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Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
The contributions for the following agenda items are summarised in this document:
9.7.2 UL 256QAM
Topic #1: EVM requirements for UL 256QAM
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300193
	Nokia, Nokia Shanghai Bell
	Observation 1: For the simulation results in urban macro scenario:
-	The target SNR at BS side of 27 dB can be achieved by ~70% of PC1 UE and ~60% of PC2/5 UE.
-	Less than 15% of PC1 UE and less than 30% of PC2/5 UE are transmitting at maximum output power (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
Observation 2: For the simulation results in indoor scenario:
-	The target SNR at BS side of 27 dB can be achieved by ~70% of PC1 UE and ~60% of PC2/5 UE.
-	Almost none of PC1 UE and PC2/5 UE are transmitting at maximum output power (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
Conclusion:
-	In all simulated scenarios, a significant percentage of PC1/PC2/PC5 UE can achieve the target SNR at BS side of 27 dB above which 256QAM provides throughput gain over 64QAM at both 29 GHz (n257) and 39 GHz (n260).

	R4-2300194
	Nokia, Nokia Shanghai Bell
	Withdrawn

	R4-2300821
	LG Electronics France
	Observation 1: From the 29 GHz 256QAM SLS results, PC2 and PC5 can achieve SINR of 28dB in both urban macro scenario and indoor scenario.
Observation 2: From the 39 GHz 256QAM SLS results, PC1, PC2 and PC5 can achieve SINR of 30dB in both urban macro scenario and indoor scenario.
Proposal 1: UL 256QAM at 29GHz is feasible for both PC2 and PC5 UEs.
Proposal 2: UL 256QAM at 39GHz is feasible for PC1, PC2, and PC5 UEs.

	R4-2301235
	ZTE Corporation
	Observation 1: PC2 and PC5 are feasible for UL 256QAM for 29GHz, and PC3 is also feasible if the operating SNR is not higher than 28dB.
Observation 2: 
for 39GHz_ Indoor：
· For PC1, PC2 and PC5 ~86% of UE can reach the operating SNR
for 39GHz_ Urban Macro：
· For PC1, ~55% of UE can reach the operating SNR
· For PC2, ~8% of UE can reach the operating SNR
· For PC5 , ~15% of UE can reach the operating SNR
Observation 3: 
for 39GHz_ Indoor：
· For PC3, ~75% of UE can reach the operating SNR
for 39GHz_ Urban Macro：
· For PC3, ~2% of UE can reach the operating SNR
Proposal 2: To confirm the feasibility of UL 256qam at 39GHz for PC1, PC2 and PC5

	R4-2301433
	Huawei, HiSilicon
	Observation 1: UL 256 QAM for 29 GHz PC1/PC2/PC5 UEs is feasible.

	R4-2301569
	vivo
	Observation 1: 
· In 29GHz, 14% in Indoor and 5% in Uma PC2/PC5 UE can archive 28 dB SNR.
· In 39GHz, 12% in Indoor and 10% in Uma PC1 UE can archive 30 dB SNR; 10% in Indoor and 2% in Uma PC2/PC5 UE can archive 30 dB SNR.
Proposal 1: Conclude that in 29GHz and 39GHz, UL 256QAM for PC2/PC5 is only feasible in the Indoor scenario and in 39 GHz, UL 256QAM for PC1 is feasible in both Indoor and Uma scenario.

	R4-2301620
	Xiaomi
	Observation 1:
For urban macro scenario:
-    The target SNR of 28dB for 29 GHz at BS side can be achieved by 86.95% of PC1 UE and 73.26% of PC2/5 UE.
-    The target SNR of 30dB for 39 GHz at BS side can be achieved by 82.82% of PC1 UE and 62.31% of PC2/5 UE.
-	~13% of PC1 UE and ~26% of PC2/5 UE are transmitting at maximum output power at 29 GHz (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
-    ~17% of PC1 UE and ~27% of PC2/5 UE are transmitting at maximum output power at 39 GHz (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
For indoor hotspot scenario:
-    The target SNR of 28dB for 29 GHz at BS side can be achieved by 100% of PC1 UE and 100% of PC2/5 UE.
-    The target SNR of 30dB for 39 GHz at BS side can be achieved by 100% of PC1 UE and 99.99% of PC2/5 UE.
-	The transmitting power of all PC1/PC2/PC5 UE are less than 20 dBm at 29 GHz.
-    The transmitting power of ~ 99% PC1/PC2/PC5 UE are less than 13 dBm at 39 GHz.
Proposal 1: UL 256QAM for PC1/2/5 UE at both 29GHz and 39GHz are feasible.

