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1. Introduction
During RAN4#100-e meeting further details were discussed for DL 1024 QAM. Companies submitted simulations results, but it was not possible to agree BS Tx EVM requirement for 1024 QAM modulation and finalize core part of the work item. RAN Plenary agreed to extend the core part of this WI. WF on 1024QAM requirements that capture status of the current options for EVM Tx requirement was agreed in [1]. 
2. Discussion
Agreed WF [1] include following options to decide during RAN4#101-e meeting: 
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

Simulation results that are based on agreed and aligned simulation assumptions were submitted for RAN4#100-e meeting in [2] to [7]. Email discussion summary was provided in [8].  
In this contribution we provide excerpt from some of the submitted simulation results and discussions, where the following observation were made by different companies based on performed simulation results.

From [4]: 

Simulation results show that 1024QAM achieves better throughput than 256QAM at reasonable SNR. Tx EVM 2.5% seems to perform adequately in all cases. Rx EVM should preferably be less than 2%. This combination gives better performance than 256QAM also in rank2 with LOS channel. Rank2 NLOS does not perform well with the simulation assumptions, however with Rx EVM 1.5% even that can achieve higher throughput with 1024QAM than 256QAM.

Observation 2: Simulation results for 1024QAM show that 3% Tx EVM reduces performance in many simulation cases, in some even below 256QAM.
From [5]:
The table combines link and system simulation results and shows that 40% of users experience a DL SINR of at least 25 dB,  which has ability to sustain a link utilizing 1024 QAM (either 1 or 2 Tx).  At this DL SINR a link of 256 QAM may also be a possibility depending on the link level channel conditions.  However, for almost 20% of users the DL SINR is >30dB and 1024 QAM provides gains compared to 256 QAM.

[image: image1.emf]Table  1 : Percentage  most optimal MCS of users  

CDF [%]  DL SINR  1 Tx, Rank 1  2 Tx, Rank 1  

60  20  256  QAM   (MCS2 4 , EVM  2.5 %)  256 QAM   (MCS2 4 , EVM  2.5 %)  

40  25  256 QAM (MCS23, EVM  2.5 %)   1024 QAM  ( MCS23 ,  EVM 2% )  1024 QAM  ( MCS23 ,  EVM 2 .5 % )  

20  30  1024 QAM (MCS2 5 , EVM 2%)   1024 QAM (MCS24, EVM 2 .5 %)  1024 QAM (MCS25, EVM 2 .5 %)  

10  35  1024 QAM (MCS25, EVM  2.5%)   1024 QAM (MCS24, EVM 2%)  1024 QAM (MCS26, EVM 2%)  

5  40  1024 QAM (MCS26, EVM 2%)  1024 QAM (MCS26, EVM 2 .5 %)  

 


It should be noted that if EVM is considered to be 3%, that would limit SNR to approx. 30 dB, causing a restriction on MCS and thereby limiting throughput rates and thereby the benefit and gain of introducing the higher modulation.  This would mean a degradation in performance compared to LTE.
From [6]:

	Observation 1: From link level results we can conclude:

TDL-A channel

· MIMO rank 1: sufficient performance improvement is observed for SNR > 26-29 dB depending on EVM conditions.

· MIMO rank 2: 

· for Rx EVM = 3% there is no performance improvement for SNR < 35dB

· for Rx EVM < 3% small performance improvement can be observed for SNR > 31-35dB depending on EVM conditions. 

TDL-D channel

· MIMO rank 1: sufficient performance improvement is observed for SNR > 25 dB

· MIMO rank 2: sufficient performance improvement is observed for SNR > 30-34 dB depending on EVM conditions

Observations 2: From analysis of required Tx EVM value to achieve benefits of 1024QAM we can conclude that the 1024QAM performance in case of Tx EVM 2.5% is slightly better than in case of Tx EVM 3% for rank 1 and sufficiently better for rank 2.


Above excerpts from submitted simulation results from other companies from last RAN4#100-e meeting shows clearly that 2.5% EVM Tx requirement is required to ensure high performance for 1024QAM modulation scheme. 
During last meetings (RAN4#98-bis-e, RAN4#99-e, RAN4#100-e) many operators active in the discussions raised the issue of relaxation NR EVM requirement in comparison to LTE.  [8]
 Proposal: To agree option 1 with 2.5% EVM BS Tx requirement for 1024QAM.
3. Conclusion

It is therefore with the reasonings presented above there is a clear conclusion to propose to not relax NR BS Tx EVM requirement for 1024QAM modulation.

Proposal: To agree option 1 with 2.5% EVM BS Tx requirement for 1024QAM.
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