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Introduction
In the RAN4#92 meeting, the NR Rel-16 performance requirement enhancement BS demodulation open issues were captured in the agreed adhoc minutes [1], no way forward was required. The two open issue being:
· Decide on test cases for 30%TPUT requirements.
· Performance requirement input for the agreed 2T2R MCS12 test cases.
In this contribution we provide views on these topics and discuss the output of our simulation campaigns [2].


PUSCH 30%TPUT requirements
In RAN4#92, no agreements could be reached concerning PUSTH 30%TPUT requirements.
From the discussions captured in [1], it can be seen that many companies are favourable to introducing an extremely limited number of 30%TPUT test cases.
The reluctance of most companies to introduce 30%TPUT requirements on all test cases, becomes clear when looking at the number of test cases currently specified for CP-OFDM alone:
Currently there are 330 test cases specified for CP-OFDM PUSCH alone:
· CP-OFDM, FR1, conducted: 210 TC
· CP-OFDM, FR1, radiated: 70 TC
· CP-OFDM, FR2, radiated: 50 TC
Hence, Nokia would like to propose:
RAN4 to introduce 20 or less new 30%TPUT requirements in Rel-16.

However, the discussions in RAN4#92 also showed mis-alignment between companies on where the limited number of new test cases should be introduced. Or stated differently, it was not agreeable, which test cases would “profit” the most from supplementary 30%TPUT testing. In particular the question of, which MCS should be chosen proved divisive.
A common statement made was that low MCS would force more HARQ retransmissions (reTx) at low relative TPUT, which would test the RV combination feature more thoroughly.
It is Nokia’s opinion that testing additional TPUT operating points only makes sense in cases where new operating points cannot be extrapolated from previous ones. If 30% and 70% are related by a simple the linear relationship, the new 30% values do not carry any new information.
The linearity of a TPUT vs. SINR is easy to evaluate qualitatively by looking at different curves. In Figure 1, we reproduce two figures from our simulation campaign [2], that compare MCS 2 vs MCS 16, in the scenario {1T2R, PRB: 52; Channel: TDLB100; CP-OFDM; FR1; BW: 10MHz; SCS: 15kHz; DM-RS: 1+1, TypeA; NoPtrs}.
[image: ]
Figure 1: TPUT vs. SINR curve linearity.

Testing additional TPUT operating points only makes sense in cases where new operating points cannot be extrapolated from previous ones, i.e., in cases where the TPUT vs. SINR curve exhibits severe non-linear behaviour between the two knees.
Our simulation campaign shows that such non-linearities are more prevalent in certain scenarios:
Table 1: Simulation summary 30%TPUT SINR.
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	MCS
	PRB
	Channel
	 
	 
	CBW
	SCS
	DMRS
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	SINR @ 30% TP
	SINR @ 70% TP
	Mean Nbr of Harq ReTX @ 30% TP
	Mean Nbr of Harq ReTX @ 70% TP
	TPUT curve non-linearity (qualitative)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1T2R
	2
	52
	TDLB100
	CP-OFDM
	FR1
	10MHz
	15kHz
	1+1
	TypeA
	NoPtrs
	-8.84
	-4.68
	2.13
	0.43
	low

	1T2R
	16
	52
	TDLC300
	CP-OFDM
	FR1
	10MHz
	15kHz
	1+1
	TypeA
	NoPtrs
	0.54
	7.79
	2.24
	0.43
	high

	1T2R
	2
	106
	TDLB100
	CP-OFDM
	FR1
	40MHz
	30kHz
	1+1
	TypeA
	NoPtrs
	-9.04
	-4.80
	2.22
	0.43
	low-mid

	1T2R
	16
	106
	TDLC300
	CP-OFDM
	FR1
	40MHz
	30kHz
	1+1
	TypeA
	NoPtrs
	0.51
	7.60
	2.21
	0.43
	mid-high

	1T2R
	2
	132
	TDLA30
	CP-OFDM
	FR2
	100MHz
	60kHz
	1+0
	TypeB
	PTRS
	-9.03
	-4.88
	2.09
	0.43
	none-low

	1T2R
	16
	132
	TDLA30
	CP-OFDM
	FR2
	100MHz
	60kHz
	1+0
	TypeB
	PTRS
	0.89
	8.87
	2.22
	0.43
	mid-high

	1T2R
	2
	66
	TDLA30
	CP-OFDM
	FR2
	100MHz
	120kHz
	1+0
	TypeB
	PTRS
	-9.09
	-5.45
	1.98
	0.43
	none

	1T2R
	16
	66
	TDLA30
	CP-OFDM
	FR2
	100MHz
	120kHz
	1+0
	TypeB
	PTRS
	0.84
	7.80
	2.15
	0.43
	mid

	1T2R
	2
	25
	TDLB100
	DFTs OFDM
	FR1
	5MHz
	15kHz
	1+1
	TypeA
	NoPtrs
	-9.11
	-4.73
	1.99
	0.43
	low

	1T2R
	2
	24
	TDLB100
	DFTs OFDM
	FR1
	10MHz
	30kHz
	1+1
	TypeA
	NoPtrs
	-9.27
	-5.09
	2.07
	0.43
	none



TPUT vs. SINR curves exhibit severe non-linear behaviour for CP-OFDM and high MCS (and tentatively lower SCS). DFT-s-OFDM does not exhibit non-linear curve behaviour.
Which leads us to the following proposal:
RAN4 to introduce no more than 20 new 30%TPUT requirements for CP-OFDM with MCS 16 and 15kHz SCS. Low PRB number performance requirements should be prioritized in the previously mentioned constraints.