	R4-2302240
	Sony
	Observation 1	35% of UE can reach the target SNR condition of PC2 and PC5 at indoor scenario at 29 GHz.
Observation 2	45% of PC1 UE and 10% of PC2/5 UE can meet the target SNR condition for the indoor scenario at 39 GHz. 
Proposal 1	Concluding that it is feasible for PC2 and PC5 to support 256 QAM at 29 GHz.

	R4-2302337
	Nokia, Nokia Shanghai Bell
	Withdrawn

	R4-2302529
	Nokia, Nokia Shanghai Bell
	Proposal 1: To limit MCS with 256QAM for 39GHz to 21 and 22 in Table 5.1.3.1-2 in TS 38.214.
Proposal 2: To adopt 27 dB at both 29GHz and 39GHz as the target operating SNR.

	R4-2302733
	Ericsson Limited
	Proposal 1: UL 256 QAM for PC2/PC5 UEs and 29 GHz carrier frequency is feasible.
Proposal 2: UL 256 QAM for PC1/PC2/PC5 UEs and 39 GHz carrier frequency is feasible.

	R4-2302734
	Ericsson Limited
	Observation 1: For 29GHz carrier frequency, indoor scenario and PC2/PC5, around 60% of users with FTP 10% load and 15% of users with FTP 30% load can reach the operating SNR of 28dB.
Observation 2: For 29GHz carrier frequency, UMa scenario and PC2/PC5, around 30% of users with FTP 10% load and 28% of users with FTP 30% load can reach the operating SNR of 28dB.
Observation 3: For 39GHz carrier frequency, indoor scenario and PC2/PC5, around 50% of users with FTP 10% load and 12% of users with FTP 30% load can reach the operating SNR of 30dB.
Observation 4: For 39GHz carrier frequency, UMa scenario and PC2/PC5, around 17% of users with FTP 10% load and 15% of users with FTP 30% load can reach the operating SNR of 30dB.
Observation 5: For 39GHz carrier frequency, indoor scenario and PC1, around 55% of users with FTP 10% load and 12% of users with FTP 30% load can reach the operating SNR of 30dB.
Observation 6: For 39GHz carrier frequency, UMa scenario and PC1, around 50% of users with FTP 10% load and 38% of users with FTP 30% load can reach the operating SNR of 30dB.



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 EVM evaluation by system level simulation
Sub-topic description: Discuss UL 256QAM feasibility for 29GHz and 39GHz based on system level simulation.
In last meeting, it has agreed UL 256QAM for PC1 UE for 29GHz is feasible, this meeting will continue discuss whether UL 256QAM is feasible for PC2/PC5 UEs for 29GHz and PC1/PC2/PC5 UEs for 39GHz based on the system simulation results submitted in this meeting as following summary in below table:
	Companies
	Urban macro
	Indoor

	Nokia 
(R4-2300193)
	The target SNR at BS side of 27 dB can be achieved by ~70% of PC1 UE and ~60% of PC2/5 UE.
Less than 15% of PC1 UE and less than 30% of PC2/5 UE are transmitting at maximum output power (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
	The target SNR at BS side of 27 dB can be achieved by ~70% of PC1 UE and ~60% of PC2/5 UE.
Almost none of PC1 UE and PC2/5 UE are transmitting at maximum output power (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).

	LG Electronics
 (R4-2300821)
	For 29GHz:
The target SNR at BS side of 28 dB can be achieved by ~77% of PC2 UE and ~65% of PC5 UE.
For 39GHz:
The target SNR at BS side of 30 dB can be achieved by ~40% of PC1 UE, ~85% of PC2 UE and 70% of PC5.
	For 29GHz:
The target SNR at BS side of 28 dB can be achieved by ~41% of PC2 UE and ~40% of PC5 UE.
For 39GHz:
The target SNR at BS side of 30 dB can be achieved by ~37% of PC1 UE, ~75% of PC2 UE and 50% of PC5.

