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1	Introduction
During RAN4#99-e an agreement on further link and system simulation assumptions were made in order to fine tune the needed simulation permutations for RAN4#100-e meeting.  In this contribution the updated results are presented for both system and link simulations.  

Following the results, Section 2.3, provided is the author’s analysis on the results and the proposed outcome on BS EVM requirement level and the BS class aspects.  During past RAN4 meetings there were some companies concerned that wide area base stations should not be introduced due to the lack of gain or benefit seen by introducing the higher modulation (1024 QAM), the simulation results presented in this contribution illustrate the advantage for which all BS classes would benefit.  

2	Discussion
In previous RAN4 meeting system simulations were discussed as an additional means to help contribute to the decision on BS class applicability.  With the main question of how many users would benefit or see gain from the addition of a higher order modulation, 1024 QAM.  Unlike FR2 the FR1 benefits from channel conditions which lends itself to larger coverage realizations, as such the wide area deployment option should not be excluded.  

2.1	Link Level Simulation Assumptions and Results 
The following table has been adopted from [3] to incorporate parameters identified as needing more consideration for BS EVM requirement.
Table 2.1-1 link level simulation assumptions
	Parameter
	Value 

	Carrier frequency
	2 GHz

	CBW
	40 MHz

	SCS
	15kHz

	Allocated RBs
	Full allocation

	Propagation
	TDL-A 10ns delay spread, Maximum Doppler frequency: 5Hz
TDL-D 10ns delay spread, Maximum Doppler frequency: 5Hz

	MCS
	256QAM: MCS 24 in TS 38.214 Table 5.1.3.1-2: MCS index table 2 for PDSCH, and other MCSs are not precluded
1024QAM: MCS 24 in the following Table accroding to the agreement in RAN1 #104, and  other MCSs are not precluded

	MCS Index
	Modulation Order
	Target code Rate R x [1024]
	Spectral

	IMCS 
	 Qm
	
	efficiency

	23
	10
	805.5
	7.8662

	24
	10
	853
	8.3301

	25
	10
	900.5
	8.7939

	26
	10
	948
	9.2578




	Precoding
	Precoding configuration defined in 38.101-4 Section 7.2 for fading channels; follow PMI

	Symbol type 
	CP-OFDM 

	HARQ 
	8 processes, maximum 4 transmissions

	RV sequence
	{0, 2, 3, 1}

	RANK
	1 and 2

	BS antenna configuration
	1 and 2

	UE antenna configuration
	4

	Antenna correlation (Tx and Rx)
	Low correlation

	Channel estimation 
	Practical 

	Receiver type
	MMSE

	PDSCH configuration
	Type A mapping, Start symbol 1, Duration 13 (for D slots)

	DMRS configuration
	Type 1, Single symbol, 1 additional DMRS

	txEVM
	2%, 2.5%, 3%

	rxEVM
	0.5%, 1%, 1.5%, 2%, 3%



Based upon the above parameters, the following initial results below for rank 1. Black curves correspond to 256QAM MCS24. Note this simulation does not assume UE Rx EVM, that is RxEVM 0%. We also ran the simulation with rank 2, but the peak rate is not reached even with 256QAM MCS24 and TxEVM 2% for the multi-path fading condition such as TDL-A or TDL-D. 
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(a) TDLA10 5Hz
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(b) TDLD10 5Hz


Figure 1	1Tx Rank 1. 
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(b) TDLD10 5Hz


Figure 2	2Tx, Rank 1.

2.2	System Level Assumptions and Results
As agreed WF [1] states the assumptions of the system simulations are based upon R4-2110664 [2].  The UE distribution has been selected of 100% outdoor in order to fully understand the impact and gain on introducing WA BS class.  Additionally, results have also considered full buffer.
[image: ]

2.3	Simulation Result Analysis 
The following is a summary table the corresponding DL SNR is selected from the system level simulations are then related to the most optimal MCS at each SNR from the link simulations where channel conditions (either TDL-A or TDL-D) where chosen for best MCS with highest throughput.
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.

Table 1: Percentage most optimal MCS of users
	[bookmark: _Hlk74575822]CDF [%]
	DL SINR
	1 Tx, Rank 1
	2 Tx, Rank 1

	60
	20
	256 QAM (MCS24, EVM 2.5%)
	256 QAM (MCS24, 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 (MCS25, 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%)



Observation: Analysis shows that at least 20% of users can benefit from 1024 QAM even in WA BS class.
Proposal 1: Wide Area BS should not be excluded from introduction of DL 1024 QAM in NR FR1.

3	Conclusion
In this contribution the following key observations and proposals were made based upon analysis.
Observation: Analysis shows that at least 20% of users can benefit from 1024 QAM even in WA BS class.
Proposal 1: Wide Area BS should not be excluded from introduction of DL 1024 QAM in NR FR1.
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