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1. Introduction
In last meeting, we discussed how to define the requirements of demodulation performance for FR2-1 UL 256QAM. And some agreements about simulation were approved in WF [2] as below:

· The demodulation performance requirements for UL 256QAM will be defined only for PUSCH.

· Introduce only one FR2-1 PUSCH with 256QAM demodulation requirements up to 39 GHz, carrier frequency of 39GHz shall be used for the requirements definition.
· CP-OFDM waveform type.
· Rank 1 for UL 256QAM.

· No PTMI applicable, due to Rank 1.
· Interested companies are encouraged to bring simulations to RAN4#108-bis with and without phase noise model, and provide information of phase noise model, with PT-RS enabled and disable.
· PTRS configuration for CP-OFDM: K_PTRS: 2 and L_PTRS =1
· Interested companies to provide simulation results with single (1+0) and additional (1+1) DMRS for RAN4#108-bis.

· DMRS Mapping Type B.
· 70% of Max Throughput.

· Full RB allocation of the applicable BW.

· The number of HARQ Transmissions is 4

· Frequency hopping disabled.

· Code Block Group disabled

· Limited buffer rate matching disabled
As discussion in last meeting, some parameters need further down select in this meeting based on the simulation results, as listed in below: 
· The following candidate channel models can be considered for simulation at RAN4 #108 bis and down selected at later meetings for requirements.

· TDLA 30-35

· TDLD 30-35
· Interested companies are encouraged to bring simulation on the following configurations: 60 kHz SCS/50 MHz, 120 kHz SCS/50 MHz, 100 and 200 MHz, discussion for further down selection based on simulation results at for RAN4#108-bis.

· RAN4 considers the following candidate MCS before down selection for requirements definition at RAN4#108 bis (all in Table 2): MCS 20, 21 and 22 with a priority on MCS 20.
In this contribution, we mainly provided the simulation results for 1T2R configuration.
2.  Discussion
2.1 Simulation results for PUSCH demodulation
Based on above simulation assumptions, we simulated related cases and the simulation results show in the annex

To help down select some parameters, Table 2.1-1 lists partial simulation results with Rank1 of 1T2R, with both 2 DMRS and 1 DMRS and PTRS enabled, with TDLA30-35 and TDLD30-35 for 200MHz, 100 MHz and 50 MHz channels with 120kHz SCS, for MCS 20-22 for both (TxEVM and RxPN) and (no TxEVM and no RxPN):
Table 2.1-1 Simulation results for different parameters
	
	
	
	
	60kHz
	120kHz

	
	
	
	
	50MHz
	50MHz
	100MHz
	200MHz

	TxEVM and RxPN with PTRS enabled
	MCS20
	TDLA30-35
	DMRS 1+1
	17.97 
	18.19 
	19.42 
	18.42 

	
	
	TDLA30-35
	DMRS 1+0
	18.21 
	18.67 
	19.57 
	18.86 

	
	
	TDLD30-35
	DMRS 1+1
	17.06 
	17.02 
	17.37 
	17.22 

	
	
	TDLD30-35
	DMRS 1+0
	17.51 
	17.33 
	17.35 
	17.59 

	
	MCS21
	TDLA30-35
	DMRS 1+1
	
	　
	20.20
	19.10 

	
	
	TDLA30-35
	DMRS 1+0
	
	19.23 
	20.08 
	19.90 

	
	
	TDLD30-35
	DMRS 1+1
	
	17.98 
	18.00　
	18.18 

	
	
	TDLD30-35
	DMRS 1+0
	
	18.59 
	19.26 
	19.71 

	
	MCS22
	TDLA30-35
	DMRS 1+1
	
	20.51 
	21.12 
	21.49 

	
	
	TDLA30-35
	DMRS 1+0
	
	21.52 
	20.52 
	22.49 

	
	
	TDLD30-35
	DMRS 1+1
	
	19.87 
	　
	19.40 

	
	
	TDLD30-35
	DMRS 1+0
	
	20.97 
	20.25 
	20.85 

	No TxEVM and No RxPN with PTRS enabled
	MCS20
	TDLA30-35
	DMRS 1+1
	
	17.42 
	　
	17.45 

	
	
	TDLA30-35
	DMRS 1+0
	
	17.62 
	18.20 
	17.30 

	
	