	ZTE
(R4-2301235)
	For 29GHz
5% UE can achieve above 30dB SINR for PC2 and PC5.
 Even ~10% UE can achieve above 28dB SINR even for PC3.
Thus we observed PC2 and PC5 are feasible for UL 256QAM for 29GHz, and PC3 is also feasible if the operating SNR is not higher than 28dB.  
For 39GHz：
For PC1, ~55% of UE can reach the operating SNR
For PC2, ~8% of UE can reach the operating SNR
For PC5 , ~15% of UE can reach the operating SNR
For PC3, ~2% of UE can reach the operating SNR
	for 39GHz：
For PC1, PC2 and PC5, ~86% of UE can reach the operating SNR
For PC3, ~75% of UE can reach the operating SNR

	vivo
(R4-2301569)
	In 29GHz:
5% in Uma PC2/PC5 UE can archive 28 dB SNR.
In 39GHz:
10% in Uma PC1 UE can archive 30 dB SNR
2% in Uma PC2/PC5 UE can archive 30 dB SNR.
	In 29GHz:
14% in Indoor PC2/PC5 UE can archive 28 dB SNR.
In 39GHz:
12% in Indoor PC1 UE can archive 30 dB SNR;
10% in Indoor PC2/PC5 UE can archive 30 dB SNR.

	Xiaomi
(R4-2301620)
	For 29GHz:
The target SNR of 28dB for 29 GHz at BS side can be achieved by 86.95% of PC1 UE and 73.26% of PC2/5 UE.
~13% of PC1 UE and ~26% of PC2/5 UE are transmitting at maximum output power at 29 GHz (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
For 39GHz:
The target SNR of 30dB for 39 GHz at BS side can be achieved by 82.82% of PC1 UE and 62.31% of PC2/5 UE.
 ~17% of PC1 UE and ~27% of PC2/5 UE are transmitting at maximum output power at 39 GHz (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
	For 29GHz:
The target SNR of 28dB for 29 GHz at BS side can be achieved by 100% of PC1 UE and 100% of PC2/5 UE.
The transmitting power of all PC1/PC2/PC5 UE are less than 20 dBm at 29 GHz.
For 39GHz:
The target SNR of 30dB for 39 GHz at BS side can be achieved by 100% of PC1 UE and 99.99% of PC2/5 UE.
The transmitting power of ~ 99% PC1/PC2/PC5 UE are less than 13 dBm at 39 GHz.

	Sony
(R4-2302240)
	
	For 29GHz:
35% of UE can reach the target SNR condition of PC2 and PC5 at indoor scenario at 29 GHz.
For 39GHz:
45% of PC1 UE and 10% of PC2/5 UE can meet the target SNR condition for the indoor scenario at 39 GHz. 

	Ericsson
(R4-2302734)
	For 29GHz:
 UMa scenario and PC2/PC5, around 30% of users with FTP 10% load and 28% of users with FTP 30% load can reach the operating SNR of 28dB.
For 39GHz:
UMa scenario and PC2/PC5, around 17% of users with FTP 10% load and 15% of users with FTP 30% load can reach the operating SNR of 30dB.
UMa scenario and PC1, around 50% of users with FTP 10% load and 38% of users with FTP 30% load can reach the operating SNR of 30dB.
	For 29GHz:
Indoor scenario and PC2/PC5, around 60% of users with FTP 10% load and 15% of users with FTP 30% load can reach the operating SNR of 28dB.
For 39GHz:
Indoor scenario and PC2/PC5, around 50% of users with FTP 10% load and 12% of users with FTP 30% load can reach the operating SNR of 30dB.
Indoor scenario and PC1, around 55% of users with FTP 10% load and 12% of users with FTP 30% load can reach the operating SNR of 30dB.



Open issues and candidate options before f2f meeting:
[bookmark: OLE_LINK75]Issue 1-1-1: UL 256QAM feasibility for 29GHz and 39GHz
· Proposals
· Option 1: 
· For 29GHz, UL 256 QAM for PC2/PC5 UEs is feasible. (Nokia, ZTE, Xiaomi, Sony, LGE, Ericsson, Huawei)
· For 39GHz, UL 256 QAM for PC1/PC2/PC5 UEs is feasible. (Nokia, ZTE, Xiaomi, Sony, LGE, Ericsson)
· Option 2: (vivo)
· For 29GHz and 39GHz, UL 256QAM for PC2/PC5 is only feasible in the Indoor scenario
· For 39GHz, UL 256QAM for PC1 is feasible in both Indoor and Uma scenario.
· Option 3: (ZTE)
· For 29GHz and 39GHz, UL 256QAM for PC3 is also feasible.
· Recommended WF
· TBA
Sub-topic 1-2 EVM evaluation by link level simulation
Sub-topic description: Discuss the EVM requirements for 29GHz, 39GHz and 48GHz based on link level simulation.
In last meeting, it has agreed based on the average operating SNRs:
· Consider operating SNR as 28 dB with MCS 20~23 for 29GHz averaged based on the submitted results from these two meetings.
· Consider operating SNR as 30 dB with limited MCS 20~22 for 39GHz averaged based on the submitted results from two meetings.
Average value for 29GHz operating SNR:
	
