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[bookmark: _Toc116995841]Introduction
In RAN #96, a new RAN4 WI “NR_ENDC_RF_FR1_enh2” was approved [1] with the following objectives defined regarding the performance aspects of Rel-18 FR1:
	[bookmark: OLE_LINK22]The objectives of performance part for Rel-18 RF FR1 requirement focus evolution include:
· Enable 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices
· Specify the BS demodulation performance requirements to support UL 4-layer MIMO UE operation
·  Enable 8Rx for CPE/FWA/vehicle/industrial devices
· Specify RLM test cases to support 8Rx
· Investigate if the existing 4Rx RLM test can be reused or the new test will be specified
· Specify UE demodulation performance and CSI requirements with up to 8 layers to support 8Rx
· Investigate and, if necessary, specify the requirements with up to 8 DL MIMO layers
· Specify the SDR requirements with 8 MIMO layers
· Specify release independence requirements in TS 38.307 if needed.




Hence, given this plenary agreement, it is needed that the performance requirements of the BS demodulator are agreed, in order to define the minimum performance requirements of a 5G NR BS, for the demodulation of PUSCH when utilizing 4Tx in FR1.
	The objectives of core part for Rel-18 RF FR1 requirement focus evolution include:
[bookmark: OLE_LINK19]Enable 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices [RAN4]
· Investigate framework and architecture Example bands:
· TDD bands: n41, n77/n78
· FDD bands: n1
· Note 1: the total number of example bands should be limited to 3. n77/n78 are considered as one band during the study.
· Note 2: other bands to be introduced in the release independent way later on from Rel-18
· Note 3: specifying requirements for TDD bands has first priority
·   Specify the UE RF requirements to support 4Tx
· First priority: 4x4 UL MIMO
· Second priority: investigate and if necessary specify TxD requirement to support the same power class in UL MIMO and single antenna port 
· PA configuration assumption:
· First priority: 4x23dBm
· Second priority: 2x23dBm + 2x26dBm, 4x26dBm
· UE power class
· First priority: PC 1.5
· Second priority: PC2/PC3, and/or new power class if needed
· Note 1: PC1.5 is only applicable for TDD bands
· Note: detailed combinations for 2nd priority PA/UE power class assumptions are to be revisited in RAN#97



In this contribution we provide simulation results to support our companion discussion tdoc [3], based upon the parameters defined in [2]

[bookmark: _Toc116995842]Discussion
This paper presents the results of simulations which have been conducted by Nokia based on the parameters defined [1]. This simulation parameters agreed at RAN4 #106 and distributed in the WF for 4Tx [2] can be seen summarised in Table 1.

[bookmark: _Ref130808576][bookmark: _Ref131162212]Table 1 : Extended Simulation Parameters for 4Tx following RAN4# 106
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3dB

	
	DM-RS port
	{0, 1, 2, 3}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	PUSCH mapping type
	A and B

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	TPMI index for 4Tx four-layer spatial multiplexing transmission 
	0, FFS on 4

	Code block group based PUSCH transmission
	Disabled

	Antenna Configuration
	4T4R and 4T8R

	Bandwidth and SCS
	BW
	SCS

	
	5 MHz
	15 kHz


	
	20 MHz
	

	
	50 MHz
	

	
	10 MHz
	30 kHz

	
	100 MHz
	

	Propagation Conditions and MCS
	Propagation 
	MCS (Table 1)

	
	TDLA 30 - 10
	16

	
	
	17

	
	
	20

	
	TDLB 100-400
	2

	
	TDLC 300-100
	12

	
	
	16

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.



All the values represent the SNR value in dB at which 70% of the maximum throughput could be reached.
Results will be presented broken down by propagation type, please note that results for TDLB 100-400 include results for the medium correlation channel, which we propose to be included in the 4Tx performance specifications, specifically including a sparse (idx 0) and dense TPMI (idx 4), this is discussed explicitly in our companion tdoc [3] and was marked FFS within [2].

