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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:
5.7.2 UL 256QAM
It is appreciated that the delegates for this topic put their contact information in the table below.
Contact information
	Company
	Name
	Email address

	Nokia
	Man Hung Ng
	man_hung.ng@nokia.com

	Qualcomm
	Sumant Iyer
	sumanti@qti.qualcomm.com

	AT&T
	Ron Borsato
	ronald.borsato@att.com




Topic #1: MPR
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304119
	Nokia, Nokia Shanghai Bell
	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.

	R4-2304327
	Apple
	Proposal 1: For updated phase noise profile agree on option 1 which proposes to adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example’ refers to the example phase noise profiles in TR38.803. 
Observation 2: Considering advanced UE implementation technologies for MPR confinement has the challenge that those require clarification as they might reach beyond typical RAN4 assumptions. Detailed analysis and measurements would be needed to support and verify simulated performance improvements.
Proposal 4: As partial solution it could be considered to focus on low bands for the next meetings as those feature the largest dynamic range and require less or no MPR confinement. Higher frequency bands could be considered in a later stage when sufficient time has been spent on analyzing and verifying improved UE implementation technologies.

	R4-2304601
	Qualcomm Incorporated
	Proposal 1: Adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example’ refers to the example phase noise profiles in TR38.803 for n257, n258 and n261.
Proposal 2: RAN4 to discuss using the favorable 30 GHz phase noise assumption to establish requirements for any band. Advanced Ues in the future can support in higher bands. 

	R4-2304634
	LG Electronics France
	Proposal 1: Consider the provided MPR values for FR2-1 UL256QAM PC1 and PC2 as baseline.
Table 5 Proposed MPRWT for power class 1, Bwchannel ≤ 200 MHz, FR2-1
	Modulation
	MPRWT (dB), Bwchannel ≤ 200 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	256 QAM
	≤ 10
	≤ 9.5
	≤ 9.5

	CP-OFDM
	256QAM
	≤ 12
	≤ 12
	≤ 11.5

	Note: 256 QAM MPRWT requirements can be applied for operating band n256, n258, n259 and n261.


Table 6 Proposed MPRWT for power class 1, Bwchannel = 400 MHz
	Modulation
	MPRWT (dB), Bwchannel = 400 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	256 QAM
	≤ 11
	≤ 10
	≤ 11

	CP-OFDM
	256 QAM
	≤ 13.5
	≤ 12.5
	≤ 13.5

	Note: 256 QAM MPRWT requirements can be applied for operating band n256, n258, n259 and n261.


Table 7 Proposed MPRWT for power class 2, Bwchannel ≤ 200 MHz, FR2-1
	Modulation
	MPRWT, Bwchannel ≤ 200 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	256 QAM
	≤ 9
	≤ 9

	CP-OFDM
	256 QAM
	≤ 11
	≤ 11

	Note: 256 QAM MPRWT requirements can be applied for operating band n256, n258, n259 and n261.


Table 8 Proposed MPRWT for power class 2, Bwchannel = 400 MHz, FR2-1
	Modulation
	MPRWT, Bwchannel ≤ 200 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	256 QAM
	≤ 10.5
	≤ 10.5 

	CP-OFDM
	256 QAM
	≤ 12.5
	≤ 12.5

	Note: 256 QAM MPRWT requirements can be applied for operating band n256, n258, n259 and n261.




	R4-2304689
	ZTE Corporation
	Observation 1: Smallest phase noise can be achieved for Alt 3, i.e. min(Ex1, Ex2), and lower EVM caused by phase noise can be expected.

	R4-2305068
	Xiaomi
	Proposal 1: Both of the phase noise profiles in Option1 and Option2 are feasible for MPR simulation.

	R4-2305093
	vivo
	Observation 1: Option 1 and Option 2 have similar performances on PTRS correction.
Proposal 1: Either Option 1 and Option 2 can be used in MPR evaluation, further down selection is not needed.

	R4-2305691
	Anritsu Limited
	Observation 1: Both the Min(38_803 Example1,38_803 Example2) from Qualcomm and MediaTek phase noise profiles allow UL 256QAM to be feasible in terms of phase noise profile.(for 29GHz)
Observation 2: Both the Min(38_803 Example1,38_803 Example2) from Qualcomm and MediaTek phase noise profiles seem to allow UL 256QAM to be feasible in terms of phase noise profile. (for 39GHz)
Observation 3: No phase noise profile among the ones proposed makes the EVM 3.5% requirement for UL 256QAM achievable and so would unlikely make actual UL 256QAM feasible. (for 48GHz)
Observation 4: The phase noise profiles proposed during RAN4 #106 allow the feasibility of UL 256QAM at 29GHz and 39GHz, a 3.5% EVM requirement for UL 256QAM FR2-1 is possible and so it allows the use non-data aided EVM without the risk of underestimation.

	R4-2305745
	Sony
	Proposal 1: 	The MPR of UL 256 QAM needs to be confined so that so that the UE can reach reasonable EIRP levels in a real network scenario.
Proposal 2: 	It is proposed that the MPR for UL 256 QAM shall not exceed 3 dB more than 64QAM.  
Observation 1: 	It is not an efficient method to reduce the EVM by MPR only at a EVM level around 3.5%.
Proposal 3: 	The MPR for UL 256 QAM shall be defined with consideration of both device technology and the system performance.

	R4-2305835
	Ericsson Limited
	Proposal 3: The MPR for UL 256QAM should be in the range of 1dB – 3dB higher than the corresponding value for 64QAM.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 Phase noise profile
Sub-topic description:
Open issues and candidate options before meeting:
Candidate options for modified phase noise profile in last meeting:
· 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


Summary of the simulation results to evaluate the phase noise profiles:
30GHz:
	Companies
	Phase noise model @30GHz
	Waveform
	SCS, NRB
	PTRS configuration
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	Xiaomi R4-2305068
	UE example 1
	CP-OFDM
	120kHz, 64RB
	L = 1, K =4
	-31.47
	-31.02
	0.44

	
	UE example 2 
	CP-OFDM
	120kHz, 64RB
	
	-28.28
	-26.65
	1.63

	Vivo R4-2305093
	UE example 1
	CP-OFDM
	120kHz, 66RB
	L = 1, K =2
	-22.7
	-22.6
	0.1

	
	UE example 2
	CP-OFDM
	120kHz, 66RB
	
	-22.4
	-22.2
	0.2

	
	Option 1
	CP-OFDM
	120kHz, 66RB
	
	-24.3
	-24.2
	0.1

	
	Option 2
	CP-OFDM
	120kHz, 66RB
	
	-22.2
	-22.2
	0

	
	UE example 1
	CP-OFDM
	120kHz, 66RB
	L = 1, K =4
	-22.1
	-22.6
	-0.5

	
	UE example 2
	CP-OFDM
	120kHz, 66RB
	
	-22.7
	-22
	0.7

	
	Option 1
	CP-OFDM
	120kHz, 66RB
	
	-23.9
	-24.1
	-0.2

	
	Option 2
	CP-OFDM
	120kHz, 66RB
	
	-21.5
	-21.5
	0

	Anritsu R4-2305691
	UE example 1
	
	
	
	-28.65
	
	

	
	UE example 2
	
	
	
	-28.6
	
	

	
	Option 1
	
	
	
	-32.27
	
	

	
	Option 2
	
	
	
	-30.92
	
	

