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Introduction
This document summarizes the email discussion for agenda item 5.1.8 on maintenance of R17 NR FDD HPUE RF requirements.

Topic #1: A-MPR for NS_05 and NS_05U
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4- 2209181
	Huawei, HiSilicon
	Observation 1: The A-MPR requirements based on simulation results using fixed-bias PA models are over-optimistic for practical PA implementations employing APT or ET.
Proposal 1: Add 2 dB extra margin to the NS_05 PC2 A-MPR value A1 as shown below.
Table 6.2.3.4-12: A-MPR for NS_05 and NS_05U (Power Class 2)
	Modulation/Waveform
	A1 (dB)
	A2 (dB)
	A3 (dB)

	
	Outer/Inner
	Outer/Inner
	Outer
	Inner

	DFT-s-OFDM
	Pi/2 BPSK
	≤ [153]
	≤ 6
	≤ 6.5
	≤ 2

	
	QPSK
	≤ [153]
	≤ 6
	≤ 7
	≤ 2

	
	16 QAM
	≤ [153]
	≤ 6
	≤ 8.5
	≤ 2

	
	64 QAM
	≤ [154]
	≤ 6
	≤ 9
	≤ 2

	
	256 QAM
	≤ [15]
	≤ 6
	≤ 9.5
	

	CP-OFDM
	QPSK
	≤ [153]
	≤ 6
	≤ 10
	≤ 4

	
	16 QAM
	≤ [153]
	≤ 6
	≤ 10
	≤ 4

	
	64 QAM
	≤ [164]
	≤ 6
	≤ 10
	≤ 4

	
	256 QAM
	≤ [16]
	
	≤ 10
	

	NOTE 1:	Void
NOTE 2:	Void




	R4- 2209180
	Huawei, HiSilicon
	CR to TS38101-1 Update of PC2 A-MPR for NS_05.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 
Issue 1-1: Consideration on practical PA implementation for NS_05 A-MPR
Proposal: Add 2 dB extra margin to the NS_05 PC2 A-MPR value A1 as shown below.
Table 6.2.3.4-12: A-MPR for NS_05 and NS_05U (Power Class 2)
	Modulation/Waveform
	A1 (dB)
	A2 (dB)
	A3 (dB)

	
	Outer/Inner
	Outer/Inner
	Outer
	Inner

	DFT-s-OFDM
	Pi/2 BPSK
	≤ [153]
	≤ 6
	≤ 6.5
	≤ 2

	
	QPSK
	≤ [153]
	≤ 6
	≤ 7
	≤ 2

	
	16 QAM
	≤ [153]
	≤ 6
	≤ 8.5
	≤ 2

	
	64 QAM
	≤ [154]
	≤ 6
	≤ 9
	≤ 2

	
	256 QAM
	≤ [15]
	≤ 6
	≤ 9.5
	

	CP-OFDM
	QPSK
	≤ [153]
	≤ 6
	≤ 10
	≤ 4

	
	16 QAM
	≤ [153]
	≤ 6
	≤ 10
	≤ 4

	
	64 QAM
	≤ [164]
	≤ 6
	≤ 10
	≤ 4

	
	256 QAM
	≤ [16]
	
	≤ 10
	

	NOTE 1:	Void
NOTE 2:	Void




· Recommended WF
· TBA

Companies views’ collection for 1st round 
Open issues 
Sub topic 1-1 
	Company
	Comments

	Skyworks
	This first sets of comments is to share measurement data that we were not able to upload in due time prior to meeting start. We hope this may help the discussions for NS_05 A-MPR and PC2 operation.
We commented at previous meeting that the NS_05 A-MPR was agreed based on simulations that used fixed supply voltage. This approach may lead to optimistic estimations vs practical implementation when A-MPR becomes greater than 7-10dB. We have therefore evaluated the required PA raw back-off needed to pass NS_05 requirements using two power amplifier (PA) voltage supply levels (Vcc1, Vcc2) and the waveform 20 MHz channel bandwidth (CBW), SCS 15 kHz, QPSK, DFT-S-OFDM, Lcrb=100 RB at Rbstart= 0: 
· Vcc1 is selected to meet -31dBc ACLR at 1 dB PC2 MPR; 
· Vcc2 is selected to meet -37dBc ACLR at 11 dB PC2 MPR.
· Note this approach helps getting a better estimate than using only Vcc1, but it may not entirely reflect the case of a platform that uses, say APT look-up tables.
Post-PA losses are 4dB, input waveform impairments are -28dBc local oscillator leakage, -28dB image rejection, -60dBc C-IM3, -70dBc C-IM5. The raw PA back-off needed to pass NS_05 requirements for 20MHz CBW at Fc=1930 MHz are:
	RB length
	RB start
	PC3 back-off [dB]

