCS=15kHz/CBW=20MHz, MCS25, Rank 2

FDD SCS=15kHz/CBW=20MHz, MCS25, Rank 4

FDD SCS=30kHz/CBW=100MHz, MCS25, Rank 2

FDD SCS=30kHz/CBW=100MHz, MCS25, Rank 4

FDD SCS=15kHz/CBW=20MHz, MCS24, Rank 2

FDD SCS=15kHz/CBW=20MHz, MCS24, Rank 4

FDD SCS=30kHz/CBW=100MHz, MCS24, Rank 2

FDD SCS=30kHz/CBW=100MHz, MCS24, Rank 4