	Qualcomm R4-2304601
	UE example 1 (R4-2300707)
	CP-OFDM
	120kHz, 64RB
	
	-30.1
	-29.7
	0.4

	
	UE example 2  (R4-2300707)
	CP-OFDM
	120kHz, 64RB
	
	-25.5
	-24.2
	1.3

	
	Option 1
	CP-OFDM
	120kHz, 64RB
	
	-33.5
	-32.7
	0.8

	
	Option 2
	CP-OFDM
	120kHz, 64RB
	
	-28.4
	-28.1
	0.3



	Companies
	Phase noise model @30GHz
	Waveform
	SCS, NRB
	PTRS configuration
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	Xiaomi R4-2305068
	UE example 1
	DFT-S-OFDM
	120kHz, 64RB
	L = 1
(N_group,N_samp)= (8, 4)
	-30.11
	-31.07
	-0.96

	
	UE example 2
	DFT-S-OFDM
	120kHz, 64RB
	
	-30.12
	-26.09
	4.03

	Vivo R4-2305093
	UE example 1
	DFT-S-OFDM
	120kHz, 66RB
	L = 1
(N_group,N_samp)= (4, 4)
	-22.1
	-22.6
	-0.5

	
	UE example 2
	DFT-S-OFDM
	120kHz, 66RB
	
	-22.7
	-22
	0.7

	
	Option 1
	DFT-S-OFDM
	120kHz, 66RB
	
	-23.9
	-24.1
	-0.2

	
	Option 2
	DFT-S-OFDM
	120kHz, 66RB
	
	-21.5
	-21.5
	0

	
	UE example 1
	DFT-S-OFDM
	120kHz, 66RB
	L = 1
(N_group,N_samp)= (8, 4)
	-21.8
	-22.6
	-0.8

	
	UE example 2
	DFT-S-OFDM
	120kHz, 66RB
	
	-24
	-22
	2

	
	Option 1
	DFT-S-OFDM
	120kHz, 66RB
	
	-24
	-24.1
	-0.1

	
	Option 2
	DFT-S-OFDM
	120kHz, 66RB
	
	-21.2
	-21.5
	-0.3

	Qualcomm R4-2304601
	UE example 1 (R4-2300707)
	DFT-S-OFDM
	120kHz, 64RB
	
	-28.9
	-29.7
	-0.8

	
	UE example 2 (R4-2300707)
	DFT-S-OFDM
	120kHz, 64RB
	
	-28.0
	-24.2
	3.8

	
	Option 1
	DFT-S-OFDM
	120kHz, 64RB
	
	-32.7
	-32.8
	-0.1

	
	Option 2
	DFT-S-OFDM
	120kHz, 64RB
	
	-26.9
	-28.1
	-1.2



40GHz:
	Companies
	Phase noise model @40GHz
	Waveform
	SCS, NRB
	PTRS configuration
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	Anritsu R4-2305691
	UE example 1
	
	
	
	-25.2
	
	

	
	UE example 2
	
	
	
	-26.2
	
	

	
	Option 1
	
	
	
	-29.3
	
	

	
	Option 2
	
	
	
	-28.5
	
	

	Qualcomm R4-2304601
	Option 1
	CP-OFDM
	120kHz, 64RB
	
	-30.1
	-29.2
	0.9



	Companies
	Phase noise model @40GHz
	Waveform
	SCS, NRB
	PTRS configuration
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	Qualcomm R4-2304601
	Option 1
	DFT-S-OFDM
	120kHz, 64RB
	
	-29.4
	-29.2
	0.2



45GHz:
	Companies
	Phase noise model @45GHz
	Waveform
	SCS, NRB
	PTRS configuration
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	Xiaomi R4-2305068
	UE example 1
	CP-OFDM
	120kHz, 64RB
	L = 1, K =4
	-26.09
	-25.82
	0.27

	
	UE example 2 
	CP-OFDM
	120kHz, 64RB
	
	-24.46
	-22.71
	1.75

	
	Option 1 
	CP-OFDM
	120kHz, 64RB
	
	-31.74
	-30.58
	1.16

	
	Option 2 
	CP-OFDM
	120kHz, 64RB
	
	-30.47
	-30.03
	0.44

	ZTE R4-2304689
	UE example 1
	CP-OFDM
	120kHz, 64RB
	
	-24.7
	-24.5
	0.2

	
	UE example 2
	CP-OFDM
	120kHz, 64RB
	
	-21.5
	-20.4
	1.1

	
	Option 1
	CP-OFDM
	120kHz, 64RB
	
	-30.4
	-28
	2.4

	
	Option 2
	CP-OFDM
	120kHz, 64RB
	
	-27.3
	-27.1
	0.2

	Anritsu R4-2305691
	UE example 1
	
	
	
	-22.9
	
	

	
	UE example 2
	
	
	
	-24.9
	
	

	
	Option 1
	
	
	
	-27.9
	
	

	
	Option 2
	
	
	
	-27.3
	
	

	Anritsu R4-2301147 (last meeting)
	UE example 1
	CP-OFDM
	
	
	-21.3
	-20.6
	0.7

	
	UE example 2
	CP-OFDM
	
	
	-18.6
	-13.9
	4.7

	Qualcomm R4-2300707  (last meeting)
	UE example 1 (R4-2300707)
	CP-OFDM
	120kHz, 64RB
	
	-24.8
	-24.5
	0.3

	
	UE example 2 (R4-2300707)
	CP-OFDM
	120kHz, 64RB
	
	-21.8
	-20.6
	1.2



	Companies
	Phase noise model @45GHz
	Waveform
	SCS, NRB
	PTRS configuration
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	Xiaomi R4-2305068
	UE example 1
	DFT-S-OFDM
	120kHz, 64RB
	L = 1
(N_group,N_samp)= (8, 4)
	-24.66
	-25.90
	-1.24

	
	UE example 2
	DFT-S-OFDM
	120kHz, 64RB
	
	-26.30
	-22.20
	4.10

	
	Option 1
	DFT-S-OFDM
	120kHz, 64RB
	
	-30.65
	-30.50
	0.15

	
	Option 2
	DFT-S-OFDM
	120kHz, 64RB
	
	-29.12
	-30.08
	-0.96

	Anritsu R4-2301147 (last meeting)
	UE example 1
	DFT-S-OFDM
	
	
	-21.7
	-20.9
	0.8

	
	UE example 2
	DFT-S-OFDM
	
	
	-19.6
	-13.7
	5.9

	Qualcomm  R4-2300707  (last meeting)
	UE example 1 (R4-2300707)
	DFT-S-OFDM
	120kHz, 64RB
	
	-23.5
	-24.6
	-1.1

	
	UE example 2 (R4-2300707)
	DFT-S-OFDM
	120kHz, 64RB
	
	-24.6
	-20.5
	4.1



Issue 1-1-1: Phase noise assumption
· Proposals
· [bookmark: OLE_LINK7]Option 1: Using the favourable 30 GHz phase noise assumption to establish requirements for any band. Advanced Ues in the future can support in higher bands. (Qualcomm)
· Option 2: Using 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. (Nokia)
· Recommended WF
· TBA
Discussions:
LGE: OK with Option 1 and Option 2. We have question on the simulation results.
Qualcomm: we also found the problem. It is not direct to density of PTRS. PTRS does not seem hurt EVM. For DFT PTRS is introduced in time domain. The variation is different from the phase noise variation.

