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Discussion
Scope
This WF covers MPR for Non-contiguous UL CA for 1LO architectures since 2LO architectures are already covered in last meeting way forward [6]. Both PC3 and PC2 are in scope.
Separate 1LO MPR was already agreed in [6] since the baseline 2LO architecture is the only one that can cover all separation class and gap sizes, and 1LO architectures are limited in bandwidth and gap bandwidths and suffers from higher MPR.

Topics in way forward
· Removal of In-gap exceptions for ACLR, image and carrier in R16/17
· Clarification of separation class and gap size: <200MHz with gap<aggregated BW
· Applicability of 1LO architecture to CA+UL MIMO 
· Signaling aspects 
· MPR values

Please use change marks but do not modify original text. Your comment can be captured in the tables provided below each WF text.
Skyworks: after the GTW on 9/11 the key question is whether:
· 1 LO architectures is not introduced at all
· 1 LO architecture is introduced for 1PA/1LO (1x23 for PC3, 1x26 for PC2) only
· 1 LO architecture is introduced for both 1PA/1LO (1x23 for PC3, 1x26 for PC2) and 2PA/1LO (23+23dBm for PC2)
· Related to UL MIMO being supported or not
This is further discussed in 1.5
In-gap exceptions and impairment assumption
As agreed in last meeting way forward [6], the assumption is that UE implementing NC ULCA have better carrier and image leakage than the baseline 28dB such that no in-gap ACLR or leakage are needed

Still to keep reasonable carrier and image leakage, the best in-gap SEM that can be targeted is -13dBm/MHz, this is the case only if gap BW < aggregated BW.

In [2] it was shown that the worst-case condition for carrier and image leakage is for: 
max (CC1BW, CC2BW) ≤ Gap BW ≤ sum (CC1BW, CC2BW).
Required carrier and image suppression need for different SEM levels were studied in [1] and is summarized in following table

	In-gap emission limit
	LO suppression requirement
	IQ image suppression requirement

	SEM -13 dBm/MHz
	37 dB
	32 dB

	SEM -25 dBm/MHz
	47 dB
	36 dB

	Spurious emissions -30 dBm/MHz
	52 dB
	42 dB



As can be seen only a SEM of -13dBm/MHz results in a reasonable carrier leakage and at -25dBm/MHz the required image rejection is already more stringent than for 256QAM. The different MPR studies were based on the following impairment levels.
Table 1: The leakage assumptions for -13dBm/MHz in 3 contributions
	Docs
	Carrier
	Image

	[1]
	> 37 dB
	> 32 dB

	[2]
	> 35 dB
	> 40 dB

	[3]
	> 35 dB absolute leakage power must be maintained throughout the power control range.
	> 35 dB maintained throughout the power range where relative ACLR value is valid (down to -50dBm ACL, i.e. -19dBm Pout)



Still with these assumptions it shown in [2] that specific in-gap cases requires additional MPR, this is also observed in [3]:
· LO leakage and TX image need to be -35dBc/-40dBc respectively for practical ACLR margin and in-gap emission margin. 
· For PC2, we show that to avoid any additional MPR due to in-gap emission, we need 10.5dB back-off.
· For PC3, we show that to avoid any additional MPR due to in-gap emission, we need 9dB back-off.
This is another reason to have a separate MPR since this MPR is only required for 1LO architectures.
Note that [1] proposes that 1LO architectures are not specified due to impairments needed and high MPR 
It should be noted that studied scenarios are not the same in the different documents.
One of the key reason to enable 1LO architectures is not for performance but rather the ability to support UL MIMO simultaneously and the fact that many band are <200MHz. if not enabled for UL MIMO the benefit of such architecture is questionable.

Way Forward:
· In-gap ACLR and carrier/image leakage exceptions are removed from 38.101-1 for Release 16 (CR provided in [5]) and 17 (is there a mirror CR?)
· SEM in gap is Max(SEM1,SEM2) and each CC ACLR applies in gap if gap>CC BW
· MPR for 1LO architecture is introduced in R17 to enable UL MIMO+CA but separate from 2LO MPR as even with improved impairments, there is need for additional MPR for in-gap issues and higher FW IMDs than 2LO architecture.

