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[bookmark: _Toc415085486][bookmark: _Toc503902285]1	Introduction
In RAN#90-e, the new WID on NR coverage enhancement was approved [1]. Its content is largely based on the results obtained during SI phase [2] and detailed in TR 38.830 [3]. The following can be noted from WID objectives:                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1, RAN2]
In this contribution, the results of a set of simulations are provided, where different PUSCH configurations are tested.
[bookmark: _Hlk61449522]2	Performance of Type A PUSCH repetitions for Msg3 for different MCS index configurations
In the following, the results of a set of simulations are provided, where different PUSCH configurations are tested. More precisely, different combinations of MCS index and number of PRB that can be used to support a TBS compatible with several Msg3 payload sizes are considered. 
The following payload sizes are considered: 72, 144, 208, 282, 480 and 640 bits. Two configurations are considered for each payload size, one with lower and one with higher MCS index (with their corresponding number of allocated PRBs to satisfy the payload requirement). This is useful, for instance, to
1. Assess what would happen in case of applications such as Msg3 transmission after groupB preamble transmission, SDT, etc. 
2. Assess the impact of the use of large MCS indices on MCL/MPL of the PUSCH carrying the Msg3.
Furthermore, different number of OFDM symbols allocated for PUSCH, are considered, 10, 12 and 14.
This yields the following simulation configurations for evaluation purposes, where L and H denote the configuration with lower and higher MCS index, respectively:

	
	10 OFDM symbols
	12 OFDM symbols
	14 OFDM symbols

	
	PRBs
	MCS#
	PRBs
	MCS#
	PRBs
	MCS#

	72 bits [H]
	1
	6
	1
	5
	1
	4

	72 bits [L]
	3
	1
	3
	0
	2
	1

	144 bits [H]
	2
	6
	2
	5
	2
	4

	144 bits [L]
	6
	1
	6
	0
	4
	1

	208 bits [H]
	3
	6
	2
	7
	2
	6

	208 bits [L]
	7
	2
	7
	1
	5
	1

	282 bits [H]
	3
	8
	3
	6
	2
	8

	282 bits [L]
	7
	3
	9
	1
	7
	1

	480 bits [H]
	5
	8
	4
	8
	3
	8

	480 bits [L]
	12
	3
	9
	3
	10
	2

	640 bits [H]
	7
	8
	5
	8
	4
	8

	640 bits [L]
	15
	3
	12
	3
	10
	3



Table 1 - Configurations for performance evaluation of different PUSCH configurations and Msg3 payload sizes, with 10, 12 and 14 OFDM symbols allocated for the PUSCH.

The following setting has been simulated.

	Scenario
	Urban Macro FR1 TDD @ 4GHz

	Slot structure
	DDDSU

	Channel model
	TDL-C, NLOS

	UE speed
	UE speed = 3 Kmh

	Number or Rx/Tx chains
	1T2R

	SCS
	30 kHz

	BWP size
	100 MHz

	Waveform
	DFT-S-OFDM

	PRBs and MCS configuration
	According to the tables above

	FH
	Inter-slot

	Number of repetitions
	{1,2,4}

	RV sequence
	[0 2 3 1]




A summary of evaluation results when TBS=72 is depicted in Table 3, whereas a summary of evaluation results when TBS=144, TBS=208, TBS=282, TBS=480 and TBS=640 is provided in Table 2, Table 3, Table 4, Table 5, Table 6 and Table 7, respectively. Each table is organized as follows:

· The column w/ power normalization provides the 10% BLER SNR considering the impact of the number of allocated PRBs on the power per RE at the transmitter (the UE). In other words, this represents .
· The column Gap provides the LB difference between [H] and [L] configurations, where green cells are used to highlight cases for which [L] yields a larger LB, and red cells are used to highlight cases for which [H] yields a larger LB.



	Number of allocated OFDM symbols
	Number of Msg3 repetitions
	H
	L 
	Gap [dB]

	
	
	10% BLER SNR [dB]
	w/ power normalization [dB]
	10% BLER SNR [dB]
	w/ power normalization [dB]
	

	14
	1
	5.63
	5.63
	1.69
	4.7
	0.93

	12
	1
	6.88
	6.88
	-0.5
	4.27
	2.61

	10
	1
	9
	9
	0.5
	5,27
	3.73

	14
	2
	0.75
	0.75
	-1.88
	1.13
	-0.38

	12
	2
	1.63
	1.63
	-3
	1.77
	-0.14

	10
	2
	3.25
	3.25
	-2
	2.77
	0.48

	14
	4
	-2.5
	-2.5
	-3.8
	-0.74
	-1,76

	12
	4
	-1.88
	-1.88
	-6.3
	-1,48
	-0.4

	10
	4
	-0.88
	-0.88
	-4
	0,77
	-1.65



Table 2 - Evaluation results of [H] and [L] when TBS=72.