	001
	000
	8.5

	002
	000
	8

	003
	000
	7.3

	005
	000
	6.8

	001
	027
	0

	001
	028
	0

	001
	029
	0

	001
	030
	0

	001
	105
	9.1

	050
	000
	12.1

	075
	000
	12

	100
	000
	12


Observation 1: 
The highest measured raw back-off is approximately 12.1dB for RB allocations 50R0,75R0 and 100R0, i.e. only 0.9 dB margin from the agreed [13] dB back-off. 

Observation 2:
For these allocations, the simulated results spread across a wide range: 13dB to 14dB in [R4- 2201834]; 6.5 to 7dB in [R4-2200444] and 11 to 12.5 dB in [R4-2204221]. 

Based on these observations, our intention was to discuss if A-MPR should be increased to ensure sufficient margin is provided.

The values proposed in R4- 2209181 would address the concern raised by these measurements.

	Qualcomm
	We disagree.  The proposed values don’t make much sense from a system perspective.  As one example, the existing PC3 A-MPR is 10 dB, the PC2 A-MPR is [13] dB and now proposed to be increased to 15 dB.  This means that the Tx power could actually be 2 dB lower for PC2 than it is for PC3?!?!  In our view, the A-MPR should be reduced, not increased, to be able to realize the system benefit of PC2.

	Meta
	We also have similar view with QC. The worst PC3 A-MPR is 10dB and so we expected that PC2 A-MPR is less than 13dB to keep the same UL coverage. But 15dB A-MPR is quite shrink the UL coverage even though consider HPUE. So RAN4 discuss the PC3 A-MPR firstly, then we can relax the A-MPR for PC2 A-MPR values.    

	Vivo
	We support the proposed value in R4- 2209181. For PC2, UE will use the same PA to cover all regions. A-MPR have 1~2dB improvement in all regions except A1,. 

	OPPO
	Support the proposal in R4-2209181, these are measurement values which is most practical. And similar findings also by other companies. If there is concern on the PC3 and PC2 comparison probably companies can provide data to stringent that one if there is too much room. But that doesn’t impact the discussion of PC2 here which is too tight for UE to meet.

	Huawei
	Generally speaking, PC2 should offer system benefit over PC3 because of higher maximum power. However, for certain RB allocations, the performance is gated by some absolute emission limits and higher power class UEs may not be able to transmit more power than lower power class UEs. For example, for the edge allocation (QPSK DFT-s-OFDM), PC1.5 MPR offers no gain over PC2, and PC2 may have only 0.5 dB gain over PC3 (MPR=3.5 vs MPR=1). 
In the case of AMPR for NS_05, the RB allocation in the A1 region are the closest to the PHS frequencies and hence mostly affected by the -41dBm/300kHz emission limit. It would be reasonable for PC2 to shown little/no gain over PC3.
Furthermore, our measurement data are based on APT PAs, which are optimized for power efficiency and current consumption. When transmitting with large power back-offs, the supply voltage is much reduced compared with transmitting at high power levels. Depending on the design and optimization, it’s not guaranteed that a PC2 PA would perform better than a PC3 PA when transmitting at same low power levels (such as 13 dBm). This is especially true for APT or ET PAs. Independent measurements from Skyworks have also confirmed our observations.
Regarding the concern over UL coverage, we don’t think the RB allocations in the A1 region would be used for maintaining the coverage, since the A-MPR is already 13dB.
As suggested by Meta, RAN4 might need to revisit the PC3 A-MPR for NS_05. We might be able to bring some PC3 results next time, but it would be for a different agenda item.
In summary, our proposal is to request some implementation margin for limited RB allocations (i.e. only A1 region), which are supported by several companies.