	TDLD30-35
	DMRS 1+1
	
	16.78 
	16.71 
	16.53 

	
	
	TDLD30-35
	DMRS 1+0
	
	17.40 
	16.38 
	16.62 

	
	MCS21
	TDLA30-35
	DMRS 1+1
	
	17.64 
	18.27 
	18.59 

	
	
	TDLA30-35
	DMRS 1+0
	
	　
	18.86 
	18.18 

	
	
	TDLD30-35
	DMRS 1+1
	
	17.57 
	17.57 
	17.73 

	
	
	TDLD30-35
	DMRS 1+0
	
	17.51 
	　
	17.41 

	
	MCS22
	TDLA30-35
	DMRS 1+1
	
	19.99 
	19.56 
	19.46 

	
	
	TDLA30-35
	DMRS 1+0
	
	19.59 
	19.66 
	19.63 

	
	
	TDLD30-35
	DMRS 1+1
	
	18.50 
	18.58 
	18.11 

	
	
	TDLD30-35
	DMRS 1+0
	
	18.69 
	　
	18.50 


Compared with the simulation results, from the impact of MCSs, we can see the SNR with MCS22 will exceed 20dB for some configurations, and the SNR with MCS21 will exceed 19dB for some configurations. Actually, in Rel-15 it had been discussed that the SNR upper bound for FR2-1 test is 20dB. So the SNR for FR2-1 UL 256QAM is better not to exceed 20dB, if not, we also need discuss how to handle the tests with SNR larger than 20dB. From this point, we proposed to drop MCS 22 at least. Whether drop MCS21 could further discuss based on the simulation results from other companies.
Proposal 1: First drop down MCS 22 at least, whether dropping down MCS21 could further discuss based on the further simulation results.

From propagation condition, TDLD30-35 has better performance than TDLA30-35, and some SNRs for TDLA30-35 with MCS 20 are larger than 19.5dB from our simulation results. From this point, it’s better to choose TDLD30-35 channel for FR2-1 UL 256QAM, although in current Spec the PUSCH demodulation performances were defined based TDLA channel for the modulation orders lower than 256QAM.

 Proposal 2: Only consider TDLD30-35 channel for FR2-1 UL 256QAM.

About channel bandwidths, 60 kHz SCS/50 MHz, 120 kHz SCS/50 MHz, 100 and 200 MHz were considered in last meeting, and related simulation were done based on different configurations. Based on above simulation results, we can see for 50MHz channel bandwidth with different SCSs, the performances are similar. And 
Proposal 3: SCS and related channel bandwidths should be chosen based on operators’ request.
2.2 FRC parameters for PUSCH demodulation performance requirements
Based on above simulation assumptions, we proposed the FRC parameters with MCS 20 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

	Subcarrier spacing [kHz]
	60
	120
	120
	120

	Allocated resource blocks
	66
	32
	66
	132

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

	Modulation
	256QAM
	256QAM
	256QAM
	256QAM

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

	Payload size (bits)
	37896
	18432
	37896
	75792

	Transport block CRC (bits)
	24
	24
	24
	24

	Code block CRC size (bits)
	24
	24
	24
	24

	Number of code blocks - C
	5
	3
	5
	9

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

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

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

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

	Total symbols per slot with PT-RS (Note 3)
	6831
	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-A9-5
	G-FR2-A9-6
	G-FR2-A9-7
	G-FR2-A9-8

	Subcarrier spacing [kHz]
	60
	120
	120
	120

	Allocated resource blocks
	66
	32
	66
	132

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

	Modulation
	256QAM
	256QAM
	256QAM
	256QAM

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

	Payload size (bits)
	33816
	16392
	33816
	67584

	Transport block CRC (bits)
	24
	24
	24
	24

	Code block CRC size (bits)
	24
	24
	24
	24

	Number of code blocks - C
	5
	2
	5
	9

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

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

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

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

	Total symbols per slot with PT-RS (Note 3)
	6072
	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 4: FRC parameters for 256QAM PUSCH performance requirements in table 2.2-1 and table 2.2-2 can be considered as the starting point.

3. Conclusion

In this contribution, based on last meeting discussion and agreements, we proposed:

Proposal 1: First drop down MCS 22 at least, whether dropping down MCS21 could further discuss based on the further simulation results.

Proposal 2: Only consider TDLD30-35 channel for FR2-1 UL 256QAM.