Issue 1-1-2: Phase noise profiles evaluation
· Proposals
· [bookmark: OLE_LINK12][bookmark: OLE_LINK13]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 for n257, n258 and n261 (29GHz). (Qualcomm)
· Option 2：Adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example’ refers to the example phase noise profiles in TR38.803. (Apple)
· Option 3: both of Option 1 and Option 2 can be used in MPR evaluation. (Xiaomi, Vivo)
· Recommended WF
· TBA
Discussions:
LGE: OK with Option 3 and also OK with example 1 and 2.
Apple: option 1 is referring to the specific bands.
Qualcomm: example 1 and example 2 are not fine. Some kind of low limit and worst phase noise is assumed. We cannot make decision based on PTRS. It is useful to decide either option 1 or option 2.
Ericsson: we need more discussions. It is good to first confirm whether the model of phase noise is feasible.
AT&T: We also would like to see the phase noise model for n260.
Mediatek: Clarify option 3.
Moderator: Option 3 means the candidate profiles comes from the last meeting.
Qualcomm: To AT&T, we would like to assume the favourable phase noise. It was discussed in the previous proposal. To Ericsson, example 1 and 2 are feasible and aligned with data. If we do not have good phase noise model, we will have no agreement on PTRS.
Nokia: to Mediatek, do you do simulation based on option 2.
Mediatek: we can propose in the next meeting.
ZTE: Option 1 studies phase noise profile which is derived from 29GHz and apply it to other bands. Is that correct? If that is correct, we think the frequency range has to be specified?
Qualcomm: The capability of 256QAM will be defined by band/band combination. The phase noise derived based on 30GHz applies for all bands. If UE can meet it, UE can choose supporting 256QAM in all the bands.
Vivo: after checking the simulation results, the results from companies are quite diverse. We can focus on the simulation assumption in this meeting.
Nokia: To Qualcomm, other option can not meet the profile. Have you simulate the profile of option 2 in the last meeting?
Qualcomm: yes. We use the agreement made in the last meeting how to process PTRS and how phase noise are removed by PTRS. We apply for both options. It turns out Option 2 profile has EVM floor that is higher than requirement for EVM for 256QAM. The same for DFT-s-OFDM.
Nokia: We have wait for the next meeting for Mediatek simulation results.
Huawei: To Qualcomm, you have simulation based on option 2. Have you consider the ICI?
Qualcomm: the assumption used is aligned with WF. CP-OFDM has no ICI.

Issue 1-1-3: Simulation assumption for phase noise profiles evaluation
· Proposals
· Option 1: 
	[bookmark: OLE_LINK26]Parameters
	Value

	Frequency
	29, 39, 45 GHz

	SCS
	60kHz, 120kHz

	BW
	100MHz

	RB Size
	128RB for 60kHz, 64RB for 120kHz

	Background AWGN
	No additional noise

	Time offset/Frequency offset
	0

	Antenna configuration
	1T1R

	Modulation
	256QAM

	Waveform type
	CP-OFDM / DFT-s-OFDM

	DMRS
	3 symbols per slot (UL DMRS add-pos = 2)

	PTRS configuration
	OFF/ON
For CP-OFDM:
L-PTRS (Time density) = 1 (every 1 symbol)
K-PTRS (Freq density) = 4 (every 4 RBs)
and 
L-PTRS (Time density) = 1 (every 1 symbol)
K-PTRS (Freq density) =2 (every 4 RBs)
For DFTs-OFDM:
L-PTRS (Time density) = 1 (every symbol)
N_group = 8, N_samp = 4
and
L-PTRS (Time density) = 1 (every symbol)
N_group = 4, N_samp = 4

	EVM measurement
	Data aided EVM measurement, based on ideal data signal

	Phase noise profiles
	



· Recommended WF
· TBA
Issue 1-1-4: How to apply the phase noise profiles in simulation
· Proposals
· For 29GHz: 
· Example 1 in TR38.803 for 29 GHz.
· Example 2 in TR38.803.
· Adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example1 and example2’ refers to the example phase noise profiles in TR38.803 for 29 GHz.
· 39GHz
· Example 2 in TR38.803.
· 45 GHz
· Example 1 in TR38.803 for 45 GHz.
· Example 2 in TR38.803.
· Adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example1 and example2’ refers to the example phase noise profiles in TR38.803 for 45 GHz.
· A new UE phase noise profile based on the multi-pole/zero model with parameters shown in Table 1 for 45GHz.
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


· 

	Company
	Comments

	XXX
	Issue 1-1-1: 
Issue 1-1-2: 
….
Others:

	Anritsu
	Issue 1-1-2:
We kind of agree with the point made by ZTE in R4-2304689:
[image: ] 
min(example1, example2) shows UL256 QAM achievable in some bands, but it is necessary to obtain from chipset vendors (and UE vendors) proposals of a true phase noise profile (Can we have the best of both worlds “Example1” and “Example2”?) that gives equivalent performance, that should also modellable using multi-pole/zero model.
This would allow to have something documented that is credible also to RF/mmwave engineers and to confirm feasibility of the phase noise profile (in terms of PTV).

	ZTE
	Issue 1-1-1: Phase noise assumption
With development of hardware, the performance of UE will gradually improve, and the corresponding phase noise will also decrease. Therefore, lower PN at the UE side can be expected. With regard to option 1,  which pointed out that the modified phase noise applies to all bands, and we believe that its applicable range should at least be specified due to the wide frequency range of FR2.
Issue 1-1-2: Phase noise profiles evaluation
This issue is related to issue 1-1-1. With regard to PN profile, the frequency range needs to be clarified.

	Nokia
	Issue 1-1-1: 
Propose option 2, ok with option 1.
Issue 1-1-2: 
Ok with option 1; for option 2, further input from UE vendors on feasibility to extend min(example1, example 2) for >40 GHz bands are welcome; for option 3, it is ok as long as used phase noise profiles are technical justified, input from UE vendors on feasibility for >40 GHz bands are welcome.

	Moderator
	According to GTW discussion, I introduced two new issues to align the simulation assumption for phase noise profiles evaluation, I think the following discussion can focus on the simulation assumption of phase noise profile evaluation as list in Issue 1-1-3 and Issue 1-1-4, companies can further modify them based on my proposal.
To MTK, in last meeting, your proposed phase noise profile in R4-2301928 is for 45GHz, please clarify what phase noise profile we can apply for 29GHz and 39GHz.
To Qualcomm and all, it was agreed UL 256QAM are feasible for both of 29GHz and 39GHz. But currently example 1 in TR38.803 is just suitable for 29GHz, 45GHz and 70GHz. The question is how we evaluate the phase noise profile using example 1 or adopting min(example1, example2).

	Vivo
	Generally, we are OK with the simulation assumption, but in previous meeting, we agreed that:
	UL 256QAM is unfeasible for 48GHz in Rel-18
So may be no need to include 45 GHz case into the list

	LGE
	Issue 1-1-1:  option1 and option2 are OK.
Issue 1-1-2: We are ok with option1, option2, example 1 and example2. Our submitted MPR evaluation result used UE example 1 phase noise profile.
Issue 1-1-3: We are OK with option 1.
Issue 1-1-4: We need to check that we can get the reasonable MPR value when using these phase noise profile. Our evaluated MPR simulation results using example 1 are shown in issue 1-2-3.


