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1
Background
In 3GPP RAN#98-e meeting a revised Rel-18 WID on “NR RF requirements enhancement for frequency range 2 (FR2), Phase 3” has been approved [1]. One of the working areas of the WI is to specify the support for 256QAM on UL with the following objectives:
· Investigate and enable UL 256QAM for FR2-1 [RAN4]

· Study the gain, operating SNR, phase noise model and implementation aspects
· Specify the UE RF requirements
· First priority: Targeted power classes are PC1, PC2 and PC5 
· Second priority: Targeted power class is PC3 
In 3GPP RAN4#106 meeting a Way Forward has been approved [2]. In the next section we are going to discuss and provide our proposals for some of the remaining open issues from the previous meeting.
2
Discussion
2.1  
PTRS configuration
In the previous meeting, two issues related to PTRS configuration have been discussed with no agreed outcome:
Issue 2-1-5: PTRS configuration for MPR requirements

· Option 1: The MPR requirements are specified with the default PTRS configuration (K = 2, L = 1), applicable to all UEs regardless of UE’s recommended PTRS configuration. (Ericsson)

· Add an additional requirement with the UE recommended set not the default, then the MPR should be within a margin from the above “default” for gNB following the recommendations.
Issue 3-2-1: PTRS configuration for EVM test

· Option1: 

· FFS using a fixed PTRS configuration (K = 2, L = 1) for all devices as the default configuration for the EVM test.

· Recommended PTRS configuration by UE via IE PTRS-DensityRecommendationSetUL for the EVM test is allowed. Whether UE shall be tested according to recommended PTRS configuration when IE is signalled or it shall be tested according to the default fixed PTRS configuration in all cases is FFS.

· Recommended PTRS is optional.
Since very similar arguments hold for both issues, in the following Issues 2-1-5 and 3-2-1 will be discussed together.

According to the current progress of this WI, for UL 256QAM modulation in FR2-1 the phase noise mitigation will only rely on the CPE compensation method. ICI compensation will not be considered unless sufficient performance improvement is shown by proponent with explanation of the underlying algorithm [2]. Having that in mind, it is beneficial to have as good CPE compensation level as possible, meaning that K=4 PTRS structure should be avoided, as well as L>1 (the number of PTRS samples may not be sufficient for the successful PN compensation). On the other hand, K=1 is not good from the performance degradation perspective and is forbidden according to RAN1 specifications as it would lead to non-acceptable throughput degradation. Also, considering that if we have multiple PTRS configurations that there should be test cases defined for each one of them, in our view it is reasonable to stick with a Rel-15 PTRS configuration of K=2, L=1.
On the other hand, it should be noted that the optional UE capability ptrs-DensityRecommendationSetUL has been introduced [3] so that for each supported sub-carrier spacing, the UE can indicate preferred threshold sets for determining UL PTRS density (frequency, time and sample densities). In our understanding, one of the main motivations for the introduction of that capability is that based on the modulation used, frequency range of the operating band, channel conditions etc. the optimal trade-off between throughput performance and phase noise compensation may differ, i.e. the sufficient number of PTRS samples for PN compensation. For example, for UL QPSK modulation, SCS=15kHz and an operating band in FR1, PTRS configuration (K=4, L=1) might be sufficient for PN compensation and thus the achieved throughput could be higher compared with (K=2, L=1) PTRS configuration.
However, since UL 256QAM in FR2-1 is quite an extreme case when it comes to impact of the phase noise and for the reason of test fairness and simplicity between different UE devices our preference is to stick with (K=2, L=1) PTRS configuration.
For the sake of WI progress, we propose the following compromise between the two options:

Proposal 1: For both PTRS configuration for EVM test and PTRS configuration for MPR requirements the following compromise between the two options is proposed:

· The MPR requirements are specified with the default PTRS configuration (K = 2, L = 1), applicable to all UEs regardless of UE’s recommended PTRS configuration.
· We add an additional requirement with the UE recommended set not the default, then the MPR should be within a margin from the above “default” for gNB following the recommendations.
Given that the MPR magnitudes are already high for 64QAM (up to 9dB), we do not expect that a PTRS configuration other than the default one is likely to modify the MPR values significantly.

