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[bookmark: _Hlk145524004]Introduction
In RAN4#108b a lot of progress was made on UE demodulation requirements for non-colocated FR1 intra-band NR-CA. With the WF only capturing a single open issue [1] concerning the MCS indices:
	 
	
	Rank
	MCS table 
	MCS index

	Carrier with lower power
	Rank 1
	MCS table 1

	Option 1: MCS4 (QPSK, 0.30)
Option 2: MCS5 (QPSK, 0.37)

	Carrier with higher power
	Rank 2
	MCS table 2
	Option 1: MCS22 (256QAM, 0.74)
Option 2: MCS23 (256QAM, 0.78)
Option 3: MCS24 (256QAM, 0.82)
Option 4: MCS25 (256QAM, 0.86)


 



Additionally, there was an offline email exchange between active companies concerning the potential addition of TxEVM in the requirement derivations.
In this contribution we will detail Nokia’s view on both MCS and TxEVM.


Discussion
MCS pair
Among the MCS pairs given as options in the WF [1], we have identified the following two pairs as the most acceptable in our simulation contribution [2]:
Table 1: Two feasible MCS pairs. Without and with 3/6% TxEVM assumption.
	Carrier with lower power
Rank1
	Carrier with higher power
Rank1

	Table 1 – MCS 4
	Table 2 – MCS 23

	-3.6 dB (-3.5dB)
	22.1 dB (23.0dB)

	Table 1 – MCS 4
	Table 2 – MCS 24

	-3.6 dB (-3.5dB)
	23.1 dB (24.1dB)


We have a slight preference for the MCS4 (table 1) and MCS24 (table 2) pair, but we are open to compromise for any functioning pair.
RAN 4 to use the MCS pair: MCS4 (table 1, carrier with lower power) and MCS24 (table 2, carrier with higher power).


TxEVM
During offline email exchanges, the question was asked whether we should consider a TxEVM value of 6% for QPSK (SCell) and 3% for 256QAM (PCell) in the requirement derivation.	
It is our view that such a TxEVM additional directly equates to an unintended requirement relaxation for the DUT.
RAN5 does not require a specific TxEVM in the test configuration and the TE does not add additional TxEVM on top of its innate TxEVM performance. This was, for example, noted in [3]. RAN5 does set a Maximum Test System Uncertainty [38.521-4] (annex F), which is chosen such that the noise from the Test system is then sufficiently below that required for the UE to demodulate the signal with the required % success rate. Under these conditions the UE throughput is limited by the Reference measurement channel and the UE capability, and not by the Test system EVM.	
Hence, RAN5 looks at the SNR requirement from RAN4 and will set TxEVM limits to not influence during testing. Adding TE TxEVM in RAN4 requirement derivation will already increase/inflate the SNR value, and force RAN5 to tighten requirements needlessly, which results in unintended requirement relaxation for the DUT (see also further below).
Previously TxEVM was included in requirement simulation (but not test parameter in either RAN4 or RAN5) to cover the TxEVM of the test equipment (TE), covering how EVM can reduce the effective SNR that the DUT sees in the test chamber. However, the commonly used TxEVM values of “6% at QPSK, 6% at 16QAM, 6% at 64QAM, 3% at 256QAM, and 2.5% at 1024QAM” are grossly underestimating the true TxEVM performance of the TEs, which was confirmed in offline email exchanges by the three major TE vendors.	
For example, the brochure of one TE device promises a (Tx)EVM of 0.71% [4] (page 14):
	[bookmark: _Hlk149824168]The R&S®SMW200A generates 5G NR signals (100 MHz channel bandwidth, 64QAM PDSCH, 39 GHz carrier frequency) with an EVM of –43 dB (meas.).


Further presented EVM measurement results place TxEVM for 16QAM at 5GHz below 0.5%.
The brochure of another TE device quotes slightly higher values for 256QAM in FR2, but less than 0.5% in FR1 [5] (page 22):
	[image: ]
 



Another TE vendor has commented offline that at a value below 3% rms looks practical in FR1, presumably for all modulation orders.
It has also been stated offline that, unlike for transmissions from UEs/BSs [6], the TE TxEVM is independent from the used modulation order (assuming same power) and generally better, as crest factor reduction is not employed.
Lastly, it is recognized that the above quoted TxEVM values from signal generators, that are commonly used directly in BS conformance testing. Some UE test systems/radio-communication testers may add components to the signal chain that have EVM impact.

Hence, even assuming an addition 1% for MU, it seems excessive to use up to 6% in our simulation and requirement derivations to cover measurement issues. Using such overly conservative values, means the DUT will be subjected to a much better effective SNR (at the baseband receiver) in the test, than we assume in impaired simulation with the proposed TxEVM values.
The TxEVM performance of practical TEs is below 1.5% in FR1, and independent of modulation order. Using overly conservative TxEVM values in impaired simulations to derive performance requirements, means the DUT will be subjected to a much better effective SNR in the test than in the simulations (at the baseband receiver and for upper SNR limits).
If it is found necessary to continue using a TE TxEVM value in the demod requirement deviations, we shall consider a value of 2% for FR1 independently of the modulation order (publicly available measurements + MU) and continue to limit the MCS choices to stay below 1dB degradation/relaxation due to TE TxEVM.