	Nokia
	Issue 1-1-3:
We propose to first focus on 29 and 39 GHz simulation as we agreed they are feasible for 256QAM UL.
Also we propose to only simulate the case with densest PTRS configuration, then if UE recommend another PTRS configuration, it should at least provide the same performance as the densest PTRS configuration, so no additional requirement need to be specify for UE recommended PTRS configuration, the same requirement shall apply to both default and UE recommended PTRS configuration.
From the discussion yesterday, there is no need to further consider data-aided EVM measurement, so we should remove ‘Data aided EVM measurement’ from the table, otherwise it would cause ambiguity we should use ‘real data aided EVM measurement’ instead of ‘ideal data signal EVM measurement’.

	Sony
	Issue 1-1-1: 
Support option 1. We think for such a stringent EVM requirement, it is critical from implementation aspect to do as good as possible to reduce the PN, and the PN model should be assumed on the best effort that UE can implement. Otherwise, only the PN itself may eat up all the EVM margin for 256 QAM. 
Issue 1-1-2: 
Similar motivation as above, option 1 and option2 are fine with us.

	Qualcomm
	Issue 1-1-1: option 1. We will come up with a pole-zero parameter set that achieves similar phase noise  as our min(ex1, ex2) proposal  (May meeting).  The technical justification is that state of the art phase noise profiles can easily achieve the min (.,.) proposal at least in the lower frequency bands.
Issue 1-1-2:  Prefer option 1, because option 2 while technically justified will likely cause different MPRs for different bands. Ofcourse other decisions like capping MPR from system arguments may make this argument moot.
Issue 1-1-3: thank you for constructing list of parameters for organized evaluation. Some comments:
Frequency: can drop 45 GHz
Antenna config: (Just a comment for consideration) 1T2R is probably what is accurate for OTA, but for this evaluation I understand the intent.
PTRS config: (Just a comment  for consideration) The DFT-s configurations suggested are ok for the test RB allocation lengths but a general rule must be established for the requirement (see 04601)


	Ericsson
	Issue 1-1-2: Phase noise profiles evaluation
Although we understand the need for a new phase noise model for UL 256QAM to become feasible, before proceeding with min(example 1, example 2) model it would be good if the companies could demonstrate that it is technically feasible.
Issue 1-1-3: Simulation assumption for phase noise profiles evaluation
Option 1 seems OK, except that there is probably a mistake in “PTRS configuration” row, where it is written “K-PTRS (Freq density) =2 (every 4 RBs)” instead of “K-PTRS (Freq density) =2 (every 2 RBs)”. The focus should be on 29GHz and 39GHz carrier frequencies since only for these frequencies it has been agreed so far that UL 256QAM is feasible.

	MediaTek
	Issue 1-1-1
Option1 and Option2 are OK. 
Issue 1-1-2:
Option 3. We provide phase noise model parameters for 39GHz and 29.55GHz as the following. Ok with Option1.
Issue 1-1-3:
Similar view as vivo. We can preclude 45GHz.
To Moderator: 
We summarize phase noise model parameters for 45GHz, 39GHz and 29.55GHz as shown below:
[image: ]



	AT&T
	Issue 1-1-1 and Issue 1-1-2: 
Regardless of the options chosen, we need to ensure that 39GHz is addressed in this WI in the Rel-18 timeframe as it has been already agreed as feasible.
Issue 1-1-3: 
We support the comment from Nokia to focus on 29 and 39 GHz simulations.

	Apple
	Issue 1-1-1: Phase noise assumption
Use 30GHz assumption for agreed frequency range with excluding 48GHz.
Regarding 48GHz we think that the focus of current evaluation should be kept on the lower bands as agreed in previous meetings. Even if better PN performance is agreed there is still an issue with low min peak EIRP and the limited dynamic range for PC1.
Issue 1-1-2: Phase noise profiles evaluation
We are fine with option 1 and option 2.
Issue 1-1-4:
Proposal seems fine. However, since 48GHz was deemed unfeasible for 256QAM the case for 45GHz should not be included.






Sub-topic 1-2 MPR requirement
Sub-topic description 
Open issues and candidate options before meeting:
Issue 1-2-1: How to define MRP for UL 256QAM
· Proposals
· Option 1: (Sony)
· The MPR of UL 256 QAM needs to be confined so that the UE can reach reasonable EIRP levels in a real network scenario.
· The MPR for UL 256 QAM shall be defined with consideration of both device technology and the system performance.
· Option 2: As partial solution it could be considered to focus on low bands for the next meetings as those feature the largest dynamic range and require less or no MPR confinement. Higher frequency bands could be considered in a later stage when sufficient time has been spent on analyzing and verifying improved UE implementation technologies. (Apple)
· Recommended WF
· TBA

Discussions: 
Sony: the intention is to provide some cap for MPR to be specified whatever the phase noise profile is.
LGE: what is the original EIPR? How can we limit?
Qualcomm: both options do not compete with each other. Both options are OK for us.
Apple: MPR seems based on sufficient dynamic range. The proposal is if the MPR needs be reduced then we need specify the improvement with new tech. We should not simply cut down MPR.
Sony: The cap of one MPR value in the end should be reasonable. Based on our initial simulation, if the model of PA is not well addressed, the large MPR value will apply. If we follow the typical way, we cannot have reasonable MPR value.
AT&T: We need keep in mind that we have time to address higher band including n260.
Qualcomm: the proposal is not preclusive for higher band.

Issue 1-2-2: MRP requirements
· Proposals
· Option 1: The MPR for UL 256 QAM shall not exceed 3 dB (i.e., 1dB~3dB) more than 64QAM. (Sony, Ericsson)
· Option 2: Consider the below tables provided MPR values for FR2-1 UL256QAM PC1 and PC2 as baseline. (LGE)
Table 5 Proposed MPRWT for power class 1, Bwchannel ≤ 200 MHz, FR2-1
	Modulation
	MPRWT (dB), Bwchannel ≤ 200 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	64 QAM
	≤ 6.5
	≤ 5.0
	≤ 5.0

	CP-OFDM
	64 QAM
	≤ 7.5
	≤ 7.5
	≤ 7.5

	DFT-s-OFDM
	256 QAM
	≤ 10
	≤ 9.5
	≤ 9.5

	CP-OFDM
	256QAM
	≤ 12
	≤ 12
	≤ 11.5

	Note: 256 QAM MPRWT requirements can be applied for operating band n257, n258, n259 and n261.


Table 6 Proposed MPRWT for power class 1, Bwchannel = 400 MHz, FR2-1
	Modulation
	MPRWT (dB), Bwchannel = 400 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	64 QAM
	≤ 6.5
	≤ 6.5
	≤ 6.5

	CP-OFDM
	64 QAM
	≤ 9.0
	≤ 9.0
	≤ 9.0

	DFT-s-OFDM
	256 QAM
	≤ 11
	≤ 10
	≤ 11

	CP-OFDM
	256 QAM
	≤ 13.5
	≤ 12.5
	≤ 13.5

	Note: 256 QAM MPRWT requirements can be applied for operating band n257, n258, n259 and n261.


Table 7 Proposed MPRWT for power class 2, Bwchannel ≤ 200 MHz, FR2-1
	Modulation
	MPRWT, Bwchannel ≤ 200 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	64 QAM
	≤ 5.0
	≤ 5.5

	CP-OFDM
	64 QAM
	≤ 7.5
	≤ 7.5

	DFT-s-OFDM
	256 QAM
	≤ 9
	≤ 9

	CP-OFDM
	256 QAM
	≤ 11
	≤ 11

	Note: 256 QAM MPRWT requirements can be applied for operating band n257, n258, n259 and n261.