	Operating SNR (dB) with EVM 3.5%

	
	TDL-D, MCS20
	[bookmark: OLE_LINK15]TDL-D, MCS21
	TDL-D, MCS22
	TDL-D, MCS23

	Nokia
	-
	25
	-
	32

	LGE
	18.5
	21
	23
	27

	vivo
	-
	21.8
	-
	28

	Huawei
	-
	20.1
	-
	23

	Sony
	-
	-
	-
	-

	Xiaomi
	-
	22.5
	-
	27.3

	ZTE
	-
	22.42
	-
	27.71

	Ericsson
	-
	27.9
	-
	-

	Average
	18.5
	23
	23
	27.5



Average value for 39GHz operating SNR:
	
	Operating SNR (dB) with EVM 3.5%

	
	TDL-D, MCS20
	[bookmark: OLE_LINK73][bookmark: OLE_LINK74]TDL-D, MCS21
	TDL-D, MCS22
	TDL-D, MCS23

	Nokia
	-
	36
	-
	-

	LGE
	21
	24
	30
	NA

	vivo
	-
	25
	-
	NA

	Huawei
	-
	21
	-
	25.4

	Sony
	-
	-
	-
	-

	Xiaomi
	-
	25.2
	-
	NA

	ZTE
	-
	26
	29.21
	NA

	Average
	21
	26.2
	29.6
	NA



Open issues and candidate options before f2f meeting:
Issue 1-2-1: MCS limitation for 39GHz
· Proposals
· Option 1: Limit MCS with 256QAM for 39GHz to 21 and 22 in Table 5.1.3.1-2 in TS 38.214. (Nokia)
· Recommended WF
· TBA
Issue 1-2-2: Operating SNR for 29GHz and 39GHz
· Proposals
· Option 1: Adopt 27 dB at both 29GHz and 39GHz as the target operating SNR. (Nokia)
· Recommended WF
· TBA
Topic #2: MPR
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300194
	Nokia, Nokia Shanghai Bell
	Withdrawn

	R4-2300707
	Qualcomm Incorporated
	Observation 1: The MPR simulation activity for UEs is gated by agreement on the PTRS correction method employed in the EVM calculator.
Proposal 1: For CP-OFDM, PTRS correction is implemented by de-rotation of each sub carrier in an OFDM symbol. The de-rotation angle is estimated as the frequency domain average of the phase rotation of all the PTRS tones in the allocation.
Proposal 2: For DFT-s-OFDM: 
· PTRS correction is implemented by de-rotation of each time-domain symbol by the estimated instantaneous phase deviation. 
· The instantaneous phase deviation impacting a data symbol due to DUT phase noise is estimated by linearly interpolating between the phase deviations determined for the nearest neighbouring PTRS groups. The phase deviation for each PTRS group is determined as the time domain arithmetic mean phase deviation of all PTRS symbols in the group.
Observation 2: The EVM benefit due to PTRS-based corrections depends on phase noise profile of the UE and modulation type (DFT-s or CP-OFDM). No single fixed PTRS configuration can be assumed to be beneficial for all UEs for all RB conditions and all MCSs.
Observation 3: The phase noise profiles included in TR38.803 are not suitable for UL256QAM
Observation 4: Some phase noise profiles can result in degradation after PTRS processing.
Proposal 3: For UL 256QAM in FR2, the PTRS configuration shall be aligned with the UE’s recommended PTRS configuration (IE PTRS-DensityRecommendationSetUL).
Proposal 4: The EVM calculation signal flow including PTRS processing shall be included in the annex of TS38.101-2.
Observation 5: Even with the proposed hybrid phase noise profile, UL256QAM looks infeasible for 40 GHz, but it appears feasible for n257, n258 and n261. 
Proposal 5: Adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example’ refers to the example phase noise profiles in TR38.803.

