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1 Introduction
In RAN4 #105, a WF for UL 256QAM has been approved [1]. However, it was decided that some open issues require further discussion in subsequent meetings. In this contribution, we will present our views to on these unresolved issues.
2	Discussion
2.1 EVM assumption
Regarding EVM assumption issues, there are two open issues are listed in the below.
	EVM assumption
· Issue 2-1-1: Phase noise assumption on EVM budget
· Option 1: Using the findings recorded in TR 38.803 on phase noise for mm-wave frequencies as a basis.
· Option 2: Others (Opponents of option 1 should provide concrete alternative proposal)
=> FFS in next meeting
· Issue 2-1-2: EVM budget for MPR simulation
=> FFS in next meeting, could consider whether one total EVM budget limitation is enough for UL 256QAM.




For the issue of “the phase noise assumption on EVM budget”, it is noteworthy that phase noise in the RF front end has a significant impact on the EVM performance. The phase noise impairments are frequency dependent and phase noise could increase by 6 dB every time when the operating frequency doubles. Therefore, the phase noise impact on the FR2 is much higher compared with FR1 even when the common phase error (CPE) impacts can be compensated.

There are two UE phase noise model are captured in TR38.803 in section 6.1.10 and section 6.1.11. [2], however both of these models are not well suited for UL 256QAM for FR2-1. We have the same view with the proposal [3].  Therefore, we can study a new UE phase noise profile based on example 1 with larger PLL bandwidth compared to example 2 in TR38.803. The phase noise model used here is a generalization of the multi-pole/zero model with extended fractional orders, which is given by the following equation:

                   (1)

Where S is the single sideband phase noise power spectral density, f the offset frequency, fz,1 .. fz,N the zeros, fp,1 .. fp,M the poles, αz,1 .. αz,N the order of the zeros, and αp,1 .. αp,M the orders of the poles.

The new phase noise model parameters are summarized in Table 1 and Figure 1 shows the phase noise profile for 45GHz.








Table 1 Phase noise modelling parameters for UL 256QAM
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	550e3
	2.7
	1.6e6
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	280e6
	2.53
	30e6
	1
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Figure 1.  Phase noise profile for 45 GHz.


[bookmark: _Hlk127453888]Observation 1: UE phase noise models in TR 38.803 need to be improved for UL256QAM for FR2-1.

Proposal 1: RAN4 to consider a new UE phase noise profile based on the multi-pole/zero model with parameters shown in Table 1.

For the issue “whether one total EVM budget limitation is enough for UL 256QAM”, our view is that we can adopt the analysis method for the MPR simulation used for FR1 [4], in which the EVM budget can be partitioned into four distortion contributors (PA non-linearity, transmitter, phase noise and IQ Imbalance). Companies are encouraged to provide such inputs to be consolidated based on their design. We have provided our EVM budget for FR2 in the last meeting [5].

Observation 2: The EVM budget are partitioned into four distortion contributor such as PA non-linearity, transmitter, phase noise and IQ Imbalance in the UL 256QAM MPR simulation for FR1. The same analysis method can be used for FR2.


Proposal 2: EVM budget for UL 256QAM MPR simulation for FR2-1 should be partitioned into four distortion contributors as used in FR1.

Proposal 3: RAN4 to consolidate the inputs from companies based on their design approach for the EVM budget for FR2-1 UL256QAM.  


2.2 Minimum EIRP requirements
For the minimum EIRP requirements, two unresolved issues are listed in the following.
	Minimum EIRP requirements
· Issue 3-1-1: How to define the minimum EIRP requirements for EVM test
=> FFS in next meeting
· Issue 3-1-2: The minimum EIRP requirements for EVM test
=> FFS in next meeting



In Rel 15, the minimum EIRP for PC1 and PC3 captured in 38.101-2 (Table 6.4.2.1-2 and Table 6.4.2.1-3) is based on the Maximum coupling loss(MCL) analysis for 400MHz channel bandwidth. This MCL analysis considers a certain minimum allowable distance between UE and gNB such as 2m for PC3 and 10m for PC1. Therefore, the UE minimum EIRP can be derived based on the assumption of the required SINR at gNB, the antenna configuration for gNB, and the distance between UE and gNB. 
Proposal 4: The minimum EIRP requirements for EVM test is defined by considering the required power level transmit from UE to gNB, which is based on the assumption of the required SINR at gNB and the antenna configuration for a given minimum allowable distance between UE and gNB. 

In RAN4 #104-bis, EVM budget of 3.5% for 29GHz and 39GHz was agreed. Therefore, the UE minimum EIRP for QPSK, 16QAM and 64QAM feature a -1dB/dB relation which is being used to derive the minimum UE EIRP for 256QAM for the EVM budget of 3.5% [6]. We summarize above-mentioned parameters in Table 2. In addition, there is a correction factor of 1 dB to account for thermal and phase noise for PC3 devices and this correction factor can also be applied to other device classes. Therefore, the minimum EIRP for different power classes for UL256QAM are listed in Table3.
Table 2 Minimum EIRP for different power classes for different modulation schemes with -1dB/dB relation
	
Parameter
	EVM level
 (%)
	EVM level 
(dB)
	PC1 EIRP 
(dBm)
	PC2 EIRP (dBm)
	PC5 EIRP (dBm)

	QPSK 
	17.5
	-15.1
	 4
	 -13
	 -6

	16 QAM 
	12.5
	-18.1
	 7
	 -10
	 -3

	64 QAM 
	8.0
	-21.9
	 11
	 -6
	 1

	256QAM
	3.5
	-29.1
	18.2
	 1.2
	 8.2



Table 3 Minimum EIRP for different power classes for UL 256QAM
	
Parameter
	Unit
	PC1
	PC2
	PC5

	UE EIRP
	dBm
	 4
	 -13
	 -6

	UE EIRP for UL 256 QAM
	dBm
	 19.5
	 2.5
	 9.5



[bookmark: OLE_LINK14][bookmark: _Hlk118733390]Proposal 5: Minimum EIRP corresponding to power classes for UL 256 QAM is specified as in Table 3.
3	Conclusion
In this contribution, we have provided our views for the open issues on the WF [1].  

Observation 1: UE phase noise models in TR 38.803 need to be improved for UL256QAM for FR2-1.

Proposal 1: RAN4 to consider a new UE phase noise profile based on the multi-pole/zero model with parameters shown in Table 1.

Observation 2: The EVM budget are partitioned into four distortion contributor such as PA non-linearity, transmitter, phase noise and IQ Imbalance in the UL 256QAM MPR simulation for FR1. The same analysis method can be used for FR2.

Proposal 2: EVM budget for UL 256QAM MPR simulation for FR2-1 should be partitioned into four distortion contributors as used in FR1.

Proposal 3: RAN4 to consolidate the inputs from companies based on their design approach for the EVM budget for FR2-1 UL256QAM.  

Proposal 4: The minimum EIRP requirements for EVM test is defined by considering the required power level transmit from UE to gNB, which is based on the assumption of the required SINR at gNB and the antenna configuration for a given minimum allowable distance between UE and gNB. 

Proposal 5: Minimum EIRP corresponding to power classes for UL 256 QAM is specified as in Table 3.

Table 3 Minimum EIRP for different power classes for UL 256QAM
	
Parameter
	Unit
	PC1
	PC2
	PC5

	UE EIRP
	dBm
	 4
	 -13
	 -6

	UE EIRP for UL 256 QAM
	dBm
	 19.5
	 2.5
	 9.5
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