Results for TDLA 30-10
Table 2 presents the results for TDLA 10-30 propagation environment, the results are presented for both PUSCH mapping types, and all results are using TPMI 0 and ‘low’ correlation.
[bookmark: _Ref131167684]Table 2 : Results for TDLA 10-30, TPMI 0
	Parameter
	SNR Value (@ 70% TPUT)
ideal

	Rank
	Ant.
	SCS
	BW
	MCS

	PUSCH Mapping Type A
	PUSCH Mapping Type B

	Rank4
	4T4R
	15kHz
	5MHz
	16
	15.7
	15.8

	Rank4
	4T4R
	15kHz
	5MHz
	17
	16.2
	16.2

	Rank4
	4T4R
	15kHz
	5MHz
	20
	19.4
	19.4

	Rank4
	4T4R
	15kHz
	20MHz
	16
	17.0
	16.9

	Rank4
	4T4R
	15kHz
	20MHz
	17
	17.3
	17.3

	Rank4
	4T4R
	15kHz
	20MHz
	20
	21.4
	21.4

	Rank4
	4T4R
	15kHz
	50MHz
	16
	18.3
	18.4

	Rank4
	4T4R
	15kHz
	50MHz
	17
	18.5
	18.5

	Rank4
	4T4R
	15kHz
	50MHz
	20
	23.3
	23.3

	Rank4
	4T4R
	30kHz
	100MHz
	16
	16.0
	16.0

	Rank4
	4T4R
	30kHz
	100MHz
	17
	16.4
	16.4

	Rank4
	4T4R
	30kHz
	100MHz
	20
	19.4
	19.4

	Rank4
	4T4R
	30kHz
	100MHz
	16
	17.9
	18.0

	Rank4
	4T4R
	30kHz
	100MHz
	17
	18.1
	18.2

	Rank4
	4T4R
	30kHz
	100MHz
	20
	22.8
	22.8

	Rank4
	4T8R
	15kHz
	5MHz
	16
	8.4
	8.4

	Rank4
	4T8R
	15kHz
	5MHz
	17
	9.0
	9.0

	Rank4
	4T8R
	15kHz
	5MHz
	20
	11.7
	11.7

	Rank4
	4T8R
	15kHz
	20MHz
	16
	8.8
	8.9

	Rank4
	4T8R
	15kHz
	20MHz
	17
	9.4
	9.4

	Rank4
	4T8R
	15kHz
	20MHz
	20
	12.3
	12.4

	Rank4
	4T8R
	15kHz
	50MHz
	16
	9.3
	9.4

	Rank4
	4T8R
	15kHz
	50MHz
	17
	9.8
	9.9

	Rank4
	4T8R
	15kHz
	50MHz
	20
	12.7
	12.7

	Rank4
	4T8R
	30kHz
	100MHz
	16
	8.6
	8.6

	Rank4
	4T8R
	30kHz
	100MHz
	17
	9.2
	9.2

	Rank4
	4T8R
	30kHz
	100MHz
	20
	11.7
	11.8

	Rank4
	4T8R
	30kHz
	100MHz
	16
	9.3
	9.4

	Rank4
	4T8R
	30kHz
	100MHz
	17
	9.8
	9.9

	Rank4
	4T8R
	30kHz
	100MHz
	20 
	12.8
	12.8



Results for TDLB 100-400

Table 3 presents the results for TDLB 100-400 propagation environment. For this channel, results have been included for a dense TPMI, specifically TPMI 4 (as indicated as FFS in [2]), further to this, as due to having no spatial component in ‘low’ correlation channels, results for ‘medium’ correlation have also been included, these are specified in [4].
The performance delta between these TPMIs in low and medium correlation are discussed in [3].
Results with a yellow box were unable to be produced in time for RAN4 #106-bis-e and results with ‘/’ were not simulated, as these columns are for results to support the study on dense TPMIs in ‘medium’ correlation channels.

[bookmark: _Ref131167759]Table 3 : Results for TDLB 100-400
	Parameters
	SNR Value (@ 70% TPUT)
ideal