Please do not change the intial text, provide your comment in the table below

	Company
	comment

	Qualcomm (recopied)
	Reserved Cat.A CR for [5] is R4-2119499. Could we also discuss the dualPA proposal as the original issue was:
· Make rel-16 TS 38.101-1 specification transparent to dualPA capabilty
We still have not seen any proposals to use dualPA for any purpose in Rel16 specifications. And actually, rel-17 does not seem to use it for anything yet but maybe after some CRs are done. 

	Skyworks
	Even in R16 if a UE implements contiguous UL CA with two PA (one per CC) this is two LO case and it needs DualPA to signal LO positions.

	Huawei
	For R16 spec transparent to dualPA capability, we think that should be further discussed, now the applicability of different signaling to discriminate applicable requirements are still not very clear. Better to have more consideration and discussion. 

	
	



MPR for PC2 1LO architecture
Note that [1] proposes that 1LO architectures are not specified due to impairments needed and high MPR 
	PC2 -30dBm/MHz IMD3

	2LO MPR
Ma[dB]; B[MHz]
	1LO 1x26 [1]
	1LO 1x26 [2]
	1LO 1x26 [3]
	1LO 2x23 [3]

	15.5; B<0.72
	14.5; B≤1.44
	19.5; 0≤B<1.08
	18.5; B<0.72
	19.5; B<0.72

	15; 0.72≤B<1.44	
	15 - 0.361 B;	 1.44< B≤25
	19.0; 1.08≤B<2.16
	18; 0.72≤B<1.44	
	19; 0.72≤B<1.44	

	14; 1.44≤B<2.86
	6.45 - 0.0182 B; 25<B≤BWagg
	18.0; 2.16≤B<5.04
	17; 1.44≤B<2.86
	18; 1.44≤B<2.86

	12; 2.86≤B<5.76
	
	16.5; 5.04≤B<10.08
	15; 2.86≤B<5.76
	16; 2.86≤B<5.76

	10.5; 5.76≤B<10.8
	
	16.0; 10.08≤B<36
	13.5; 5.76≤B<10.8
	14.5; 5.76≤B<10.8

	9; 23.04≤B
	
	12.0; 36≤B<56.88
	
	

	
	
	10.5; 56.88≤B
	
	


	
		PC2 -13dBm/MHz IMD3 and -30dBm/MHz IMD5

	2LO MPR
Ma[dB]; B[MHz]
	1LO 1x26 [2]
	1LO 1x26 [3]
	1LO 2x23 [3]

	9; B<0.54
	13.0; B<1.08
	13; B<0.54
	14; B<0.54

	8; 0.54≤B <1.08
	12.0; 1.08≤B<2.16
	12; 0.54≤B <1.08
	13; 0.54≤B <1.08

	7; 1.08≤B <2.16
	11.5; 2.16≤B<3.24
	11; 1.08≤B <2.16
	12; 1.08≤B <2.16

	6.5; 2.16≤B <3.24
	11.0; 3.24≤B<5.04
	10.5; 2.16≤B <3.24
	11.5; 2.16≤B <3.24

	6; 3.24≤B <5.4
	9.5; 5.04≤B<10.08
	10; 3.24≤B <5.4
	11; 3.24≤B <5.4

	5.5; 5.4≤B<10.8
	8.5; 10.08≤B<36
	9.5; 5.4≤B<10.8
	10.5; 5.4≤B<10.8

	4; 10.8≤B
	[6.5]; 36≤B 
	
	



First it should be noted that all contributions are necessarily covering the exact same scenario and all allocations and only one contribution covers a 2x23dBm PA configuration and thus assesses the effect of RIMD and lower ACLR linearity of the PA and assess the additional MPR of 1dB. There is good correlation between [2] and [3] on additional 4dB MPR for narrow allocations of 1LO 1x26dBm versus 2LO baseline case. In [1] it is also noted that the MPR is significantly higher than the 2LO case to the point that it is proposed that 1LO architecture is not supported. The only benefit of 1LO architecture is then only the support of UL MIMO.