Table 8 Proposed MPRWT for power class 2, Bwchannel = 400 MHz, FR2-1
	Modulation
	MPRWT, Bwchannel = 400 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	64 QAM
	≤ 6.5
	≤ 6.5

	CP-OFDM
	64 QAM
	≤ 9.0
	≤ 9.0

	DFT-s-OFDM
	256 QAM
	≤ 10.5
	≤ 10.5 

	CP-OFDM
	256 QAM
	≤ 12.5
	≤ 12.5

	Note: 256 QAM MPRWT requirements can be applied for operating band n257, n258, n259 and n261.


· Recommended WF
· TBA
Issue 1-2-3: Simulation assumption for MPR
· Proposals
EVM budget from LGE
-For CP-OFDM (L=1, K=2), (64 RB,120 kHz)
	Tx EVM contributor
	EVM (%)
	SNR (dB)

	Phase Noise+IQ Imbalance
	2.95
	30.6

	PA Non-linearity & Transmitter
	1.88
	34.5

	Total
	3.50
	29.1


[image: ]

-For DFT-s-OFDM(no PTRS correction), (64 RB,120 kHz)
	Tx EVM contributor
	EVM (%)
	SNR (dB)

	Phase Noise+IQ Imbalance
	2.30
	32.8

	PA Non-linearity & Transmitter
	2.64
	31.6

	Total
	3.50
	29.1


[image: ]

PA
Using the 39 dBm PA model considering the Tx post loss for PC1
Using the 27 dBm PA model considering the Tx post loss for PC2

Phase noise profile
Using the example 1 in TR38.803.

[image: ]

PTRS configuration for CPE correction
Using the PTRS (K=2, L=1)

· Recommended WF
· TBA



Discussions:
LGE: I did not include the simulation results for MPR. We will update our detailed simulation assumptions in the comments.
AT&T: we can indicate n260 is FFS or we can have separate table to make sure to capture the requirements for all the bands in FR2-1.
Nokia: Looking at the simulation results, we just remind that in the last meeting we explain which profile is used in the simulation. We cannot see the impact of profile. Companies are expected to provide the details on the phase noise.

	Company
	Comments

	XXX
	Issue 1-2-1: 
Issue 1-2-2: 
….
Others:

	ZTE
	Issue 1-2-1: How to define MRP for UL 256QAM
To support UL 256QAM, MPR value can not be too large. On the other hand, as advanced processing technology can be considered, a relatively small values can be expected for MPR.
We are also fine with option 2 which first focuses on lower band.

	Nokia
	Issue 1-1-1: 
OK with both option 1 and option 2.
Issue 1-1-2: 
FFS, wait for further MPR evaluation results from other companies before making the decision.

	Moderator
	I think LGE will update their simulation assumption for MPR, especially including PTRS configuration and phase noise profile, companies can modify the simulation assumption based on LGE proposal to facilitate the simulation in next meeting and future meetings.
To LGE, please update your simulation assumption for MPR in new Issue 1-2-3.

	LGE
	Issue 1-2-1: 
We believe MPR value cap is not a good approach, but we are open to discussing how we can get reasonable MPR value.
Issue 1-2-2: 
We simulated the MPR value using the detailed MPR assumption attached in issue 1-2-2.

	Sony
	Issue 1-2-1: 
We support option 1 as proponent and also okay to start with lower bands first. We think the MPR value should not only based on existing UE implementations but also guarantee the feature can be useful from network perspective, especially for such a high order modulation scheme. The actual dynamic range or the UE EIRP may easily go below the minimum level if no cap on the MPR is introduced. 
Issue 1-2-2: support option 1 as proponent. 

	Qualcomm
	Issue 1-2-1: Option 1. We would like to acknowledge that option 2 correctly captures current (pre-256) performance trends. We think that from a standards perspective we can consider the 256 -worthy assumptions and requirements as setting a new bar for performance to support this optional enhancement, rather than trying to include legacy hardware to support this feature. 
Issue 1-2-2: Option 1 is ok for us. If not, prefer to discuss in august mtg.
Issue 1-2-3: Prefer to discuss in august mtg. We would like to highlight that EVM impact varies by RB length, and we need to figure out details of DFT-s PTRS config beyond time density. It is more complicated than for CP-OFDM due to dependence on allocation length. See 04601.

	Ericsson
	Issue 1-2-1: How to define MRP for UL 256QAM
We support Option 1 and share the same view as Sony on this issue.
Issue 1-2-2: MRP requirements
Option 1: it is important to limit the MPR mostly from the network performance perspective, but also due to very high test and Pc,max tolerances during min peak EIRP conformance test where the dynamic range between min EIRP for 256QAM and min peak EIRP is small.

	MediaTek
	Issue 1-2-1:
OK with both Option 1 and Option 2.


	AT&T
	Issue 1-2-1: 
OK with option 1 and option 2. As stated in the GTW, even if we focus on lower bands from a project management perspective, we need ensure that 39GHz is addressed in this WI in the Rel-18 timeframe.
Issue 1-2-2: 
We support Option 1.

	Apple
	Issue 1-2-1: How to define MRP for UL 256QAM
Introducing MPR confinement solely for guaranteeing sufficient dynamic range and high EIRP levels does not seem justified because MPR is a function of hardware performance such as PA non-ideality. MPR confinement should be motivated by improvements from Tx chain and not from UL coverage necessity. 
Since UL coverage and dynamic range is an issue, it is therefore proposed to derive MPR for low bands first as those have the largest power range and highest min peak EIRP. 
Issue 1-2-2: MRP requirements
Following the argument made in Issue 1-2-1 the Option 2 seems more reasonable (compared to simply capping the MPR value) as it is based on Tx chain performance and not on hardware un-related secondary goals.




Companies views’ collection for 1st round 
Open issues 
One of the two formats, i.e. either example 1 or 2 can be used by moderators.
Example 1
	Company
	Comments

	XXX
	Sub topic 1-1: 
Sub topic 1-2:
….
Others:



Example 2
Sub topic 1-1 
	Company
	Comments

	XXX
	


 
Sub topic 1-2 
	Company
	Comments

	XXX
	


 
CRs/TPs comments collection
For close-to-finalize WIs and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
Sub-topic #1-1
	[bookmark: OLE_LINK24][bookmark: OLE_LINK25]
	Status summary 

	Issue 1-1-1 Phase noise assumption
	Tentative agreements:
No conclusion, wait for issue 1-1-2.
Candidate options:
None
Recommendations for 2nd round:
None

	Issue 1-1-2 Phase noise profiles evaluation
	Tentative agreements:
No conclusion, further evaluate different phase noise profiles based on the simulation assumptions in issue 1-1-3 and issue 1-1-4 in next meeting.
Candidate options:
None
Recommendations for 2nd round:
None

	[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Issue 1-1-3 Simulation assumption for phase noise profiles evaluation
	Tentative agreements:
None.
Candidate options:
Modify Option 1, preclude 45GHz
	Parameters
	Value

	Frequency
	29, 39 GHz

	SCS
	60kHz, 120kHz

	BW
	100MHz

	RB Size
	128RB for 60kHz, 64RB for 120kHz

	Background AWGN
	No additional noise

	Time offset/Frequency offset
	0

	Antenna configuration
	1T1R

	Modulation
	256QAM

	Waveform type
	CP-OFDM / DFT-s-OFDM

	DMRS
	3 symbols per slot (UL DMRS add-pos = 2)

	PTRS configuration
	OFF/ON
For CP-OFDM:
L-PTRS (Time density) = 1 (every 1 symbol)
K-PTRS (Freq density) =2 (every 2 RBs)
For DFTs-OFDM:
L-PTRS (Time density) = 1 (every symbol)
N_group = 8, N_samp = 4