	R4-2301147
	Anritsu Limited
	Observation 1: The way the reference signal used for the EVM calculation is currently derived in the 38.101-2 is problematic as it underestimates the EVM by using assumed ideal/reference constellation points closer to the measurement points than the true ideal/reference constellations points actually are.
Observation 2: UL 256QAM particularly in FR2-1 makes recovering the ideal reference signal difficult under some RF impairments such as phase noise.
Observation 3: It is assumed that making the EVM requirement more stringent in order to use non-data aided EVM is not an option.
Observation 4: UE phase noise profile having low phase noise, the CPE correction based on PTRS can still give some EVM improvement.
Observation 5: UE phase noise profiles having high phase noise in the frequency region affecting CPE (higher frequency part of the close-in phase noise and lower frequency part of the broadband phase noise) and low phase in the frequency region affecting ICI high phase noise, can show significant EVM improvement when CPE correction based on PTRS is applied.
Observation 6: The deterioration of 0.8dB of the “UE Example 1 PN profile” DFT-s-OFDM 256QAM EVM after CPE compensation based on PTRS has not been reiterated in other simulations. 
Observation 7: No deterioration was visible. Is deterioration of the EVM following CPE correction using PTRS correction an actual possibility? More simulations are necessary (using 60kHz SCS), it would be beneficial if more companies can perform simulations. 
Proposal 1: It should be studied 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.
Proposal 2: 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.

	R4-2301620
	Xiaomi
	Proposal 4: Reuse the same general limitations for the phase noise for UL 256QAM in FR2-1 as recorded in TR 38.803:
1.	PN could increase by 6 dB every time when f0 doubles (assuming FoM and other things do not change)
2.	PN is inversely proportional to the square of the loaded quality factor of the resonator, Q
3.	1/f noise up-conversion gives rise to close-to-carrier PN increase (small offset)
Proposal 5: Just specify EVM requirement for phase noise for FR2-1 EVM budget and other RF impairment aren’t further detailed as table 2.4-2:
Table 2.4-2 FR2-1 EVM budget
	Tx EVM contributor
	EVM
	SNR(dB)

	Phase noise
	2.1%
	33.6 

	Other impairments (including IQ imbalance, PA and transmitter non-linearity)
	2.8%
	31.1

	Total
	3.5%
	29.1




	R4-2301928
	MediaTek Korea Inc.
	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.  

	R4-2302240
	Sony
	Observation 3	UE performance can be further improved with implementation based on methods, e.g., linearization technologies or more advanced semiconductor technologies.
Observation 4	The high-order modulation scheme can be used to explore the potential of the FR2 network further to support services with heavy uplink transmission. 
Proposal 3	RAN4 should confine the MPR values for 256 QAM in FR2-1 with the consideration that more advanced UE implementation technologies are also feasible for high-power devices. 

	R4-2302337
	Nokia, Nokia Shanghai Bell
	Withdrawn

	R4-2302529
	Nokia, Nokia Shanghai Bell
	Proposal 4: Opponents of using the findings recorded in TR 38.803 on phase noise for mm-wave frequencies as a basis should provide concrete alternative proposal to be discussed in RAN4 to progress the discussion in this topic.

	R4-2302733
	Ericsson Limited
	Proposal 4: For the sake of making a progress on this issue, we propose the following compromise between the two options:
· 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.



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions..
Sub-topic 2-1 MPR simulation
Sub-topic description: Discuss the EVM budget for EVM simulation
Open issues and candidate options before f2f meeting:
Issue 2-1-1: Phase noise assumption 
· Proposals
· [bookmark: OLE_LINK4][bookmark: OLE_LINK3]Option 1: Using the findings recorded in TR 38.803 on phase noise for mm-wave frequencies as a basis. (Nokia, Xiaomi)
· PN could increase by 6 dB every time when f0 doubles (assuming FoM and other things do not change)
· PN is inversely proportional to the square of the loaded quality factor of the resonator, Q
· 1/f noise up-conversion gives rise to close-to-carrier PN increase (small offset)
· Option 2: Others (Opponents of option 1 should provide concrete alternative proposal)
· Recommended WF
· TBA
Issue 2-1-2: Phase noise profile 
· Proposals
· 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)

· Recommended WF
· TBA
Issue 2-1-3: EVM budget
· Proposals
· Option 1: The EVM budget should be partitioned into four distortion contributors as used in FR1, and RAN4 to consolidate the inputs from companies based on their design approach for the EVM budget. (MTK)
· Option 2: Just specify EVM requirement for phase noise for FR2-1 EVM budget and other RF impairment aren’t further detailed: (Xiaomi)
	Tx EVM contributor
	EVM
	SNR(dB)

	Phase noise
	2.1%
	33.6 

	Other impairments (including IQ imbalance, PA and transmitter non-linearity)
	2.8%
	31.1

