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Introduction
The discussion in the last eMeeting [1] formed a good foundation of agreements [2].
However, a set of issues remained open:
· MCS choice (MCS24, MCS22 based on feasibility).
· DM-RS AddPos=2.
· PT-RS configuration.
· Phase noise impact.
· Tx EVM.
· Number of TX, RX, and layers.
· CBWs.
· TDD pattern impact

In this contribution we will express our views on the open issues and open new discussions, if necessary.
All presented simulation results extracts are taken from our companion contribution [3].


Discussion

MCS, DM-RS, and PT-RS configuration
The last meeting’s WF captures the following open issues on MCS, DM-RS, and PT-RS configuration [2]:
	· MCS: Evaluate {MCS24, MCS22} as starting point for next meeting, based on the simulation results to decide if MCS24 is feasible, otherwise to check lower MCS22 is feasible or not.
· Additional DM-RS (dmrsAdditionalPosition): pos1, FFS pos2 
· Decide based on interesting companies’ feedback for next meeting
· PT-RS configuration: FFS configure PT-RS.
· Further discuss and decide whether to configure PT-RS or not based on feedback from interesting companies in next meeting. 



Concerning MCS
We observe from our simulation results [3] that even for rank 1, the ideal simulation results still require >20dB of SNR for MCS 24 (see Table 1 for 2Tx2Rx example results):
[bookmark: _Ref71472093]Table 1: Results SNR@70%TPUT, 2TX2RX Rank 1
	Antennas
	2Tx2Rx Rank1
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	

	SCS / BW
	15kHz / 
5MHz
	15kHz /
10MHz
	15kHz / 
20MHz
	30kHz / 
10MHz
	30kHz / 
20MHz
	30kHz /
40MHz
	30kHz /
100MHz

	
	
	
	
	
	
	
	

	MCS 24
	
	
	
	
	
	
	

	2 DMRS NoPtrs NoPN
	19.84
	20.55
	20.78
	20.21
	20.57
	20.66
	22.56

	2 DMRS Ptrs PN
	20.95
	21.76
	22.18
	21.34
	21.77
	21.88
	23.82



Using MCS24 the SNR requirements are >20dB, even for the rank1 only cases.
Thus, we propose:
RAN4 to use MCS22 in order to keep SNR requirements within reasonable levels.


Concerning DM-RS
We observe from our simulation results [3] that 3 DM-RS (i.e., addPos=2) does not offer signification performance improvements over 2 DM-RS, but reduces absolute TPUT (see Table 2 for 2Tx2Rx example results and reference for many other cases):
[bookmark: _Ref71472423]Table 2: Results SNR@70%TPUT, 2TX2RX Rank 1
	Antennas
	2Tx2Rx Rank1
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	

	SCS / BW
	15kHz / 
5MHz
	15kHz /
10MHz
	15kHz / 
20MHz
	30kHz / 
10MHz
	30kHz / 
20MHz
	30kHz /
40MHz
	30kHz /
100MHz

	
	
	
	
	
	
	
	

	MCS 24
	
	
	
	
	
	
	

	2 DMRS NoPtrs NoPN
	19.84
	20.55
	20.78
	20.21
	20.57
	20.66
	22.56

	2 DMRS Ptrs PN
	20.95
	21.76
	22.18
	21.34
	21.77
	21.88
	23.82

	3 DMRS NoPtrs NoPN
	19.89
	20.82
	21.08
	20.75
	20.77
	20.97
	22.94

	3 DMRS Ptrs PN
	20.97
	22.02
	22.45
	21.93
	21.93
	22.25
	24.26



3 DM-RS (i.e., addPos=2) does not offer signification performance improvements over 2 DM-RS but reduces absolute TPUT.
PT-RS is generally more suited to combat phase noise effects, at lower overhead compared to DM-RS.
RAN4 to only have requirements for DM-Rs 1+1 (addPos=1).


Concerning PT-RS
We observe from our simulation results [3] that 
1. With PN activated not having PT-RS is advantageous, as the puncturing loss is greater than the PN compensations gain
2. The impact of PN in FR1 MCS24 256QAM TDLA-30 10 cases is less than 0.3dB.
See Table 3 for 2Tx2Rx example results on (1), see Table 4 for example results on (2),  and see the full reference for many other cases.
[bookmark: _Ref71472745]Table 3: Results SNR@70%TPUT, 2TX2RX Rank 1
	[bookmark: _Hlk71473334]Antennas
	2Tx2Rx Rank1
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	

	SCS / BW
	15kHz / 
5MHz
	15kHz /
10MHz
	15kHz / 
20MHz
	30kHz / 
10MHz
	30kHz / 
20MHz
	30kHz /
40MHz
	30kHz /
100MHz

	
	
	
	
	
	
	
	

	MCS 24
	
	
	
	
	
	
	