	
	PUSCH Mapping Type A

	PUSCH Mapping Type B


	
	Low Correlation
	Medium Correlation
	Low Correlation
	Medium Correlation

	Rank
	Ant.
	SCS
	BW
	MCS
	TPMI 0
	TPMI 4
	TPMI 0
	TPMI 4
	TPMI 0
	TPMI 4
	TPMI 0
	TPMI 4

	Rank4
	4T4R
	15kHz
	5MHz
	2
	-1.2
	-1.2
	14.2
	10.3
	-1.2
	-1.2
	14.8
	10.9

	Rank4
	4T4R
	15kHz
	5MHz
	12
	13.0
	13.1
	/
	/
	15.1
	15.3
	/
	/

	Rank4
	4T4R
	15kHz
	20MHz
	2
	-0.9
	-0.9
	16.6
	12.7
	-0.9
	-0.9
	19.0
	14.0

	Rank4
	4T4R
	15kHz
	20MHz
	12
	14.8
	14.7
	/
	/
	
	
	/
	/

	Rank4
	4T4R
	15kHz
	50MHz
	2
	-0.9
	-0.9
	17.0
	12.3
	-0.7
	-0.8
	21.2
	14.5

	Rank4
	4T4R
	15kHz
	50MHz
	12
	16.0
	15.9
	/
	/
	
	
	/
	/

	Rank4
	4T4R
	30kHz
	100MHz
	2
	-1.4
	-1.4
	13.2
	9.5
	-1.4
	-1.4
	13.5
	9.6

	Rank4
	4T4R
	30kHz
	100MHz
	12
	11.5
	11.5
	/
	/
	11.6
	11.5
	/
	/

	Rank4
	4T4R
	30kHz
	100MHz
	2
	-1.0
	-1.0
	15.0
	11.0
	-1.0
	-1.0
	15.3
	11.2

	Rank4
	4T4R
	30kHz
	100MHz
	12
	12.2
	12.2
	/
	/
	12.3
	12.3
	/
	/

	Rank4
	4T8R
	15kHz
	5MHz
	2
	-4.6
	-4.6
	16.7
	12.1
	-4.5
	-4.5
	17.5
	12.6

	Rank4
	4T8R
	15kHz
	5MHz
	12
	5.5
	5.5
	/
	/
	5.9
	5.9
	/
	/

	Rank4
	4T8R
	15kHz
	20MHz
	2
	-4.2
	-4.2
	20.9
	/
	-4.1
	-4.2
	26.0
	19.4

	Rank4
	4T8R
	15kHz
	20MHz
	12
	6.0
	6.0
	/
	/
	7.4
	7.4
	/
	/

	Rank4
	4T8R
	15kHz
	50MHz
	2
	-4.2
	-4.2
	22.7
	15.2
	-4.1
	-4.0
	
	23.3

	Rank4
	4T8R
	15kHz
	50MHz
	12
	6.2
	6.2
	/
	/
	7.9
	7.9
	/
	/

	Rank4
	4T8R
	30kHz
	100MHz
	2
	-4.6
	-4.6
	15.6
	11.1
	-4.5
	-4.6
	16.2
	11.3

	Rank4
	4T8R
	30kHz
	100MHz
	12
	5.1
	5.1
	/
	/
	5.1
	5.1
	/
	/

	Rank4
	4T8R
	30kHz
	100MHz
	2
	-4.1
	-4.1
	19.2
	13.2
	-4.0
	-4.1
	19.8
	13.5

	Rank4
	4T8R
	30kHz
	100MHz
	12
	5.6
	5.6
	/
	/
	5.7
	5.6
	/
	/



Results for TDLC 300-100
Table 4 presents the results for TDLA 300-100 propagation environment, the results are presented for both PUSCH mapping types, and all results are using TPMI 0 and ‘low’ correlation.
[bookmark: _Ref131169057]Table 4 : Results for TDLC 300-100
	Parameter
	SNR Value (@ 70% TPUT)
ideal

	Rank
	Ant.
	SCS
	BW
	MCS

	PUSCH Mapping Type A
	PUSCH Mapping Type B

	Rank4
	4T4R
	15kHz
	5MHz
	16
	17.9
	17.9

	Rank4
	4T4R
	15kHz
	20MHz
	16
	18.2
	18.1

	Rank4
	4T4R
	15kHz
	50MHz
	16
	18.8
	18.7

	Rank4
	4T4R
	30kHz
	100MHz
	16
	19.2
	19.1

	Rank4
	4T4R
	30kHz
	100MHz
	16
	19.9
	19.9

	Rank4
	4T8R
	15kHz
	5MHz
	16
	9.4
	9.4

	Rank4
	4T8R
	15kHz
	20MHz
	16
	9.5
	9.6

	Rank4
	4T8R
	15kHz
	50MHz
	16
	9.8
	9.9

	Rank4
	4T8R
	30kHz
	100MHz
	16
	10.0
	10.1

	Rank4
	4T8R
	30kHz
	100MHz
	16
	10.4
	10.6



[bookmark: _Toc116995848]Conclusion
In this contribution, simulation results were provided on the 4Tx parameters as agreed in R4-2302926 [2].
These results are discussed, and a series of observations and proposals made in [3].
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