	Total
	3.5%
	29.1



· Recommended WF
· TBA
Issue 2-1-4: Whether consider other UE implementation-based methods to confine the MPR values for 256QAM
· Proposals
· Option 1: RAN4 should confine the MPR values for 256 QAM in FR2-1 with the consideration that more advanced UE implementation technologies are also feasible for high-power devices, i.e., linearization and more advanced semiconductor technologies. (Sony)
· Option 2: Adopt the same simulation method as used in FR1.
· Recommended WF
· TBA
Issue 2-1-5: PTRS configuration for MPR requirements
· Proposals
· 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.
· Option 2: Others.
· Recommended WF
· TBA
Topic #3: EVM test
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300194
	Nokia, Nokia Shanghai Bell
	Withdrawn

	R4-2300343
	Apple
	Observation 1: Previous analysis on PTRS performance found that the gain is dependent on the device specific phase noise profile with respect to the applied PTRS configuration. It seems that there exists no optimum PTRS configuration for all devices which would favour a device signalling its recommended setup to the network and test equipment.
Proposal 1: PTRS configuration should be aligned with the UE’s recommended PTRS configuration. (IE PTRS-DensityRecommendationSetUL)
Proposal 2: We propose to set the minimum UE EIRP for 256QAM as listed below. 
· UE EIRP for PC1: 19.5dBm
· UE EIRP for PC2, PC3, PC4: 2.5dBm
· UE EIRP for PC5: 9.5dBm
Proposal 3: Noise contributions represent a limitation for higher order modulations such as 256QAM due to tight EVM budget. It is proposed to use a similar scaling strategy as for FR2-2 and to introduce minimum UE EIRP scaling for 256QAM according to Table 6.4.2.1-3x since various noise sources provide a stronger issue for high order modulations such as 256QAM due to the tight EVM budget. 
Table 6.4.2.1-3x: Parameters for Error Vector Magnitude for power class 3 in FR2-1
	
	
	Level

	
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




	R4-2300707
	Qualcomm Incorporated
	Observation 1: The MPR simulation activity for UEs is gated by agreement on the PTRS correction method employed in the EVM calculator.
Proposal 1: For CP-OFDM, PTRS correction is implemented by de-rotation of each sub carrier in an OFDM symbol. The de-rotation angle is estimated as the frequency domain average of the phase rotation of all the PTRS tones in the allocation.
Proposal 2: For DFT-s-OFDM: 
· PTRS correction is implemented by de-rotation of each time-domain symbol by the estimated instantaneous phase deviation. 
· The instantaneous phase deviation impacting a data symbol due to DUT phase noise is estimated by linearly interpolating between the phase deviations determined for the nearest neighbouring PTRS groups. The phase deviation for each PTRS group is determined as the time domain arithmetic mean phase deviation of all PTRS symbols in the group.

Observation 2: The EVM benefit due to PTRS-based corrections depends on phase noise profile of the UE and modulation type (DFT-s or CP-OFDM). No single fixed PTRS configuration can be assumed to be beneficial for all UEs for all RB conditions and all MCSs.
Proposal 3: For UL 256QAM in FR2, the PTRS configuration shall be aligned with the UE’s recommended PTRS configuration (IE PTRS-DensityRecommendationSetUL).
Proposal 4: The EVM calculation signal flow including PTRS processing shall be included in the annex of TS38.101-2.

	R4-2300821
	LG Electronics France
	Observation 3 : The operating SNR improvement according to PTRS configuration seems negligible. This indicates that even if the UE’s recommended PTRS configuration is used, it may not have a large impact on EVM test. Also, the UE’s recommended PTRS configuration is optional feature, so the UE’s recommended PTRS configuration should be precluded for EVM test implementation.
Proposal 3: Use a fixed PTRS configuration without ICI compensation for all devices for the EVM test as in option 2.