	2 DMRS NoPtrs NoPN
	19.84
	20.55
	20.78
	20.21
	20.57
	20.66
	22.56

	2 DMRS Ptrs PN
	20.95
	21.76
	22.18
	21.34
	21.77
	21.88
	23.82



[bookmark: _Ref71634072]Table 4: Results SNR@70%TPUT, PN on vs. PN off, without PT-RS compensation
	Antennas
	2Tx2Rx Rank1
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	

	SCS / BW
	15kHz / 
5MHz
	15kHz /
10MHz
	15kHz / 
20MHz
	30kHz / 
10MHz
	30kHz / 
20MHz
	30kHz /
40MHz
	30kHz /
100MHz

	
	
	
	
	
	
	
	

	MCS 24
	
	
	
	
	
	
	

	2 DMRS NoPtrs NoPN
	19.84
	20.55
	20.78
	20.21
	20.57
	20.66
	22.56

	2 DMRS NoPtrs PN
	19.99
	20.71
	21.07
	20.37
	20.74
	20.82
	 

	Diff. PN off vs. on
	-0.15 
	-0.16 
	-0.29 
	-0.16 
	-0.17 
	-0.16 
	




Phase noise has a limited impact on 256QAM FR1 performance (<0.3dB for all tested cases). The “puncturing losses” from configuring PT-RS configuration (K=2, L=1) overwhelm the gains from PN compensation.
RAN4 to not configure PT-RS in FR1 256QAM.


Phase noise impact consideration and Tx EVM
The last meeting’s WF captures the following open issues on phase noise (PN) impact consideration and Tx EVM[2]:
	· Phase Noise modelling:  
· Realistic phase noise modelling is left up to the contributing entities. 
· FFS how to consider phase noise impact based on further discussion and evaluations. 
· Interesting company is welcome to do investigation on the PN impact on 256QAM performance for next meeting. 
· Tx EVM: 
· Interesting companies are welcome to check the performance difference with and without Tx EVM (3.5% as baseline) impact considered. 
· RAN4 will discuss and decide whether additional margin should be considered in alignment results if no Tx EVM modelling in next meeting as per the evaluations results.



As we have observed in the previous section, PN has indeed an impact on the minimum performance.
Hence, it is necessary that companies take PN into account, at least for the final impaired results
RAN4 to take PN models into account for final impaired results.

Concerning the PN impact modelling via TxEVM, we are not convinced that this is the right way to go. Setting a TxEVM value simply constrains the maximum achievable SNR and does not meaningfully impact the performance before this max SNR level.
There are common close approximations for this max SNR caused by TxEVM, see for example [4]:

Which in our case means that a 3.5% EVM limits the max achievable SNR to approx. 29,1 dB.
A 3.5% EVM limits the max achievable SNR to approx. 29.1dB, but has little performance impact below this threshold, which is not in line with the PN performance impact observed in our simulations.
RAN4 to not use TxEVM to approximate PN.


Number of TX, RX, and layers
The last meeting’s WF captures the following open issues on the number of TX, RX, and layers [2]:
	· Number of Tx:
· Option 1: Only 1Tx 
· Option 2: Both 1Tx and 2Tx
· Number of Rx:
· Option 1: 2/8 Rx 
· Option 2: 2/4/8 Rx
· Number of layers:
· Option 1: Only 1 layer 
· Option 2: Both of 1 and 2 layers




Concerning layers
We observe from our simulation results [3] that 2 layers increase the SNR requirements up to 36 dB and 32dB, for MCS 24 and MCS22 respectively (see Table 5 for 2Tx2Rx example results and reference for many other cases):

[bookmark: _Ref71474558][bookmark: _Ref71474529]Table 5: Results SNR@70%TPUT, 2TX2RX Rank 2
	Antennas
	2Tx2Rx Rank2
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	

	SCS / BW
	15kHz / 
5MHz
	15kHz /
10MHz
	15kHz / 
20MHz
	30kHz / 
10MHz
	30kHz / 
20MHz
	30kHz /
40MHz
	30kHz /
100MHz

	
	
	
	
	
	
	
	

	MCS 24
	
	
	
	
	
	
	

	2 DMRS NoPtrs NoPN
	27.15
	28.13
	30.95
	27.82
	28.97
	30.28
	34.33

	2 DMRS Ptrs PN
	28.48
	29.76
	32.84
	29.18
	30.52
	31.89
	36.59

	3 DMRS NoPtrs NoPN
	27.59
	28.63
	31.61
	28.81
	29.50
	30.87
	35.01

	3 DMRS Ptrs PN
	28.83
	30.34
	33.46
	30.29
	31.08
	32.58
	37.27

	
	
	
	
	
	
	
	

	MCS 22
	
	
	
	
	
	
	

	2 DMRS NoPtrs NoPN
	24.79
	25.85
	28.48
	25.85
	26.56
	28.02
	31.07

	2 DMRS Ptrs PN
	25.79
	26.94
	29.65
	26.86
	27.59
	29.09
	32.27

	3 DMRS NoPtrs NoPN
	25.36
	25.96
	28.73
	25.80
	27.24
	28.22
	31.47

	3 DMRS Ptrs PN
	26.34
	27.14
	29.84
	26.79
	28.38
	29.30
	32.64



Using 2 layers increases the SNR requirements up to 36 dB and 32dB, for MCS 24 and MCS22 respectively
Thus,
RAN4 to not cover 2 layer requirements to keep SNR requirements in testable and practical ranges.