	China Unicom
	We are fine with the proposal as clarified with Skyworks’ measurement results and Huawei’s clarifications.

	Xiaomi
	We support the proposal especially considering the measurement results from Skyworks

	Skyworks
	[bookmark: _Hlk103243836]We can understand the concerns raised on increasing PC2 A1 region A-MPR allowing a PC2 UE to transmit at a lower power level than a PC3 UE. 
For A1 region measurement results, please note that:
· the measured 12dB required back-off is observed only for large Lcrb allocations (Lcrb>50),
· for Lcrb 1 to 5, the measurements indicate that the [13]dB A1 A-MPR provides ample margin.
One question to the group: 
· NS_05 is for the protection of PHS band services, i.e. it is specific to Japan. In Japan, PC2 operation is not allowed, so maybe we are raising concerns on both sides that may not need to be addressed after-all?

	Qualcomm
	We are not ready to accept a specification where the maximum output power for PC2 can actually be lower than for PC3, irrespective of what measurements may indicate.  It just doesn’t make sense from a system perspective.  If there is no interest in NS_05 for PC2, then we can consider removing the NS_05 requirement, but otherwise we do not agree with the proposed A-MPR values.

	Huawei
	We’re willing to continue discussions with interested companies and revise the CR if possible.




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

	R4- 2209180
	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.
	
	Status summary 

	Sub-topic #1
	1st round discussionTentative agreements: 6 companies are supportive or fine with the proposed changes in the CR. 2 companies think that the proposed values are not reasonable from system perspective, and the proponent company clarified that the change applies only for the A1 region.
 
Candidate options:
Recommendations for 2nd round: Further discuss whether the proposed values in the CR could be accepted by companies.




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  

	R4- 2209180XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “tTo be revised”



Discussion on 2nd round (if applicable)


Topic #2: Corrections on sensitivity degradation table
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2208685
	ZTE Corporation, China Unicom
	CR to TS38.101-1: Corrections on MSD for PC2 FDD band



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-1: Corrections on MSD for PC2 FDD band
· Proposals
For power class 2 UEs, certain degradation of the reference sensitivity in Table 7.3.2-1a is allowed. The maximum amount of degradation is specified in Table 7.3.2-1c, and in Table 7.3.2-1d for a UE that indicates txDiversity-r16 [15TS 38.306].
Table 7.3.2-1c Reference Sensitivity Degradation from PC3 to PC2 for FDD bands for UE not supporting Tx Diversity for FDD bands
	Operating Band
	5
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30 MHz (dB)
	35 MHz (dB)
	40
MHz
(dB)
	45 MHz (dB)
	50
MHz
(dB)

	n1
	0
	0
	0
	0
	0
	0
	-
	0
	0
	0

	n3
	0.5
	0.5
	0.5
	0.5
	0.6
	0.8
	1.1
	1.5
	2.3
	2.8



[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK5]Table 7.3.2-1d Reference Sensitivity Degradation from PC3 to PC2 for UE supporting Tx Diversity for FDD bands
	Operating Band
	5
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30 MHz (dB)
	35 MHz (dB)
	40
MHz
(dB)
	45 MHz (dB)
	50
MHz
(dB)

	n1
	0
	0
	0
	0
	0
	0
	-
	0
	0
	0

	n3
	1.4
	1.5
	1.5
	1.5
	1.6
	1.7
	2.8
	[5]
	[5.5]
	[6.0]

	NOTE 1:	Both of the transmitters shall be set min(+23 dBm, PCMAX_L,f,c) as defined in clause 6.2G.4




· Recommended WF
· TBA


Companies views’ collection for 1st round 
Open issues 
Sub topic 2-1 
	Company
	Comments

	Qualcomm
	The note is unclear.  Our understanding is that PCMAX_L,f,c represents the composite power of two transmitters when configured for TxD.  In that case, it doesn’t seem to make sense to limit the power of both transmitters individually to a value that is supposed to limit the sum.  