	R4-2301147
	Anritsu Limited
	Observation 1: The way the reference signal used for the EVM calculation is currently derived in the 38.101-2 is problematic as it underestimates the EVM by using assumed ideal/reference constellation points closer to the measurement points than the true ideal/reference constellations points actually are.
Observation 2: UL 256QAM particularly in FR2-1 makes recovering the ideal reference signal difficult under some RF impairments such as phase noise.
Observation 3: It is assumed that making the EVM requirement more stringent in order to use non-data aided EVM is not an option.
Observation 4: UE phase noise profile having low phase noise, the CPE correction based on PTRS can still give some EVM improvement.
Observation 5: UE phase noise profiles having high phase noise in the frequency region affecting CPE (higher frequency part of the close-in phase noise and lower frequency part of the broadband phase noise) and low phase in the frequency region affecting ICI high phase noise, can show significant EVM improvement when CPE correction based on PTRS is applied.
Observation 6: The deterioration of 0.8dB of the “UE Example 1 PN profile” DFT-s-OFDM 256QAM EVM after CPE compensation based on PTRS has not been reiterated in other simulations. 
Observation 7: No deterioration was visible. Is deterioration of the EVM following CPE correction using PTRS correction an actual possibility? More simulations are necessary (using 60kHz SCS), it would be beneficial if more companies can perform simulations. 
Proposal 1: It should be studied 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.
Proposal 2: 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.

	R4-2301235
	ZTE Corporation
	Proposal 1. The UE EIRP for UL 256 QAM for PC1/2/5 UE are defined below:
	
Parameter
	Unit
	Level (PC1)
	Level (PC2)
	Level (PC5)

	UE EIRP for UL 256 QAM
	dBm
	 18
	 1
	 8




	R4-2301433
	Huawei, HiSilicon
	Proposal 1: the minimum EIRP for UL 256 QAM for EVM test is relaxed by 14 dB based on the minimum output power for different PCs
Proposal 2: Using a fixed PTRS configuration for the EVM test.

	R4-2301569
	vivo
	Proposal 2: The minimum output power for 256QAM during the EVM test can be relaxed by 14 dB.
Proposal 3: Only one minimum output power for all channel bandwidth is enough in FR2-1 as we agreed in R15.

	R4-2301620
	Xiaomi
	Observation 2: 
PC2 UE needs -0.6 dBm and 4 dBm minimum EIRP for EVM test for 256QAM with 400MHz channel bandwidth for 29GHz and 39GHz separately.
Considering to define one minimum EIRP for UL 256QAM at both 29GHz and 39GHz, the average value 1.7 dBm for PC2 UE could be applied for minimum EIRP of both 29GHz and 39GHz. Therefore, the relaxation value for minimum EIRP for UL 256QAM should be 14.7dB compare with the general minimum output power.
It can be observed that the difference of the relaxation values for UL 256QAM minimum EIRP is very small (0.7dB) between the method by comparing the SNR difference and MCL analysis.
Proposal 2: The minimum EIRP for UL 256 QAM for EVM test should be defined based on 400MHz channel bandwidth as for UL 16QAM and 64QAM.
Proposal 3: The minimum EIRP for UL 256 QAM for EVM test could be relaxed by 14 dB based on the minimum output power for different PCs:
	
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




	R4-2301928
	MediaTek Korea Inc.
	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




	R4-2302337
	Nokia, Nokia Shanghai Bell
	Withdrawn

	R4-2302371
	Huawei, HiSilicon
	Proposal 1: It is proposed to define fixed PTRS configuration with K=2, L=1 for all devices in the EVM test.
Proposal 2: It is proposed to adopt the PTRS correction method, i.e. option 1, in the WF of last meeting.
Proposal 3: It is proposed to capture the updated EVM calculation flow with PTRS in Annex of the specification.
Proposal 4: It is proposed to consider ICI compensation with PTRS for better performance of UE supporting UL 256QAM.

	R4-2302529
	Nokia, Nokia Shanghai Bell
	Proposal 3: To adopt option 2 (with LPT-RS = 1 also for DFT-s-OFDM) to use a fixed PTRS configuration for all devices for the EVM test.

	R4-2302733
	Ericsson Limited
	Proposal 3: Use a “-1dB/dB” relation to calculate the minimum EIRP requirement for 256QAM as in R4-2214390 and further discuss the eventual correction factors if needed.
Proposal 4: For the sake of making a progress on this issue, we propose the following compromise between the two options:
· 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.