	Number of allocated OFDM symbols
	Number of Msg3 repetitions
	H
	L 
	Gap [dB]

	
	
	10% BLER SNR [dB]
	w/ power normalization [dB]
	10% BLER SNR [dB]
	w/ power normalization [dB]
	

	14
	1
	4.25
	7.26
	0.63
	6.65
	0.61

	12
	1
	5.44
	8.45
	-0.88
	6.91
	1,54

	10
	1
	6.88
	9.89
	0.38
	8.16
	1,73

	14
	2
	0.5
	3.51
	-2
	4.02
	-0.51

	12
	2
	1.38
	4.39
	-2.5
	5.28
	-0.89

	10
	2
	2.25
	5.26
	-2.13
	5.66
	-0.4

	14
	4
	-2.13
	0.89
	-3.5
	2.52
	-1.63

	12
	4
	-1.75
	1.26
	-4.75
	3.03
	-1,77

	10
	4
	-1.38
	1.63
	-3.63
	4.16
	-2,53



Table 3 - Evaluation results of [H] and [L] when TBS=144.


	Number of allocated OFDM symbols
	Number of Msg3 repetitions
	H
	L 
	Gap [dB]

	
	
	10% BLER SNR [dB]
	w/ power normalization [dB]
	10% BLER SNR [dB]
	w/ power normalization [dB]
	

	14
	1
	6.81
	9.82
	1.5
	8.49
	1.33

	12
	1
	9.5
	12.51
	0.63
	9.08
	3.43

	10
	1
	5.88
	10.64
	1.63
	10.08
	0.56

	14
	2
	3.5
	6.51
	-1.5
	5.49
	1,02

	12
	2
	3.88
	6.89
	-1.63
	6.83
	0.06

	10
	2
	3
	7.77
	-1.5
	6.95
	0.82

	14
	4
	-0.25
	2.76
	-3.38
	3,61
	-0.85

	12
	4
	0.5
	3.51
	-3.5
	4.95
	-1.44

	10
	4
	-1
	3.77
	-3
	5.45
	-1.68



Table 4 - Evaluation results of [H] and [L] when TBS=208.

	Number of allocated OFDM symbols
	Number of Msg3 repetitions
	H
	L 
	Gap [dB]

	
	
	10% BLER SNR [dB]
	w/ power normalization [dB]
	10% BLER SNR [dB]
	w/ power normalization [dB]
	

	14
	1
	9.25
	12.26
	0.88
	9.33
	2.93

	12
	1
	5.9
	10.65
	0.38
	9.92
	0.72

	10
	1
	7.69
	12.46
	0.94
	10.48
	1.98

	14
	2
	4.5
	7.51
	-3
	5.45
	2.06

	12
	2
	3
	7.77
	-3.13
	6.42
	1.35

	10
	2
	4.13
	8.9
	-3
	6.54
	2.36

	14
	4
	1
	4.01
	-5.13
	3.33
	0.68

	12
	4
	-1
	3.77
	-5
	4.54
	-0.77

	10
	4
	0.19
	4.96
	-4.88
	4.67
	0.29



Table 5 - Evaluation results of [H] and [L] when TBS=282.


	Number of allocated OFDM symbols
	Number of Msg3 repetitions
	H
	L 
	Gap [dB]

	
	
	10% BLER SNR [dB]
	w/ power normalization [dB]
	10% BLER SNR [dB]
	w/ power normalization [dB]
	

	14
	1
	7.69
	12.46
	0.32
	10.31
	2.15

	12
	1
	7.94
	13.96
	2.13
	11.67
	2.29

	10
	1
	7.44
	14.43
	1.19
	11.98
	2.45

	14
	2
	4.13
	8.9
	-3.25
	6.75
	2.15

	12
	2
	3.5
	9.52
	-1.81
	7.73
	1.79

	10
	2
	3.38
	10.36
	-2.75
	8.04
	2.32

	14
	4
	0.19
	4.96
	-4.5
	5.5
	-0.54

	12
	4
	-0.94
	5.08
	-4
	5.54
	-0.46

	10
	4
	-0.69
	6.3
	-4
	6.79
	-0.49



Table 6 - Evaluation results of [H] and [L] when TBS=480.