The intent behind including TE TxEVM since Rel-15, was to allow requirements to be testable with any TE that meets or exceeds the TxEVM assumption, as TxEVM results in a SNR dependent degradation and limitation of the effective baseband SNR at the receiver. Additionally, the TE TxEVM assumptions are used to limit the SNR, and therefore MCS, usable during tests by self-imposing a 1dB SNR degradation/relaxation limit when adding TxEVM.
We recognize that our SNR operating point for NonCol will only be mildly degraded by the proposed TxEVM.
Assuming we go up to 25dB SNR operating point for the PCell, then the 3%TxEVM will degrade by about 1.1dB:
[image: ]
Figure 1: TxEVM impact on effective (EVM impaired) SNR vs. SNR set at baseband receiver.

Hence, the difference between considering, or not, TxEVM will likely get lost in the span of the simulation alignment.
For 3% TxEVM at 25dB SNR operating point, the DUT requirement relaxation is about 1.1dB. Below 20dB there is virtually no relaxation.

Following the above observations, we would like to proceed as follows:
Confirm with TE vendors and other contributors during, if we can either not consider TE TxEVM for requirement derivation or, failing agreement, to agree on a reasonable updated TE TxEVM assumption. Both options will allow us to choose SNR operating points up to 25dB.	
The findings of this discussion should be captured in the WF or otherwise, to inform future delegates and future requirement derivation.

To push in this direction, we make the following proposals:
RAN4 shall not consider TE TxEVM for the derivation of final requirement SNR values.
A value of 2% TE TxEVM shall be considered in FR1 and independently of the modulation order, to limit the MCS choice to stay below 1dB degradation (when assuming testing using a TE with such an innate TxEVM value).
RAN4 shall add the following note to the final agreements concerning TxEVM:
Note: Since Rel-15 is has been common practice to assume TE TxEVM in impaired simulations, with values commonly chosen as 6% at QPSK, 6% at 16QAM, 6% at 64QAM, 3% at 256QAM, and 2.5% at 1024QAM. 
The intent was to allow requirements to be testable with any TE that meets or exceeds the TxEVM assumption, as TxEVM results in a SNR dependent degradation and limitation of the effective baseband SNR at the receiver.
Additionally, the TE TxEVM assumptions are used to limit the SNR, and therefore MCS, usable during tests by self-imposing a 1dB SNR degradation/relaxation limit when adding TxEVM.

RAN5 does not require a specific TxEVM in the test configuration and the TE does not add additional TxEVM on top of its innate TxEVM performance. RAN5 does set a Maximum Test System Uncertainty, which is chosen such that the noise from the Test system is sufficiently below that required for the UE to demodulate the signal with the required success rate. 
Adding TE TxEVM in RAN4 requirement derivation leads to a SNR relaxation for the DUT at the higher end of the SNR range, when using a TE with better than the assumed TxEVM performance.

In the meantime, experience with TE's on the market has shown that the Rel-15 TE TxEVM assumptions were too conservative. The TEs' actual TxEVM limits are much lower than the commonly chosen values, and it is not needed to add TE TxEVM in the requirement derivation.
Additionally, unlike for transmissions from UEs/BSs, the TE TxEVM is independent from the used modulation order (assuming same power), as no crest factor reduction is employed.



Conclusion
Within this contribution we discuss the demodulation requirements for non-colocated FR1 intra-band NR-CA. 
Specifically, in the paper, the following observations and proposals were made:

MCS pair
1. RAN 4 to use the MCS pair: MCS4 (table 1, carrier with lower power) and MCS24 (table 2, carrier with higher power).

TxEVM
1. The TxEVM performance of practical TEs is below 1.5% in FR1, and independent of modulation order. Using overly conservative TxEVM values in impaired simulations to derive performance requirements, means the DUT will be subjected to a much better effective SNR in the test than in the simulations (at the baseband receiver and for upper SNR limits).
For 3% TxEVM at 25dB SNR operating point, the DUT requirement relaxation is about 1.1dB. Below 20dB there is virtually no relaxation.

[bookmark: _Hlk149898447]RAN4 shall not consider TE TxEVM for the derivation of final requirement SNR values.
A value of 2% TE TxEVM shall be considered in FR1 and independently of the modulation order, to limit the MCS choice to stay below 1dB degradation (when assuming testing using a TE with such an innate TxEVM value).
RAN4 shall add the following note to the final agreements concerning TxEVM:
Note: Since Rel-15 is has been common practice to assume TE TxEVM in impaired simulations, with values commonly chosen as 6% at QPSK, 6% at 16QAM, 6% at 64QAM, 3% at 256QAM, and 2.5% at 1024QAM. 
The intent was to allow requirements to be testable with any TE that meets or exceeds the TxEVM assumption, as TxEVM results in a SNR dependent degradation and limitation of the effective baseband SNR at the receiver.
Additionally, the TE TxEVM assumptions are used to limit the SNR, and therefore MCS, usable during tests by self-imposing a 1dB SNR degradation/relaxation limit when adding TxEVM.

RAN5 does not require a specific TxEVM in the test configuration and the TE does not add additional TxEVM on top of its innate TxEVM performance. RAN5 does set a Maximum Test System Uncertainty, which is chosen such that the noise from the Test system is sufficiently below that required for the UE to demodulate the signal with the required success rate. 
Adding TE TxEVM in RAN4 requirement derivation leads to a SNR relaxation for the DUT at the higher end of the SNR range, when using a TE with better than the assumed TxEVM performance.

In the meantime, experience with TE's on the market has shown that the Rel-15 TE TxEVM assumptions were too conservative. The TEs' actual TxEVM limits are much lower than the commonly chosen values, and it is not needed to add TE TxEVM in the requirement derivation.
Additionally, unlike for transmissions from UEs/BSs, the TE TxEVM is independent from the used modulation order (assuming same power), as no crest factor reduction is employed.
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