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 3-1 Minimum EIRP requirements
Sub-topic description: Discuss the minimum EIRP requirements for EVM test
Open issues and candidate options before f2f meeting:
Issue 3-1-1: The minimum EIRP requirements for EVM test
· Proposals
· 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



· Recommended WF
· TBA

Sub-topic 3-2 PTRS
Sub-topic description: Discuss the PTRS requirements for UL 256QAM
Open issues and candidate options before f2f meeting:
Issue 3-2-1: PTRS configuration
· Proposals
· Option 1: PTRS configuration shall be aligned with the UE’s recommended PTRS configuration. (IE PTRS-DensityRecommendationSetUL) (Apple, Qualcomm)
· Option 2: Using a fixed PTRS configuration for all devices for the EVM test. (Nokia, LGE, Huawei, Ericsson)
· It is reasonable to stick with a Rel-15 PTRS configuration of K=2, L=1 only, If only CPE compensation method is used (with no ICI compensation) and having in mind the test implementation.
· Recommended WF
· TBA
Issue 3-2-2: PTRS correction methods
· Proposals
· Option 1:  (Qualcomm, Huawei)
· For CP-OFDM
· PTRS correction is implemented by de-rotation of each sub carrier in an OFDM symbol. The de-rotation angle is estimated as the frequency domain average of the phase rotation of all the PTRS tones in the allocation.
· For DFT-s-OFDM: 
· PTRS correction is implemented by de-rotation of each time-domain symbol by the estimated instantaneous phase deviation. 
· The instantaneous phase deviation impacting a data symbol due to DUT phase noise is estimated by linearly interpolating between the phase deviations determined for the nearest neighbouring PTRS groups. The phase deviation for each PTRS group is determined as the time domain arithmetic mean phase deviation of all PTRS symbols in the group.
· Recommended WF
· TBA
Issue 3-2-3: whether ICI compensation with PTRS
· Proposals
· Option 1: Consider ICI compensation with PTRS for better performance. (Huawei)
· Option 2: Consider ICI compensation only if sufficient performance improvement is shown by proponent with explanation of the underlying algorithm.
· Recommended WF
· Option 2 has been agreed in RAN4 104-bis-e meeting, if companies want to introduce ICI compensation, please share the explanation of the underlying algorithm.

Sub-topic 3-3 EVM calculation flow with PTRS
Sub-topic description: Discuss the EVM calculation flow with PTRS.
Open issues and candidate options before f2f meeting:
Issue 3-3-1: EVM calculation flow with PTRS
· Proposals
· Option 1: The EVM calculation signal flow including PTRS processing shall be included in the annex of 38.101-2 as normative content. (Qualcomm, Huawei)



· Recommended WF
· TBA
Sub-topic 3-4 EVM measurement
Sub-topic description: Discuss the EVM calculation flow with PTRS.
Open issues and candidate options before f2f meeting:
Issue 3-4-1: Basic EVM measurement
· Proposals
· [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)
· Option 2: Other.
· Recommended WF
· TBA

Topic #4: TP
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2301619
	Xiaomi
	The TP to to modify the system level simulation assumption and capture the link level simulation results from different companies and related summary into TR 38.891



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 4-1 TP to capture the agreement in last meeting
Sub-topic description:
The TP is to capture the agreement and simulation results in last meeting
Open issues and candidate options before f2f meeting:
Issue 4-1-1: Approved TP in R4-2301619
· Proposals
· Option 1: Yes
· Option 2: Modification is needed
· Recommended WF
· TBA

image1.emf
FFT @ 

ΔĐȅ

FFT @ 

ΔĐȅ

DMRS based 

MIMO channel 

est. 

RF 

CORRECTION

TE Port 1

RF 

CORRECTION

TE Port 2

Hard decision 

decoding

PTRS Extraction + 

de-rotation of 

symbols

L1 ͚equalization͛

NS1

LSE channel 

estimate for L1

MS1

FFT @ 

timing

FFT @ 

timing

IDFT

IDFT

DFT

DFT

NS1

EVM L1

-

+

Hard decision 

decoding

NS2

LSE channel 

estimate for L2

MS2 IDFT

DFT

DFT

 MIMO 

equalization 

 MIMO 

equalization 

PTRS Extraction + 

de-rotation of 

symbols

L2 ͚equalization͛ IDFT

EVM L2

-

NS2

+


Microsoft_Visio___.vsdx
FFT @ Δc̃
FFT @ Δc̃
DMRS based MIMO channel est.
RF CORRECTION
TE Port 1
RF CORRECTION
TE Port 2
Hard decision decoding
PTRS Extraction + de-rotation of symbols
L1 ‘equalization’
NS1
LSE channel estimate for L1
MS1
FFT @ timing
FFT @ timing
IDFT
IDFT
DFT
DFT
NS1
EVM L1
-
+
Hard decision decoding
NS2
LSE channel estimate for L2
MS2
IDFT
DFT
DFT
MIMO equalization
MIMO equalization

PTRS Extraction + de-rotation of symbols
L2 ‘equalization’
IDFT
EVM L2
-
NS2
+