	ZTE
	To QC:
The note aims to describe the power configuration of each transmitters for a PC2 FDD UE supporting Tx diversity. Actually, the MSD values in the table were derived from the 23+23dBm, rather than others such as 26+26dBm, even 23+26dBm. 
Although PCMAX_L,f,c is for band, the power for each transmitter could not exceed PCMAX_L,f,c. 
The min(+23 dBm, PCMAX_L,f,c) means: PCMAX_L,f,c≥23dBm, then the min(+23 dBm, PCMAX_L,f,c) equals to 23dBm

Alternatively, a simple one like this:
NOTE 1: Both of the transmitters shall be set +23 dBm.
 

	Meta
	We support this modification. It is clear to understand with the revised NOTE 1 from ZTE since MSD shall be verified with maximum output power condition according to the Power class. 

	Vivo
	We support the proposed idea to clarify the table, and the revised note seems better. 

	Huawei
	We can understand the intention, but the proposed changes are not feasible.
Clause 6.2G.4 is for single band, hence the subscript “f” should be removed, i.e. P_CMAX.L,c. We also notice that this notation represents the total power from both antenna connectors, i.e. up to 26 dBm, which is not applicable for individual transmitters.
The alternative option doesn’t consider any MPR/AMPR etc. Hence it’s not feasible, either.

	Apple
	1. For Table 7.3.2-1c caption, there is no need to repeat “for FDD bands”. The change can be “Reference Sensitivity Degradation from PC3 to PC2 for FDD bands without supporting Tx diversity”.
2. The added NOTE 1 in Table 7.3.2-1d could be confusing as there is no separate power control for each Tx path. If the Tx output power condition needs to be specified, the note “The transmitter shall be set to PUMAX as defined in clause 6.2.4” as in NOTE 2 in Table 7.3.2-1a shall be sufficient.

	MediaTek
	We can understand the intention and think that modification is necessary.  We are still thinking these different modification.
Option 1: NOTE 1: Both of the transmitters shall be set +23 dBm.
Option 2: NOTE 1: The transmitter shall be set to PUMAX as defined in clause 6.2.4

	China Unicom
	We support to have the note to clarify the RF architecture.

	Xiaomi
	Our preference is the option 2 as mentioned from MTK and Apple.

	Nokia
	We have the same view with Qualcomm. We cannot differentiate PCMAX_L,f,c between two transmitters for the same band. Since network does not have a measure to control UE’s power per antenna connector for TxD, if we add this kind of option 1, it means that UEs shall always follow equal split of the total power into each Tx chain as implementation. And as Huawei mentioned, Option 1 prevents UE from using MPR or A-MPR during a test.


 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2208685
	Qualcomm:  We disagree according to the comment above.
ZTE:See above.

	
	Meta: Need to update the cover sheet. The Tdoc number R4-22xxxx was not removed in the cover sheet. Contents are fine to us.

	
	



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#1
	1st round discussion: Several companies shared different views on the proposed “note” in the CR.Tentative agreements:
Candidate options:

Recommendations for 2nd round: Further discuss whether the proposed (or updated) “note” in the CR could be accepted by companies.




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  

	R4-2208685XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “tTo 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”.



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

	
	WF on …
	YYY
	

	
	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	
	
	
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4- 2209180
	
	CR to TS38101-1 Update of PC2 A-MPR for NS_05
	Huawei, HiSilicon
	Revised
	

	R4-2208685
	
	CR to TS38.101-1 Corrections on MSD for PC2 FDD band
	ZTE Corporation, China Unicom
	Revised
	

	R4- 2209181
	
	Consideration on practical PA implementation for NS_05 A-MPR
	Huawei, HiSilicon
	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

2nd round 

	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-22xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-22xxxxx
	
	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
Annex 
Contact information
	Company
	Name
	Email address

	Skyworks Solutions Inc.
	Laurent Noel
	laurent.noel@skyworksinc.com

	Meta Ireland
	Suhwan Lim
	suhlim@fb.com

	Huawei
	Jin Wang
	jinwang@huawei.com

	Qualcomm Incorporated
	Gene Fong
	gfong@qti.qualcomm.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