	EVM measurement
	Data aided EVM calculation, based on ideal data signal

	Phase noise profiles
	Depends on Issue 1-1-4



Recommendations for 2nd round:
Further check the simulation assumptions in the WF

	Issue 1-1-4 How to apply the phase noise profiles in simulation
	Tentative agreements:
Drop 45GHz
Candidate options:
· Proposals
· For 29GHz: 
· Example 1 in TR38.803 for 29 GHz.
· Example 2 in TR38.803.
· Adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example1 and example2’ refers to the example phase noise profiles in TR38.803 for 29 GHz.
· Proposal from MTK’s comment
[image: ]
· 39GHz
· Example 2 in TR38.803.
· Example 1-based
· Down select from vivo’s proposal in comment and Anritsu’s proposal in contribution R4-2305691
Example 1-based from vivo’s 
[image: cid:image002.png@01D972EE.3DB75BF0]
Example 1-based from Anritsu’s contribution
[image: ]
· Proposal from MTK’s comment
[image: ]
· Adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example2’ refers to the example phase noise profiles in TR38.803 and ‘example1’ refers to Example 1-based for 39GHz.

Recommendations for 2nd round:
Further check whether introduce the candidate phase noise profiles for 29GHz and 39GHz proposed in comments in the WF

	
	



Sub-topic #1-2
	
	Status summary 

	Issue 1-2-1 How to define MRP for UL 256QAM
	Tentative agreements:
No conclusion.
Candidate options:
None
Recommendations for 2nd round:
None

	Issue 1-2-2 MRP requirements
	Tentative agreements:
No conclusion.
Candidate options:
None
Recommendations for 2nd round:
None

	Issue 1-2-3 Simulation assumption for MPR
	Tentative agreements:
Companies are expected to clarify EVM budge, PA model, Phase noise profile, PTRS configuration for CPE correction.
Candidate options:
None. 
Recommendations for 2nd round:
None



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Topic #2: 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

	R4-2304119
	Nokia, Nokia Shanghai Bell
	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.

	R4-2304327
	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 that the device signals its recommended setup to the network and test equipment.
Proposal 2: PTRS configuration should be aligned with the UE’s recommended PTRS configuration. (IE PTRS-DensityRecommendationSetUL)
Proposal 3: For EVM testing PC1, PC2 and PC5 the minimum EIRP requirements can be defined according to Option 2. It is acceptable as it uses -1dB/dB relation and together with an 1dB correction factor to account for the nearby noise floor. According to discussion scaling with channel bandwidth might not be required for PC1, PC2 and PC5. 

	R4-2304601
	Qualcomm Incorporated
	Proposal 1: Adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example’ refers to the example phase noise profiles in TR38.803 for n257, n258 and n261.
Proposal 2: RAN4 to discuss using the favorable 30 GHz phase noise assumption to establish requirements for any band. Advanced Ues in the future can support in higher bands.
Observation 2: A fixed PTRS configuration of K=2, L=1 benefits EVM for CP-OFDM waveforms with the phase noise profile of proposal 1. 
Proposal 3: Packaged with proposal 1: Adopt K=2, L=1 for CP-OFDM.
Observation 3: Assuming the phase noise profile of proposal 1, only narrow allocations of DFT-s-OFDM waveforms (~20RB or narrower) benefit from PTRS.
Observation 4: Assuming the phase noise profile of proposal 1, the network is better off not configuring PTRS for allocations wider than 20 RBs. 
Observation 5: Unlike CP-OFDM, it is not clear how to adjust PTRS parameters when the number of symbols in each OFDM symbol (12*LCRB) starts to become comparable to the product Nsampgroup, * NPT-RSgroup.
Proposal 4: RAN4 to consider not specifying PTRS for DFT-s-OFDM for FR2-1 UL256QAM
Proposal 5: If PTRS must be specified for FR2-1 UL256QAM, the following conditions apply prior to MPR estimation: 
· Packaged with proposal 1, adopt 4 samples/group and 8 groups/OFDM symbol for DFT-s-OFDM for narrow allocations (20 RBs or narrower). 
· PTRS is not configured for DFT-s-OFDM for allocations wider than 20 RBs.
· RAN4 to agree on PTRS configuration strategy for very narrow allocations (<= 8RB) 

	R4-2304689
	ZTE Corporation
	Proposal 1: To confirm option 1 as the minimum EIRP requirements for EVM test.

	R4-2304699
	MediaTek Korea Inc.
	Proposal 1: If Option 2 is not agreeable, we can compromise to Option 1 if it is the majority view.  
Observation 1: 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. 
Proposal 2: Further scaling the minimum EIRP with bandwidth based on Option 2, i.e., Option 3, is unnecessary.
Observation 2: Views for the PTRS processing gain are not aligned in RAN4.
Proposal 3: RAN4 to evaluate and reach a common understanding on impacts on EVM by using PTRS processing for different phase noise profiles at first, and then continue to discuss PTRS configuration for EVM test. 

	R4-2305068
	Xiaomi
	Proposal 2: The minimum EIRP for UL 256 QAM for EVM test should be defined a single value for all FR2-1 channel bandwidths 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

	Operating conditions
	
	Normal Conditions

	NOTE 1:	PTRS is configured for 256 QAM


Proposal 4: PTRS configuration for EVM test:
· Using a fixed PTRS configuration (K = 2, L = 1) for all devices as the default configuration for the EVM test regardless of UE’s recommended PTRS configuration.
· A relaxation is allowed when the UE recommended PTRS configuration is not the default, how to introduce the relaxation can be further discussion.

	R4-2305093
	vivo
	Observation 2: UE is hardly ensured to benefit from fixed PTRS configuration under different situations. 
Observation 3: UE performance in the field cannot be guaranteed if only the UE-recommended PTRS configuration is verified.
Proposal 2: The fixed PTRS configuration is used in EVM test for all device
· For CP-OFDM, the configuration is KPTRS = 2, LPTRS =1
· For DFT-s-OFDM, the configuration is (, )=(4, 4), LPTRS =1
· If UE supports PTRS-DensityRecommendationSetUL and the recommended PTRS is not aligned with the fixed PTRS configuration, the EVM requirement relaxation is allowed, e.g., from 3.5% to 4.5%
Proposal 3: Define the minimum EIRP as option 1:
	
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




	R4-2305309
	Huawei, HiSilicon
	Proposal 1: the minimum EIRP for UL 256 QAM for EVM test is relaxed by 8.5 dB compared to 64QAM, based on the minimum output power for different PCs
	
Parameter
	Unit
	PC1
	PC2
	PC5

	UE EIRP
	dBm
	 4
	 -13
	 -6

	UE EIRP for UL 256 QAM
	dBm
	 19.5
	 2.5
	 9.5




	R4-2305691
	Anritsu Limited
	Observation 4: The phase noise profiles proposed during RAN4 #106 allow the feasibility of UL 256QAM at 29GHz and 39GHz, a 3.5% EVM requirement for UL 256QAM FR2-1 is possible and so it allows the use non-data aided EVM without the risk of underestimation.
Proposal 1: EVM requirement for UL 256QAM FR2-1 allows the use non-data aided EVM without the risk of underestimation. The definition of i(v)as the “ideal signal reconstructed by the measurement equipment” in the 38.101-2 should be also applicable to UL 256QAM FR2-1 as it is the case for lower order UL modulations.