Concerning number of TX/RX
We observe from our simulation results [3] the expected behaviour that 256QAM requires rather high SNR levels, but 4Rx and 8Rx configurations (paired with 2Tx) can bring the values into realistic and practical ranges.
It is expected that a BS that configures 256QAM MCS, is advanced enough to have 4Rx and 8Rx configurations.
As such we propose to cover both all TX/RX configurations
RAN4 to cover 1/2 TX and 2/4/8 RX


Other

TDD pattern impact
This issue was not yet raised at the last meeting, but as usually the applicability of TDD pattern derived requirements to FDD testing should be verified.
We observe from our simulation results [3] that the difference between the aligned TDD pattern and FDD, in terms of performance requirements, is negligible (see Table 6):

[bookmark: _Ref71475289]Table 6: Results SNR@70%TPUT, 2TX2RX Rank 1, FDD vs TDD
	Antennas
	2Tx2Rx Rank1
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	

	SCS / BW
	15kHz / 
5MHz
	15kHz /
10MHz
	15kHz / 
20MHz
	30kHz / 
10MHz
	30kHz / 
20MHz
	30kHz /
40MHz
	30kHz /
100MHz

	
	
	
	
	
	
	
	

	MCS 24 FDD
	
	
	
	
	
	
	

	2 DMRS Ptrs PN
	20.95
	21.76
	22.18
	21.34
	21.77
	21.88
	23.82

	MCS 24 TDD
	
	
	
	
	
	
	

	2 DMRS Ptrs PN
	21.00
	21.44
	 
	21.15
	21.69
	21.82
	 

	DELTA
	-0.05
	0.32
	
	0.19
	0.08
	0.06
	



The difference between the aligned TDD pattern and FDD, in terms of performance requirements, is negligible.


CBWs
The last meeting’s WF captures the following open issues on CBWs [2]:
	· SCS and bandwidth
· 15kHz SCS:
- Option 1:5MHz and 10MHz 
- Option 2: 5MHz, 10MHz and 20MHz.
· 30kHz SCS
- Option 1:10MHz and 40MHz 
- Option 2:10MHz, 20MHz, 40MHz and 100MHz.



We don’t see an issue in including more diverse CBWs for the requirements; the test effort is not impacted as every CBW declared to be supported will need to be tested in any case. Hence, it is better to have better adapted performance requirements for each CBW.
RAN4 to include CBWs 5MHz, 10MHz and 20MHz for 15kHZ, and 10MHz, 20MHz, 40MHz and 100MHz, for 30kHz.



Conclusion
In this contribution we have provided our views on 256QAM deployment scenarios and requirement test configurations in FR1. In particular, we have discussed the MCS choice, DM-RS/PT-RS configuration, phase noise modelling, Tx EVM modelling, number of TX, RX, and layers, CBWs, and TDD pattern impact.
We have made the following observations and proposals:

Concerning MCS
1. Using MCS24 the SNR requirements are >20dB, even for the rank1 only cases.
1. RAN4 to use MCS22 in order to keep SNR requirements within reasonable levels.

Concerning DM-RS
3 DM-RS (i.e., addPos=2) does not offer signification performance improvements over 2 DM-RS but reduces absolute TPUT.
RAN4 to only have requirements for DM-Rs 1+1 (addPos=1).

Concerning PT-RS
Phase noise has a limited impact on 256QAM FR1 performance (<0.3dB for all tested cases). The “puncturing losses” from configuring PT-RS configuration (K=2, L=1) overwhelm the gains from PN compensation.
RAN4 to not configure PT-RS in FR1 256QAM.

Phase noise impact consideration and Tx EVM
RAN4 to take PN models into account for final impaired results.
A 3.5% EVM limits the max achievable SNR to approx. 29.1dB, but has little performance impact below this threshold, which is not in line with the PN performance impact observed in our simulations.
RAN4 to not use TxEVM to approximate PN.

Concerning layers
Using 2 layers increases the SNR requirements up to 36 dB and 32dB, for MCS 24 and MCS22 respectively
RAN4 to not cover 2 layer requirements to keep SNR requirements in testable and practical ranges.

Concerning number of TX/RX
RAN4 to cover 1/2 TX and 2/4/8 RX

TDD pattern impact
The difference between the aligned TDD pattern and FDD, in terms of performance requirements, is negligible.

CBWs
RAN4 to include CBWs 5MHz, 10MHz and 20MHz for 15kHZ, and 10MHz, 20MHz, 40MHz and 100MHz, for 30kHz.
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