Extensive note:
The simulation results in Table 1, also contain the measured mean number of HARQ re-transmissions. 
At the 70%TPUT operating point on average 0.43 reTx are observed, which is perfectly in line with the theoretically expected result (1/0.7-1=0.4286). However, at the 30% TPUT operating point, on average 2.1 reTx are observed. This measured result is smaller than the theoretically expected one of 2.33 (=1/0.3-1).
However, this is very much in line with our expectation. 2.33 would only be the mean value, if infinitely many re-transmissions are allowed. Since, we stop after 3 reTx and count the whole 4 slots as “wasted”, breaking the 3 reTx limit reduces the TPUT over-proportionally. This is quickly seen using a numerical example:
Case 1: No cut-off / theoretical case
Two successful decodes after {1, 9} transmissions:
-> Tx_avg = (1+9)/2 = 5                   \\ Equal to Tx_avg_theo of 20%TPUT
-> TPUT_meas = 2 / (1+9) = 20%
Case 2: 4 Tx cut-off / practical case
Same {1, 9} setting as above, but due to cut-off:
One successful decoding after {1, 4} transmissions:
-> Tx_avg = (1+4)/2 = 2.5               \\ NOT equal to Tx_avg_theo of 20%TPUT
-> TPUT_meas = 1 / (1+4) = 20%
Hence the same measured TPUT (20%) is associated with less Tx_avg (than theoretically expected), when the cut-off rule is evoked more often. So, at 30% TPUT a (much) larger discrepancy between theoretical and measured average reTx occurrences is expected. The discrepancy goes in the direction of “lower” reTx for “lower” TPUT.


PUSCH FR2 MCS 12
In [1] it was agreed to introduce PUSCH FR2 MCS 12.
	Agreements:
Agree to replace all the existing FR2 2T2R requirements with MCS 16 by MCS12 in TS 38.104 and TS 38.141-2.
Reuse the agreed simulation assumptions for FR2 2T2R cases with MCS 16 by referring to Slide#6 in R4-1907241




From our simulation campaign in [2] the following observation is 
The 70% TPUT working point can be reached for all MCS 12 test cases in FR2 2T2R, with a worst-case margin of 7dB to the 20dB OTA test limit.
It was Nokia’s understanding that the NR_perf_enh WI [3] only impact the REl-16 specification, hence the proposal:
Start result collection for PUSCH FR2 MCS 12 performance requirement simulation results and introduce the corresponding performance requirements in Rel-16 versions of TS 38.104 and TS 38.141-2.
This would mean that the Rel-15 “N/A” results for MCS 16 in TS 38.141-2 remain as previously agreed.


Conclusion
In this contribution we have provided our views on which test cases should be introduced for PUSCH 30%TPUT and we have discussed the feasibility and way forward for PUSCH FR2 2T2R MCS12 test cases. We have made the following proposals and observations:

PUSCH 30%TPUT requirements:
1. Currently there are 330 test cases specified for CP-OFDM PUSCH alone:
· CP-OFDM, FR1, conducted: 210 TC
· CP-OFDM, FR1, radiated: 70 TC
· CP-OFDM, FR2, radiated: 50 TC
1. RAN4 to introduce 20 or less new 30%TPUT requirements in Rel-16.
Testing additional TPUT operating points only makes sense in cases where new operating points cannot be extrapolated from previous ones, i.e., in cases where the TPUT vs. SINR curve exhibits severe non-linear behaviour between the two knees.
TPUT vs. SINR curves exhibit severe non-linear behaviour for CP-OFDM and high MCS (and tentatively lower SCS). DFT-s-OFDM does not exhibit non-linear curve behaviour.
RAN4 to introduce no more than 20 new 30%TPUT requirements for CP-OFDM with MCS 16 and 15kHz SCS. Low PRB number performance requirements should be prioritized in the previously mentioned constraints.

PUSCH FR2 2T2R MCS 12 requirements:
The 70% TPUT working point can be reached for all MCS 12 test cases in FR2 2T2R, with a worst-case margin of 7dB to the 20dB OTA test limit.
Start result collection for PUSCH FR2 MCS 12 performance requirement simulation results and introduce the corresponding performance requirements in Rel-16 versions of TS 38.104 and TS 38.141-2.
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MCS: 2; RBs: 52; NbrOfdmDataSymbols: 14; HarqMode: -1

Channel: TDLB100; Velocity: 108km/h ; CarrFreq: 4.0GHz

#TxAnt: 1; #RxAnt: 2
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