2.2  
The minimum EIRP requirements for EVM test
The following issue is still open from the previous meeting :
Issue 3-1-1: The minimum EIRP requirements for EVM test

· Option 1: The minimum output power for 256QAM during the EVM test can be relaxed by 14 dB based on the difference between the  SNR of 256QAM (29.1dB) and the SNR of QPSK(15.1dB) (ZTE, Xiaomi, vivo, Huawei)

	Parameter
	Unit
	Level for PC1
	Level for PC2
	Level for PC5

	UE EIRP
	dBm
	( 4
	( -13
	( -6

	UE EIRP for UL 256 QAM
	dBm
	( 18
	( 1
	( 8


· Option 2: Use a “-1dB/dB” relation to calculate the minimum EIRP requirement for 256QAM and consider 1dB correction factor. (MTK, Ericsson)

	Parameter
	Unit
	PC1
	PC2
	PC5

	UE EIRP
	dBm
	( 4
	( -13
	( -6

	UE EIRP for UL 256 QAM
	dBm
	( 19.5
	( 2.5
	( 9.5


· Option 3: Further scaling the minimum EIRP with bandwidth based on Option 2 (Apple)

	
	
	Level for PC2


	Parameter
	Unit
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	UE EIRP for UL 256 QAM
	dBm
	( 2.5
	( 2.5
	( 5.5
	( 8.5

	Operating conditions
	Normal Conditions

	NOTE 1:
PTRS is configured for 256 QAM


Option 1 and Option 2 are basically the same, with the only difference in “1dB” (basically 1.5dB) correction factor which is proposed to be added on top of min EIRP for UL 256QAM for each power class. We are fine with the values proposed in Option 1. As we have stated in the previous meeting the need for the correction factor should be discussed, which was originally proposed in [4] with the justification that it is needed “to account for thermal and phase noise”. In our understanding the phase noise and all the other impairments are already captured by 3.5% EVM (as agreed in previous meetings) so it is not clear to us why an additional correction factor is needed to account for the phase noise. Unless justified properly we prefer not to include the additional correction factor. 
Regarding Option 3, according to [5] for PC2 the difference between the min peak EIRP and the proposed min UE EIRP for UL 256QAM for channels up to 100MHz is equal to e.g. 22.5dB for band n259. With the proposed further scaling of the min UE EIRP for UL 256QAM, going up to 8.5dB, the said difference reduces to 16.5dB. That means that the dynamic operating range of the UE would be substantially reduced which is not beneficial from the network perspective, especially considering the allowed MPR (expected to be higher than 9dB). Due to this reason and the fact that the scaling of the minimum EIRP with bandwidth is not currently present in the specifications for FR2-1 for any modulation scheme such a change would require a proper justification.
Proposal 2: Option 1, i.e. define min UE EIRP for UL 256QAM as 18dB, 1dB and 8dB for PC1, PC2 and PC5, respectively.
2.3  
Discussion on MPR evaluations
In the previous meeting, the following agreement was made [2]:
Issue 2-1-4: Whether consider other UE implementation-based methods to confine the MPR values for 256QAM

Agreement: 

· The advanced UE implementation technologies are not precluded for MPR evaluation.

· Companies should clarify what advanced UE implementation technologies are used in the simulation.

· For MPR evaluation, either simulation results or measurement data or both can be provided

Considering the analysis presented in sub-clause 2.2 where even if Option 1 is agreed for the min UE EIRP for UL 256QAM, when it comes to the minimum peak EIRP conformance test it should be noted that there are also Pcmax and TT (test tolerance) tolerances which should be deducted from the minimum peak EIRP and thus make it even closer to the min EIRP for UL 256QAM. Hence, the MPR which should be defined for 256QAM modulation scheme should be bounded so that the device can pass the UE minimum peak EIRP conformance test. 

In addition, it is expected that the advanced UE implementation technologies (e.g. analog or digital pre-distortion) will be applied for the UEs supporting 256QAM on the UL in order to achieve a tight EVM of 3.5%, meaning that the UE is expected not to rely only on MPR to achieve the EVM requirement. Thus, in our view the MPR for 256QAM should be in the range of 1dB - 3dB higher than the corresponding value for 64QAM. 
Proposal 3: The MPR for UL 256QAM should be in the range of 1dB - 3dB higher than the corresponding value for 64QAM.
3
Conclusion

In this contribution, we have shared our view on some of the open issues from the previous meeting, and we have made the following proposals:
Proposal 1: For both PTRS configuration for EVM test and PTRS configuration for MPR requirements the following compromise between the two options is proposed:

· The MPR requirements are specified with the default PTRS configuration (K = 2, L = 1), applicable to all UEs regardless of UE’s recommended PTRS configuration.
· We add an additional requirement with the UE recommended set not the default, then the MPR should be within a margin from the above “default” for gNB following the recommendations.
Proposal 2: Option 1, i.e. define min UE EIRP for UL 256QAM as 18dB, 1dB and 8dB for PC1, PC2 and PC5, respectively.
Proposal 3: The MPR for UL 256QAM should be in the range of 1dB - 3dB higher than the corresponding value for 64QAM.
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