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Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN #89-e meeting, the work item on Rel-17 UE and BS demodulation performance enhancement was approved and it was updated with small modification in [1]. For the BS demodulation part, the objectives for PUSCH demodulation requirements for FR1 256QAM are as follows:
BS demodulation requirements:
· PUSCH demodulation requirements for FR1 256QAM
· Note 1: low mobility is considered for requirements definition
· Note 2: Realistic phase noise modelling is left up to the contributing entities





In this paper, the PUSCH demodulation requirements for FR1 256QAM will be studied and discussed.
Discussion 
Discussion:
For PUSCH 256QAM performance requirements, we propose to reuse the parameters of PUSCH 64QAM performance requirements as much as possible. 
PUSCH configuration:
For PUSCH configuration, slot-based with no aggregation factor are preferred. Thus, we propose the following parameters:
Proposal 1: We propose the following parameters for PUSCH configuration:
· Mapping type: Type B
· Starting symbol: 0
· Length: 14
· PUSCH aggregation factor: 1

Propagation condition:
For PUSCH 64QAM, the channel TDLA30-10 with a low time delay was used. We propose to use the same channel for 256QAM as PDSCH will be modulated with a higher coding rate.
Proposal 2: Use propagation condition TDLA30-10 for PUSCH 256QAM performance requirements definition.

SCS and bandwidth:
For SCS and bandwidth, we prefer to define 10 MHz/15 kHz and 40 MHz/30 kHz as they are commonly used for PUSCH FR1 performance requirements. 
Proposal 3: Define PUSCH 256QAM performance requirements for SCS and bandwidth of 15 kHz/10 MHz and 30 kHz/40 MHz
TDD pattern:
TDD pattern of 3D1S1U for 15 kHz and 7D1S2U for 30 kHz are widely used in the commercial network. We prefer to use the same TDD pattern for PUSCH 256QAM.
Proposal 4: We propose to use TDD pattern of 3D1S1U for 15 kHz and 7D1S2U for 30 kHz.

MCS:
The MCS can be selected based on the simulation results. Based on our proposed parameters, we prefer to use MCS21.
Proposal 5: We propose to use MCS21.

Transform precoding:
We prefer to disable the transform precoding as it is mainly used to enhance the capacity of coverage. However, the capacity of coverage is not an issue when data is modulated by 256QAM.
Proposal 6: Only consider CP-OFDM waveform for performance requirements definition.

Antenna configuration:
Similarly with PUSCH 64QAM performance requirements, antenna configuration of 1x2, 1x4 and 1x8 should be considered.
Proposal 7: Define performance requirements with antenna configuration of 1x2, 1x4 and 1x8 for PUSCH 256QAM.

Other parameters:
For other parameters, we propose to reuse the configurations for PUSCH 64QAM:
Proposal 8: Reuse the configurations of PUSCH 64QAM for the following parameters:
	Parameter
	Value

	PUSCH DMRS configuration
	DMRS Type
	Type 1

	
	DMRS duration
	Single-symbol DM-RS

	
	Number of additional DMRS
	1

	Frequency domain resource
	Full Bandwidth

	Maximum number of HARQ transmissions
	4

	Testing metric
	70% maximum throughput



Simulation results:
Based on the parameters we proposed, the performance of PUSCH 256QAM with antenna configuration of 1x2 is simulated. The figure below shows the results:
Figure 1: Simulation results for PUSCH 256QAM with antenna configuration of 1x2
[image: ]
The SNR at 70% throughput is about 16.5dB.
Conclusion 
In this paper, the parameters for PUSCH 256QAM are discussed. The proposed parameters can be concluded in the table below:
	Parameter
	Value

	Frequency range
	FR1

	Transform precoding
	Disabled

	Antenna configuration
	1x2, ULA Low
1x4, ULA Low
1x8, ULA Low

	PUSCH configuration
	Mapping type
	 Type B

	
	Starting symbol (S) 
	0

	
	Length (L)
	14

	
	PUSCH aggregation factor
	1

	PUSCH DMRS configuration
	DMRS Type
	Type 1

	
	DMRS duration
	Single-symbol DM-RS

	
	Number of additional DMRS
	1

	Propagation condition
	TDLA30-10 Low

	MCS index
	MCS21

	SCS and BW
	15 kHz / 10 MHz
30 kHz / 40 MHz

	Frequency domain resource
	Full Bandwidth

	TDD pattern 
	 15 kHz SCS: 3D1S1U, S=10:2:2
30 kHz SCS: 7D1S2U, S=6:4:4

	Maximum number of HARQ transmissions
	4

	Testing metric
	70% maximum throughput




Proposals  
In this paper, we have the followings proposed:
Proposal 1: We propose the following parameters for PUSCH configuration:
· Mapping type: Type B
· Starting symbol: 0
· Length: 14
· PUSCH aggregation factor: 1
Proposal 2: Use propagation condition TDLA30-10 for PUSCH 256QAM performance requirements definition.
Proposal 3: Define PUSCH 256QAM performance requirements for SCS and bandwidth of 15 kHz/10 MHz and 30 kHz/40 MHz
Proposal 4: We propose to use TDD pattern of 3D1S1U for 15 kHz and 7D1S2U for 30 kHz.
Proposal 5: We propose to use MCS21.
Proposal 6: Only consider CP-OFDM waveform for performance requirements definition.
Proposal 7: Define performance requirements with antenna configuration of 1x2, 1x4 and 1x8 for PUSCH 256QAM.
Proposal 8: Reuse the configurations of PUSCH 64QAM for the following parameters:
	Parameter
	Value

	PUSCH DMRS configuration
	DMRS Type
	Type 1

	
	DMRS duration
	Single-symbol DM-RS

	
	Number of additional DMRS
	1

	Frequency domain resource
	Full Bandwidth

	Maximum number of HARQ transmissions
	4

	Testing metric
	70% maximum throughput
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