WF: 
· For 1LO architectures a specific MPR is introduced for UE declaring DualPA=0 and PC2 that is valid for TxD and UL MIMO
· DualPA=1 is used for already agreed 2LO MPR table in [6]
· If introduced, the same MPR is used for DualPA=0 implemented with 1LO and 1x26dBm PA and 2x23dBm PA by using tentative proposal based on [2] and [3]
· PC2 dualPA=0 1Lo MPR for -30dBm/MHz IMD3
	[19.5]; 0≤B<1.08

	[19.0]; 1.08≤B<2.16

	[18.0]; 2.16≤B<5.04

	[16.5]; 5.04≤B<10.08

	[16.0]; 10.08≤B<36

	[12.0]; 36≤B<56.88

	[10.5]; 56.88≤B


· PC2 dualPA=0 1Lo MPR for -13dBm/MHz IMD3
	[14.0]; B<1.08

	[12.0]; 1.08≤B<2.16

	[11.5]; 2.16≤B<3.24

	[11.0]; 3.24≤B<5.04

	[9.5]; 5.04≤B<10.08

	[8.5]; 10.08≤B<36

	[6.5]; 36≤B 


				 

Agreement:

Skyworks: please comment if this MPR should be introduced for 1x26dBm only or 2x23dBm also

Please do not change the intial text, provide your comment in the table below

	Company
	comment

	Huawei
	Not clear of the wording of “provided that UL MIMO is supported”, it seems contradict to the proposed WF in 1.5 and 1.6. Even without UL MIMO supported in the Rel-17, the WI still needs to complete the requirements for NC UL CA, though we agree that actually the requirements for NC CA are also applicable for NC CA + UL MIMO.

	Skyworks
	Will remove UL MIMO part which I missed in update after GTW.

	
	

	
	


MPR for PC3 1LO architecture
Only one company provided MPR input to PC3 1x23dBm 1LO architecture. In the table below the proposed values in [2] are compared to the 2LO architecture MPR agreed in R16.
	PC3 -30dBm/MHz IMD3
	PC3 -13dBm/MHz IMD3 and -30dBm/MHz IMD5

	2LO MPR
Ma[dB]; B[MHz]
	1LO 1x26 [2]
	2LO MPR
Ma[dB]; B[MHz]
	1LO 1x26 [2]

	15; B<1.08
	17.5; 0≤B<1.08
	9; B<0.54
	11.0; 0≤B<1.08

	14.5; 1.08≤B<2.16
	17.0; 1.08≤B<2.16
	8; 0.54≤B <1.08
	10.5; 1.08≤B<2.16

	13.5; 2.16≤B<3.24
	16.5; 2.16≤B<3.24
	7; 1.08≤B <2.16
	10.0; 2.16≤B<3.24

	12.5; 3.24≤B<5.04
	16; 3.24≤B<5.04
	6.5; 2.16≤B <3.24
	9.5; 3.24≤B<5.04

	11.5; 5.04≤B<10.08
	15.0; 5.04≤B<10.08
	5.5; 3.24≤B <5.4
	8.5; 5.04≤B<10.08

	10.5; 10.08≤B<16.38
	14.5; 10.08≤B<36
	4; 5.4≤B
	7.5; 10.08≤B<36

	10; 16.38≤B<21.78
	10.0; 36≤B<56.88
	
	[TBD]; 36≤B 

	9; 21.78≤B
	9.0; 56.88≤B
	
	



We observe that a similar 3-4dB higher MPR is found in PC3 than PC2, since this is similar we propose that we make the same time of adjustments to the values than done for PC2 and these are verified further at next meeting