	R4-2305835
	Ericsson Limited
	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.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1 Minimum EIRP 
Sub-topic description:
Open issues and candidate options before meeting:
Issue 2-1: The minimum EIRP requirements for EVM test 
· Proposals
· Option 1: The minimum EIRP for UL 256 QAM for EVM test could be relaxed by 14 dB based on the difference between the  SNR of 256QAM (29.1dB) and the SNR of QPSK(15.1dB). (Xiaomi, ZTE, MTK, Vivo, Ericsson)
	
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

	Operating conditions
	
	Normal Conditions

	NOTE 1:	PTRS is configured for 256 QAM


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



· Recommended WF
· TBA
Discussions: 
Nokia: We are OK with Option 1. We can remove Option 3 from consideration.
LGE: We are also OK with Option 1.
Mediatek: we can accept Option 1 although we propose option 2.
ZTE: Support Option 1.
Apple: Support Option 2. For EVM, we proposed one dB scaling. Initially we proposed to use 1.2dB. The scaling does not consider impact of Tx chain.
Huawei: we echo comments from Apple. We also support Option 2 considering the phase noise and EVM requirements for high frequency bands. Considering the impact of noise floor, we support to have 1.2 dB scaling for the minimum EIRP.
Qualcomm: One possibility to introduce the capability depending on bandwidth. With that we can go with Option 1.
AT&T: tend to support Option 1 giving we prioritize PC1/5.. and deprioritize PC3.
Ericsson: Support Option 1 which is already captured by 3.5% EVM.


	Company
	Comments

	XXX
	Issue 2-1: 
….
Others:

	ZTE
	Issue 2-1: The minimum EIRP requirements for EVM test  
We think the scaling factor is not necessary at least the BW is less than or equal to 400MHz.
The main difference between option 1 and option 2 is the correction factor, as can be seen from the link budget from company that the NF of base station is relative conservative, so we think the additional correction factor is not necessary.

	Nokia
	Issue 2-1: 
Propose option 3, ok with option 1; for option 2, do not consider further relaxation is necessary and this would have negative impact on coexistence with adjacent systems.

	Vivo
	Issue 2-1
Option 1, it is noted that the EIRP range is limited for 256QAM, and the relaxation of minimum EIRP may further reduce the maximum allowed MPR value. 

	LGE
	Issue 2-1
Option 1 is OK for us, and we have similar view with vivo.

	Qualcomm
	Issue 2-1: Option 1

	Ericsson
	Issue 2-1: The minimum EIRP requirements for EVM test 
Option 1, as the phase noise and other impairments should have already been captured by the EVM.

	MediaTek
	Issue 2-1:
Propose Option 2. Ok with Option 1. 

	AT&T
	Issue 2-1:
As stated in the GTW, we support Option 1.

	Apple
	Issue 2-1: The minimum EIRP requirements for EVM test 
We support option 2. 
An alternative to using 1dB correction factor is to apply scaling for larger bandwidth. So, we are also fine with option 3.



Sub-topic 2-2 PTRS
Sub-topic description 
Open issues and candidate options before meeting:
Issue 2-2-1: the PTRS configuration for EVM test
· Proposals
· Option 1: Using a fixed PTRS configuration for all devices as the default configuration for the EVM test: (Nokia)
· (K = 2, L = 1) for CP-OFDM
· 

(,)=(8, 4) for DFT-s-OFDM
· The same EVM test requirement should be fulfilled if the PTRS configuration recommended by the UE is used for the EVM test.
· Not to add an additional MPR requirement with the UE recommended PTRS configuration.
· Option 2: Packaged with the phase noise profile of min(example1, example2): (Qualcomm)
· Adopt K=2, L=1 for CP-OFDM.
· Don’t specify PTRS for DFT-s-OFDM.
· Option 3: The fixed PTRS configuration is used in EVM test for all device: (Vivo, Xiaomi)
· For CP-OFDM, the configuration is KPTRS = 2, LPTRS =1
· For DFT-s-OFDM, the configuration is (, )=(4, 4), LPTRS =1
· If UE supports PTRS-DensityRecommendationSetUL and the recommended PTRS is not aligned with the fixed PTRS configuration, the EVM requirement relaxation is allowed, e.g., from 3.5% to 4.5%.
· Option 4: Using the default PTRS configuration (K = 2, L = 1) applicable to all UEs regardless of UE’s recommended PTRS configuration. (Ericsson, Xiaomi)
· Adding 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.
· [bookmark: OLE_LINK8]Option 5: PTRS configuration should be aligned with the UE’s recommended PTRS configuration. (IE PTRS-DensityRecommendationSetUL) (Apple)
· Option 6: RAN4 to evaluate and reach a common understanding on impacts on EVM by using PTRS processing for different phase noise profiles at first, and then continue to discuss PTRS configuration for EVM test. (MTK)
· Recommended WF
· TBA
Qualcomm: we propose not to configure PTRS for DFT-s-OFDM waveform.
Ericsson: we need more study before agreeing on removing PTRS from DFT-s-OFDM.
Nokia: Similar view. Even without PTRS, phase noise can be handled?
Qualcomm: what we find that there are some profile as example 2 that the EVM measured with PTRS is worse than without PTRS.
Nokia: it depends on phase noise profile. I needs wait for finalization of profile.
LGE: if UE wants to use PTRS, does network have to follow that configuration?
Moderator: Based on current simulation results, we really see the penalty with PTRS configuration for DFT-s-OFDM.

Issue 2-2-2: the PTRS configuration for MPR requirements
· Proposals
· Option 1: The following conditions apply prior to MPR estimation: (Qualcomm)
· Packaged with the phase noise profile of min(example1, example2), adopt 4 samples/group and 8 groups/OFDM symbol for DFT-s-OFDM for narrow allocations (20 RBs or narrower). 
· PTRS is not configured for DFT-s-OFDM for allocations wider than 20 RBs.
· RAN4 to agree on PTRS configuration strategy for very narrow allocations (<= 8RB)
· Option 2: 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)
· Adding 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 3: 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. (Nokia)
· The same requirements apply with the UE recommended set not the default.
· Recommended WF
· TBA

	Company
	Comments

	XXX
	Issue 2-2-1: 
Issue 2-2-2: 
….
Others:

	ZTE
	Issue 2-2-1: the PTRS configuration for EVM test
Option 4 is preferred to push the WI forward  

	Nokia 
	Issue 2-2-1:
Propose option 1; option 2 and 3 can be considered as UE recommended set; for option 4, do not consider relaxation is necessary using UE recommended set.
Issue 2-2-2: 
Propose option 3; option 1 can be considered as UE recommended set; for option 3, do not consider relaxation is necessary using UE recommended set.

	LGE
	Issue2-2-1
We are OK with option 2, but we need to discuss the phase noise profile further.
Issue2-2-2:
We do not prefer PTRS configuration for DFT-s-OFDM

	Qualcomm
	Issue 2-2-1:
Option 5 is our preference. Having multiple MPR requirements or delta MPR for different PTRS is impractical as an implementation design target. We are ok to compromise on adopting a one size fits all PTRS config for CP-OFDM. For DFT-s we are ok to adopt ‘no PTRS’ for all.  
Issue 2-2-2:
This should not be a distinct discussion from MPR above. See above.