Proposal 3: SCS and related channel bandwidths should be chosen based on operators’ request.

Proposal 4: FRC parameters for 256QAM PUSCH performance requirements in table 2.2-1 and table 2.2-2 can be considered as the starting point.
And the simulation results for other cases are captured into excel.
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Annex for simulation results for 1T2R for CP-OFDM
	
	
	
	
	
	 TxEVM and RxPN
	No TxEVM and RxPN

	　
	　
	　
	　
	　
	Ideal
	Ideal

	PT-RS Enabled
	60kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	17.97 
	　

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	18.21 
	　

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	17.06 
	　

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.51 
	　

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	　
	　

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	　
	　

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	　
	　

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	　
	　

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	　
	　

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	　
	　

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	　
	　

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	　
	　

	
	120kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	18.19 
	17.42 

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	18.67 
	17.62 

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	17.02 
	16.78 

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.33 
	17.40 


	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	　
	17.64 

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	19.23 
	　

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	17.98 
	17.57 

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	18.59 
	17.51 

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	20.51 
	19.99 

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	21.52 
	19.59 

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	19.87 
	18.50 

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	20.97 
	18.69 

	
	120kHz, 100MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	19.42 
	　

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	19.57 
	18.20 

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	17.37 
	16.71 

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.35 
	16.38 

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	　
	18.27 

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	20.08 
	18.86 

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	18.00 
	17.57 

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	19.26 
	　

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	21.12 
	19.56 

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	20.52 
	19.66 

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	　
	18.58 

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	20.25 
	　

	
	120kHz, 200MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	18.42 
	17.45 

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	18.86 
	17.30 

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	17.22 
	16.53 

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.59 
	16.62 

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	19.10 
	18.59 

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	19.90 
	18.18 

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	18.18 
	17.73 

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	19.71 
	17.41 

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	21.49 
	19.46 

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	22.49 
	19.63 

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	19.40 
	18.11 

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	20.85 
	18.50 

	PT-RS Disabled
	60kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	17.66 
	　

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	17.85 
	　

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	16.78 
	　

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	16.89 
	　

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	　
	　

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	　
	　

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	　
	　

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	　
	　

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	　
	　

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	　
	　

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	　
	　

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	　
	　

	
	120kHz, 50MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	17.66 
	16.51 

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	18.24 
	16.66 

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	17.00 
	15.67 

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.35 
	15.76 

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	18.16 
	17.39 

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	18.74 
	17.15 

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	17.80 
	16.64 

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	17.70 
	16.63 

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	20.39 
	17.87 

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	20.78 
	18.28 

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	19.58 
	17.70 

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	20.55 
	18.32 

	
	120kHz, 100MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	19.46 
	17.53 

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	19.41 
	17.31 

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	17.33 
	15.95 

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.13 
	15.76 

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	19.58 
	17.55 

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	21.06 
	17.64 

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	　
	　

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	　
	16.54 

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	21.74 
	18.74 

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	23.16 
	18.89 

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	　
	　

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	　
	　

	
	120kHz, 200MHz
	MCS20
	TDLA30-35
	DMRS 1+1
	18.81 
	16.62 

	
	
	MCS20
	TDLA30-35
	DMRS 1+0
	19.32 
	16.48 

	
	
	MCS20
	TDLD30-35
	DMRS 1+1
	17.41 
	15.62 

	
	
	MCS20
	TDLD30-35
	DMRS 1+0
	17.96 
	15.62 

	
	
	MCS21
	TDLA30-35
	DMRS 1+1
	20.39 
	17.57 

	
	
	MCS21
	TDLA30-35
	DMRS 1+0
	21.19 
	18.14 

	
	
	MCS21
	TDLD30-35
	DMRS 1+1
	18.22 
	16.96 

	
	
	MCS21
	TDLD30-35
	DMRS 1+0
	19.62 
	17.17 

	
	
	MCS22
	TDLA30-35
	DMRS 1+1
	22.22 
	18.00 

	
	
	MCS22
	TDLA30-35
	DMRS 1+0
	23.76 
	19.17 

	
	
	MCS22
	TDLD30-35
	DMRS 1+1
	20.31 
	17.21 

	
	
	MCS22
	TDLD30-35
	DMRS 1+0
	21.10 
	17.76 
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