WF: 
· For 1LO architectures a specific MPR is introduced for UE declaring DualPA=0 and PC3 that is valid for TxD and UL MIMO
· DualPA=1 is used for already agreed 2LO MPR table in [6]
· If introduced, below MPR is used for DualPA=0 implemented with 1LO and 1x23dBm PA by using tentative proposal based on [2] 
· PC2 dualPA=0 1Lo MPR for -30dBm/MHz IMD3
	17.5; 0≤B<1.08

	17.0; 1.08≤B<2.16

	16.5; 2.16≤B<3.24

	16; 3.24≤B<5.04

	15.0; 5.04≤B<10.08

	14.5; 10.08≤B<36

	10.0; 36≤B<56.88

	9.0; 56.88≤B


· PC2 dualPA=0 1Lo MPR for -13dBm/MHz IMD3
	11.0; 0≤B<1.08

	10.5; 1.08≤B<2.16

	10.0; 2.16≤B<3.24

	9.5; 3.24≤B<5.04

	8.5; 5.04≤B<10.08

	7.5; 10.08≤B<36

	[TBD]; 36≤B 


	
Please do not change the intial text, provide your comment in the table below

	Company
	comment

	Skyworks
	This case is for 1x23dBm PA only

	
	

	
	

	
	


Support of UL MIMO
The key reason to enable NC UL CA for 1LO architectures despite its BW, channel configuration and MPR limitations is the fact that they are the only way to support NC UL CA and UL MIMO simultaneously
· 2x23dBm requires TxD for 1Tx NC ULCA but can also support:
· UL MIMO for PC2 NC ULCA  ≤200MHz with gap ≤aggregated BW
· 2x26 dBm correspond to PC1.5 and can support:
· PC1.5 1CC
· PC2 NC ULCA >200MHz and ≤200MHz with gap>aggregated BW no UL MIMO
· PC2 NC ULCA  ≤200MHz with gap ≤aggregated BW with UL MIMO

As shown in [3] the later (2x26dBm) benefits from an intrinsic 3dB back-off with 31dB ACLR linearity and thus can reuse the PC2 2LO MPR.

GTW comments and tentative Agreement

Huawei/OPPO: focus on NC UL CA in Rel-17.
OPPO: why not consider 23+26dBm.
Qualcomm: NC UL CA + UL-MIMO should not be considered.
Skyworks: 1LO and 2LO are there no matter UL-MIMO will be considered or not. But 2LO is mainly for supporting UL-MIMO. Should we introduce 1LO requirements at all?
Huawei: 1L0 and 2LO are already there. We should consider them when discussing requirements. At the late stage for Rel-17 we can drop UL-MIMO at this moment rather consider NC UL-CA in Rel-17.

Tentative Agreement:
· Focus on NC UL CA without UL-MIMO case to finalize Rel-17 requirement.
· The defined MPR requirement shall be applicable to UL-MIMO with the same architecture, i.e., 2PA architecture, but do not need capture support of UL NC CA with UL-MIMO in the Rel-17 specification

· MPR requirement specific to 1LO will be introduced in Rel-17 even if the requirement specific to UL NC CA + UL-MIMO will not be introduced in Rel-17
· MPR requirement will be defined with 1LO+1PA 
· FFS for 1LO+2PA

Further WF after GTW

If focus is without UL MIMO case to finalize R17 there are the following consequences:
For PC3 is only supported with 1x23dBm and the only signaling is related to 1Lo/2LO and can be covered with DualPA=0 signaling
For PC2 26+26dBm is not discussed since it makes only sense for 
For PC2 there are different positions as to:
· Introducing 1LO architecture at all
· Only introduce 1x26dBm and then there is no need for signaling other than DualPA=0 to differentiate from 2LO cases
· Both 1x26dBm and 2x23dBm are introduced (these are the only two cases with data from one company for PC2)
· Some companies also want to enable 26+23 also (but then it should not signal TxD otherwise what is the point)
· Some companies want TxD to apply to all 2PA cases but if UL MIMO is not supported TxD is only there to be able to support PC2 NC UL CA and should be rexerved to 23+23dBm in R17