	Ericsson
	Issue 2-2-1: the PTRS configuration for EVM test
Option 4 as proponents, where the additional requirement was proposed as a compromise, but we are also OK with Option 1. Regarding Option 2, as mentioned in Issue 1-1-2 it would be good if companies could demonstrate that min(example 1, example 2) phase noise profile is technically feasible. Removing PTRS for DFT-s-OFDM case should also be confirmed by additional analysis (simulation results) from other companies.
Issue 2-2-1: the PTRS configuration for MPR requirements
Option 2 as proponents, also OK with Option 3.

	MediaTek
	Issue 2-2-1:
Propose Option 6. Ok with Option 1. Share the similar view as Ericsson. Removing PTRS for DFT-s-OFDM case should be confirmed.

	Apple
	Issue 2-2-1: the PTRS configuration for EVM test
Preference is Option 5. The MediaTek proposal (Option 6) to capture more data before drawing a conclusion could be a good way forward as a final decision is not required at this stage.
Issue 2-2-1: the PTRS configuration for MPR requirements
Having unified PTRS configuration might simplify evaluation effort for MPR but companies should not be precluded to provide results with different set of density configuration.




Sub-topic 2-3 EVM measurement
Sub-topic description 
Open issues and candidate options before meeting:
Issue 2-3-1: EVM measurement
· Proposals
· Option 1: Test equipment vendor should provide further analysis on the necessity and the expected EVM measurement improvement with data aided EVM. (Noika)
· Option 2: EVM requirement for UL 256QAM FR2-1 allows the use non-data aided EVM without the risk of underestimation. The definition of i(v)as the “ideal signal reconstructed by the measurement equipment” in the 38.101-2 should be also applicable to UL 256QAM FR2-1 as it is the case for lower order UL modulations. (Anritsu)
· Recommended WF
· TBA

Discussions: 
Anritsu: we raised the issue due to misunderstanding. There is no risk. When we made the simulation without profile, it is good for uplink with 256QAM. 
Nokia: we do not need further consider it.
Chair: this issue can be closed.

	Company
	Comments

	XXX
	Issue 2-3-1: 
….
Others:

	Anritsu
	Issue 2-3-1: 
There is no risk of underestimation of the EVM with non-data aided EVM measurements based on the 3.5% EVM requirement.
Apologies, when Anritsu submitted “R4-2301147 - UL 256QAM and CPE compensation based on PTRS” at the #106 meeting, Anritsu had in mind that the phase profile in the 38.803 were agreed as good for UL 256QAM and the aim was to show the EVM achieved without and with PTRS based CPE correction.
Simulations in R4-2301147 (Anritsu) were showing bad EVM because there were based on the profiles in the 38.803, as it has been decided to be intransigent and admit as UL 256QAM bands only FR2-1 bands that can support a 3.5% EVM requirement for FR2-1 UL 256QAM as done for FR1 UL 256QAM, there is no risk of underestimation of the EVM with non-data aided EVM measurements as the received signal should be very close to the true signal. 
[image: ]

	Nokia
	Issue 2-3-1: 
No need to further consider data aided EVM, according to option 2.



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
Sub-topic#2-1
	
	Status summary 

	Issue 2-1 The minimum EIRP requirements for EVM test
	Majority companies support option1
Tentative agreements:
Down select from Option 1 and Option 2 in next meeting
Candidate options:
Option 1 and Option 2
Recommendations for 2nd round:
None


Sub-topic#2-2
	
	Status summary 

	Issue 2-2-1: the PTRS configuration for EVM test
	Tentative agreements:
None
Candidate options:
None
Recommendations for 2nd round:
None

	Issue 2-2-2: the PTRS configuration for MPR requirements
	Tentative agreements:
None
Candidate options:
None
Recommendations for 2nd round:
None


Sub-topic#2-3
	
	Status summary 

	Issue 2-3-1: EVM measurement
	Tentative agreements:
Closed this issue, and keep current basic EVM measurement in annex F.2 of TS 38.101-2.
Candidate options:
None
Recommendations for 2nd round:
None



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.

Topic #3: TP
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2305067
	Xiaomi
	TP to capture the system level simulation results from different companies, EVM budget for MPR evaluation and EVM test.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 3-1 TP
Sub-topic description:
Open issues and candidate options before meeting:
[bookmark: OLE_LINK9]Issue 3-1: Approved TP in R4-2305067 
· Proposals
· Option 1: Yes
· Option 2: Modification is needed
· Recommended WF
· TBA

	Company
	Comments

	XXX
	Issue 3-1: 
….
Others:

	Nokia
	Issue 3-1: 
Option 1.

	Xiaomi
	Issue 3-1: 
Option 1.



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #3-1
	Tentative agreements:
Approve the TP in R4-2305067
Candidate options:
None
Recommendations for 2nd round:
None




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”


Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.

Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.

Recommendations for Tdocs
4.1 1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on FR2-1 UL 256 QAM
	Xiaomi
	

	
	
	
	

	
	
	
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-23xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-2304119
	　
	Proposals on UE RF requirements for FR2-1 UL 256QAM
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2304327
	　
	On FR2 UL 256QAM
	Apple
	Noted
	

	R4-2304601
	　
	On enabling FR2 UL256QAM
	Qualcomm Incorporated
	Noted
	

	R4-2304634
	　
	MPR evaluation results for FR2-1 UL256QAM PC1 and PC2
	LG Electronics France
	Noted
	

	R4-2304689
	　
	Discussion on FR2-1 UL 256QAM
	ZTE Corporation
	Noted
	

	R4-2304699
	　
	Views on FR2-1 UL 256QAM
	MediaTek Korea Inc.
	Noted
	

	R4-2305067
	　
	TP for TR 38.891 on link level simulation results and system level simulation assumption for FR2 UL 256QAM
	Xiaomi
	Agreeable
	

	R4-2305068
	　
	Discussion on UL 256QAM
	Xiaomi
	Noted
	

	R4-2305093
	　
	Discussion on FR2 UL 256QAM
	vivo
	Noted
	

	R4-2305309
	　
	UE UL 256QAM
	Huawei, HiSilicon
	Noted
	

	R4-2305691
	　
	UL 256QAM, phase noise profiles and EVM testing
	Anritsu Limited
	Noted
	

	R4-2305745
	　
	Views on UL 256-QAM for FR2-1
	Sony
	Noted
	

	R4-2305835
	　
	Discussion on UL 256QAM UE RF requirements for FR2-1
	Ericsson Limited
	Noted
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

0. 2nd round 

	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-23xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-23xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-23xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
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For alt 3, although smallest phase noise can be achieved, the logic to minimize both example 1 and example 2 may

not be clear. As explained in TS38.803, example 1 is based upon measurements made on a prototype CMOS device,

with a larger PLL bandwidth, and example 2 is based on recent research on technology capabilities for UE and BS
where CMOS is considered for the UE and GaAs is considered for the BS, so a lower PLL bandwidth than example
1 can be assumed for example2. It is clearly that Example 2 distinguishes UE and BS while example 1 is the
common model for both UE and BS, from this perspective, the reasons for directly taking the minimum value of
both, min(Ex 1, Ex 2), are not very clear. Nevertheless, we still believe the lower phase noise can not only improve

the EVM performance, but also improve the MPR requirements.
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Parameters for 45 GHz PLL phase noise model
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fcBase = 29.55e9;

£z = [3e3 550e3 280e6];
fp = [1 1.6e6 30e6];
alphaz = [2.37 2.7 2.53];
alphap = [3.3 3.3 1];
PSDO = 32;
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Parameters for 39 GHz PLL phase noise model valid from 100 Hz and upwards
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