	Number of allocated OFDM symbols
	Number of Msg3 repetitions
	H
	L 
	Gap [dB]

	
	
	10% BLER SNR [dB]
	w/ power normalization [dB]
	10% BLER SNR [dB]
	w/ power normalization [dB]
	

	14
	1
	7.94
	13.96
	1.62
	11.63
	2.33

	12
	1
	7.44
	14.43
	1.88
	11.98
	2.45

	10
	1
	6.9
	15.35
	1.13
	12.89
	2.46

	14
	2
	3.5
	9.52
	-2.37
	7.63
	1.89

	12
	2
	3.38
	10.36
	-2.75
	8.04
	2.32

	10
	2
	3.3
	11.75
	-2.94
	8.82
	2.93

	14
	4
	-0.94
	5.08
	-3.88
	6.12
	-1.04

	12
	4
	-0.69
	6.3
	-4
	6.79
	-0.49

	10
	4
	-0.94
	7.51
	-3.88
	7.89
	-0.38



Table 7 - Evaluation results of [H] and [L] when TBS=640.


The following conclusions can be drawn from the obtained results:

· Keeping MCS index below 4 does not hinder the performance of the system if the number of repetitions is not larger than 2.
· It can be inferred from the results that configuring [L] with MCS index 2 and MCS index 3 can provide better performance than [H] also for number of repetitions not larger than 2.
· The larger the payload size, the more [L] outperforms [H], if the number of repetitions is not larger than 2.
· This is because the beneficial impact of the lower MCS index set for [L] is visible as long as the effective coding gain of [H] is not competitive, as the number of repetitions increases. 
· Further studies would be necessary for larger repetition numbers, however the results during the SI showed that configuring a repetition number larger than 4 may not be needed in a large majority of the cases. 
· Performance difference is never very large. The two alternatives slightly outperform one another, depending on the considered configuration. In this context, it is observed that the performance difference a bit larger when [L] outperforms [H] than when [H] outperforms [L].
· The reason of the performance difference in this case is to be found in the interaction between frequency diversity, PSD variation and coding gain variation. When the initial coding rate is low, [L] will always perform better than [H], since coding gain dominates PSD gain due to how the MCS table is designed (the coding gain steps are rather large). This effect increases as the TBS grows, i.e., the larger the TBS the more [L] (i.e., prioritization of coding gain over PSD gain) is better than [H]. However, when the number of repetitions grows, the difference in terms of coding rate becomes less relevant (although always present in favor of [L], by construction), whereas the PSD gain becomes more relevant and start having a dominating effect. There is a tradeoff in this sense, and a crossing point after which [H] becomes better. In this context, it may be interesting to consider a table we provided for RRC_CONNECTED PUSCH during the SI, where the result of extensive studies performed on this coding gain vs. PSD gain trade-ff was provided (the best operating point in the table is highlighted in green). While the focus of that study was on a different PUSCH instance, the logic would still apply to the PUSCH carrying Msg3, in terms of physical property. As can be seen from Table 8, results are not supporting the prioritization of PSD gain over coding gain.


	MCS index
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	Number of PRBs
	10
	11
	13
	16
	19
	23
	30
	37
	48
	59
	74
	90
	115
	144
	192

	PSD variation 
[in dB per RE]
	0
	-0.41
	-1.14
	-2.04
	-2.79
	-3.62
	-4.77
	-5.68
	-6.81
	-7.71
	-8.69
	-9.54
	-10.61
	-11.58
	-12.83

	Coding gain variation [in dB per RE]
	0
	1.06
	2.25
	3.63
	4.98
	6.08
	7.27
	8.45
	9.59
	10.39
	11.52
	12.36
	13.70
	15.06
	16.19

	Net MCL/MPL variation
	0
	0.65
	1.11
	1.58
	2.20
	2.46
	2.59
	2.76
	2.78
	2.79
	2.80
	2.82
	3.10
	3.48
	3.35


[bookmark: _Ref86917688]Table 8 - PUSCH MCL gain [in dB] by increasing number of PRBs and reducing MCS (table 3) with target throughput of 1Mbps for Urban FR1 TDD, NLOS, 100MHz BW, 3 km/h UE speed and 30kHz SCS.

[bookmark: _Hlk86918074]Summarizing, and given all the above considerations related to flexibility and performance, the need of supporting and configuring MCS indices larger than 7 is unclear for coverage limited scenario. Indeed, restricting the configuration to indices from MCS#0 and MCS#7 does not display deterministic and significant performance loss/increase as compared to higher MCS indices counterparts (it depends on the considered configuration). 

[bookmark: _Toc92292726]Observation 1. Restricting the MCS index configuration to indices from MCS#0 and MCS#7 does not yield deterministic and significant performance loss/increase as compared to higher MCS indices counterparts (it depends on the considered configuration).

3	Conclusions
In this contribution, the results of a set of simulations, where different PUSCH configurations are tested, were provided.
The following observation has been made:
Observation 1. Restricting the MCS index configuration to indices from MCS#0 and MCS#7 does not yield deterministic and significant performance loss/increase as compared to higher MCS indices counterparts (it depends on the considered configuration).
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