WF: 
· For PC3 1LO only 1x23dBm is supported
· For PC2 if 1LO architecture MPR is introduced:
· Alt1: only 1x26dBm is introduced
· Alt2: 1x26dBm and 2x23dBm is introduced and 23+23dBm need to support and signal TxD
· In R17 no other architecture are supported unless UL MIMO is supported and architectures are signaled independently from TxD (see 1.6)

Please do not change the intial text, provide your comment in the table below

	Company
	comment

	Huawei
	Ok with the WF. Based on the WF in last RAN4 meeting, 1x26 and 2x23 were already included in the 1LO architectures. 

	
	

	
	

	
	


Signalling aspects
As discussed in first paragraph, to distinguish between 1LO and 2LO architectures, the DualPA IE can be used. For UL MIMO, it is possible to distinguish 1LO architectures based on the need to support TxD or not. This discussion is still needed after GTW depending on agreements, future proofness and clarification on UL MIMO and SRS antenna switching behaviour for the different cases. This applies to 1CC and 2CC (contiguous and non contiguous 1LO) as they all have the same architecture options. Here is a table that is relevent for this discussion:
	architecture
	TxD
	1 layer MIMO (Rank 1)
	2 layer MIMO
(Rank 2)
	UL full power
	SRS antenna switching relaxation
	Signaling/case

	23+23
	Required for PC2 capability
	Yes incl full power with TxD
	Only without full power
	Only with TxD for 1 layer
	3dB
	full power PA=0

	26+23
	No/optional?
	Yes incl full power w/wo TxD
	Only without full power?
	w/without TxD for 1 layer
	None? depending on 1T2R or 2T2R?
	full power PA=1

	26+26
	No
	yes
	yes
	Yes
	0dB
	full power PA=all



The following WF had been revised in view of the status at GTW
Way Forward:
· 1LO architecture is signalled using DualPA IE=0 to signals that it only supports gap<aggregated BW and can only signal BW class <200MHz in R16/17 and the related 1LO MPR
· It is not precluded to use uplinkTxDC-TwoCarrierReport-r16 instead of dualPA-Architecture based on further study on signalling aspects
· PC2 1LO 2x23dBm needs to signal TxD and whether TxD signalling is restricted to this architecture is further studied.
· No other architectures (no 2x26 or 26+23dBm) are allowed in R17 if NC CA UL MIMO is not supported for NC UL CA.
· FFS introduction of dedicated architecture signalling to map MPR, UL MIMO and SRS antenna switching. This signalling can be used for any PC3/PC2 1CC/2CC features using 2Tx architectures.
· Reuse of existing signalling (TxD, DualPA, Full UL power, ModifiedMPR) is prioritized if it can differentiate the different architectures and their related 1Tx and 2Tx MPR and SRS antenna switching behavior.
· Introduction of additional signalling is not precluded.

Please do not change the intial text, provide your comment in the table below

	Company
	comment

	Nokia
	We are not sure if using dualPA-Architecture is suitable or not. It looks confusing since in some cases, the number of PAs and the signaling may not be consistent. Perhaps, uplinkTxDC-TwoCarrierReport-r16 may be more suitable for this purpose. Or if the purpose is just to find out more suitable MPR requirements, wouldn’t it be simpler to make UE signal modifiedMPR-Behaviour? Though we don’t think overuse of this capability for many different purposes is good but for this particular case, it would be OK if the purpose is only to identify the most suitable MPR requirements since it follows the original purpose of this signaling, though it is better to further check if there are any issues or not.

	Huawei
	Ok with the WF. For the signaling aspect, the existing signalings should be considered firstly and try to find a simple way to discriminate the applicable requirements. 

	Skyworks
	We will account of the comments in the final version and list more signaling options for study including existing and new ones.
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