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1.	Introduction
[bookmark: _Hlk67504958]The revised work item on NR RF requirements enhancement for frequency range 2 (FR2), Phase 3 was approved at TSG RAN#96 [1]. One of the objectives of this work item is to investigate and enable UL 256QAM for FR2-1. 
[bookmark: _Hlk127367228]One of the main tasks to investigate and enable UL 256QAM for FR2-1 is to specify the UE RF requirements. This topic was discussed at TSG RAN4#106 and the WF was agreed [2], and the TP on link level simulation assumptions and results was also approved [3]. This contribution provides proposals on UE RF requirements for FR2-1 UL 256QAM according to the agreed WF and the related discussion [4].

2.	Discussion
2.1.	Phase noise profile
The following options were listed in the WF [2].
	· Option 1: Adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example’ refers to the example phase noise profiles in TR38.803. (Qualcomm)
· Option 2: Consider a new UE phase noise profile based on the multi-pole/zero model with parameters shown in Table 1. (MTK)
Table 1 Phase noise modelling parameters for UL 256QAM
	PSD0
	33 dB

	
	
	
	
	

	1
	3e3
	2.37
	1
	3.3

	2
	550e3
	2.7
	1.6e6
	3.3

	3
	280e6
	2.53
	30e6
	1


· Option 3: It is necessary to perform further simulations and ideally using different simulation setups to have more confidence in the actual impact of using CPE compensation based on PTRS in EVM test setups  (Anritsu)
=> Encourage companies provide the EVM floor based on the phase noise profiles in option 1 and option 2, other new phase noise profiles are not precluded.



On the other hand, the following agreement was included in the WF [2].
	Issue 2-1-3: EVM budget
Agreement: 
· For MPR evaluation, only consider the total value of 3.5% for Tx EVM. 
· Companies need to clarify the components of Tx EVM in their simulation results, including
· Phase noise
· Value for IQ imbalance
· PA and transmitter non-linearity


Therefore, companies should be allowed to use any of the 3 options above as phase noise model in the MPR evaluation, provided that companies clarify and validate the model used in the evaluation. For validation of the model, the findings recorded in TR 38.803 [5] on phase noise for mm-wave frequencies should be used as a basis such that the model used should not deviate significantly from the findings, unless sufficient justification can be provided by the company. This will ensure the MPR evaluation results provided by different companies can be compared on a solid basis.

2.2	PTRS configuration for MPR requirements
The following options were listed in the WF [2].
	· 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.





Note that the default PTRS configuration (K = 2, L = 1) is already the densest PTRS configuration (in frequency and time domain, respectively) that can be configured for CP-OFDM according to TS 38.214 [6]. For DFT-s-OFDM, the densest PTRS configuration is (,)=(8, 4). If the UE recommend a different PTRS configuration for the MPR requirements, this will be a less dense PTRS configuration than the default PTRS configuration, and we believe that the UE should do so knowing that this less dense PTRS configuration will provide better MPR performance with the UE phase noise model, and thus the UE should be able to fulfil the MPR requirements specified with the default PTRS configuration. Therefore, it is proposed to not to add an additional MPR requirement with the UE recommended PTRS configuration. 

2.3	The minimum EIRP requirements for EVM test
The following options were listed in the WF [2].
	· 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






Comparing the allowed relaxation between the 3 options, it can be seen that option 2 allow 1.5 dB more relaxation and option 3 allow up to 7.5 dB more relaxation (with 400 MHz). We believe that option 1 should already provide enough relaxation for UE implementation and relaxing the minimum EIPR requirements further would cause unnecessary UL interference (as UE would transmit with higher EIPR than necessary). On the other hand, we accept that the minimum output power should also depend on the transmission bandwidth. Therefore, it is proposed to relax the minimum output power for 256QAM during the EVM test by 14 dB based on the difference between the SNR of 256QAM (29.1dB) and the SNR of QPSK (15.1dB), and further scaling the minimum EIRP with bandwidth, i.e., combine option 1 with option 3 as follows:
	
	
	Level for PC2

	
Parameter
	Unit
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	UE EIRP for UL 256 QAM
	dBm
	 1
	 1
	 4
	 7

	Operating conditions
	Normal Conditions

	NOTE 1:	PTRS is configured for 256 QAM



2.4	PTRS configuration for EVM test
The following options were listed in the WF [2].
	· 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.





[bookmark: _Hlk131603603]As discussed in section 2.2, the fixed PTRS configuration (K = 2, L = 1) is already the densest PTRS configuration (in frequency and time domain) that can be configured for CP-OFDM according to [4]. For DFT-s-OFDM, the densest PTRS configuration is (,)=(8, 4). If the UE recommend a different PTRS configuration for the MPR requirements, this will be a less dense PTRS configuration than the fixed PTRS configuration, and we believe that the UE should do so knowing this less dense PTRS configuration will provide better EVM performance with the UE phase noise model, and thus should fulfil the EVM test requirement specified with the fixed PTRS configuration. Therefore, it is proposed to use a fixed PTRS configuration (K = 2, L = 1) for all devices as the default configuration for the EVM test, and the same EVM test requirement should be fulfilled if the PTRS configuration recommended by the UE is used for the EVM test.

2.5	Basic EVM measurement
The following options were listed in the WF [2].
	· [bookmark: _Hlk127538559]Option 1: Study if the EVM requirement for UL 256QAM FR2-1 allows the use non-data aided EVM without the risk of underestimation. If not the definition of i(v)as the “ideal signal reconstructed by the measurement equipment” should be modified in the 38.101-2 to mean the true ideal/reference signal, reflecting the use of data aided EVM. (Anritsu)



It is well-known that data aided estimation technique is subjected to error propagation effect (an erroneous data detection will result in an erroneous estimate which will then cause subsequent erroneous data detection). Therefore, it is proposed that test equipment vendor should provide further analysis on the necessity and the expected EVM measurement improvement with data aided EVM, in order to make a technically sounded decision in RAN4.

4.	Conclusion
This contribution has provided proposals on UE RF requirements for FR2-1 UL 256QAM according to the agreed WF and the related discussion, they are summarized as follows:
[bookmark: _Hlk131603927]Proposal 1: To use the findings recorded in TR 38.803 on phase noise for mm-wave frequencies as a basis to validate the model used by company in the MPR evaluation such that the model used should not deviate significantly from the findings, unless sufficient justification can be provided by the company.
Proposal 2: Not to add an additional MPR requirement with the UE recommended PTRS configuration.
Proposal 3: To relax the minimum output power for 256QAM during the EVM test by 14 dB based on the difference between the SNR of 256QAM (29.1dB) and the SNR of QPSK (15.1dB), and further scaling the minimum EIRP with bandwidth, i.e., combine option 1 with option 3 as follows:
	
	
	Level for PC2

	
Parameter
	Unit
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	UE EIRP for UL 256 QAM
	dBm
	 1
	 1
	 4
	 7

	Operating conditions
	Normal Conditions

	NOTE 1:	PTRS is configured for 256 QAM





Proposal 4: To use a fixed PTRS configuration (K = 2, L = 1) for CP-OFDM and (,)=(8, 4) for DFT-s-OFDM for all devices as the default configuration for the EVM test, and the same EVM test requirement should be fulfilled if the PTRS configuration recommended by the UE is used for the EVM test.
Proposal 5: Test equipment vendor should provide further analysis on the necessity and the expected EVM measurement improvement with data aided EVM.
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