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Introduction
This document summarizes the email discussion for agenda item 7.34 on increasing the maximum output power for CA and DC.
Topic #1: Options for increasing MOP
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117052

	Nokia, Nokia Shanghai Bell
	UE RF requirements specific to the sum method


	R4-2117053

	Nokia, Nokia Shanghai Bell
	Feasibility of the sum method for increasing UE power high limit for CA/DC
Moderator note:  Withdrawn.  Revised to R4-2118726

	R4-2117751

	Xiaomi
	Discussion on increasing UE maximum power high limit

	R4-2117863


	MediaTek Inc.
	Further discussion on capability signaling for HPUE NR DC

	R4-2117864


	MediaTek Inc.
	Draft LS on signalling clarification of NR CA/DC power class in R17

	R4-2117988

	Apple
	UE maximum output power for inter-band UL CA

	R4-2118183

	ZTE Corporation
	Discussion on increase UE maximum power for NR uplink inter band CA

	R4-2118292

	vivo
	Discussion on the increasing UE power high limit for CA and DC

	R4-2118547

	Huawei,HiSilicon
	Discussion on Increasing UE power high limit for CA and DC

	R4-2118605

	Mediatek India Technology Pvt.
	Discussion on impact of increasing UE high limit for CA and DC

	R4-2118726

	Nokia, Nokia Shanghai Bell
	Feasibility of the sum method for increasing UE power high limit for CA/DC

	R4-2118888

	OPPO
	R17 Discussion on UE power class high limit

	R4-2119434

	Qualcomm Incorporated
	Increasing MOP for CA and DC

	R4-2119441

	Skyworks Solutions Inc.
	Handling of maximum output power limit for PC2 inter-band combinations



Open issues summary
Sub-topic 1-1 General framework
1. If increasing the MOP is enabled by specifications and is supported by the UE, should the higher MOP be mandatory (for example, both Pcmax_L and Pcmax_H increased) or as an allowance (for example, only Pcmax_H is increased)?
2. Is signaling to the network necessary (either as a capability or by signaling a PC or otherwise)?
3. Which PC configurations are in scope?  (PC5+PC5, PC5+PC3, PC3+PC3, PC3+PC2, PC2+PC2, PC2+PC1.5, PC1.5+PC1.5)
Sub-topic 1-2 Comparison of options
For the following options
1. The sum method:  For example, PPowerClass,CA is replaced with 10*log10∑ pPowerClass,c
2. A new conventional power class:  For example, define PC1.8 for 27.8 dBm max power
3. A conceptual power class (call it power class 0):  For example, remove requirements on composite power, each CC is treated independently.
4. CA/DC power class that also indicates the PA configuration for each carrier/cell:  For example, define PC0 as 26 dBm max total output power composed of 23 dBm + 23 dBm PA configuration.
Consider the following aspects
1. Are there any regulatory issues?
2. Are new MSD requirement needed?
3. Are the existing SAR mechanisms sufficient?  If not, what needs to be changed?
4. What is the impact to a UE that requires TxD for a single CC power class when it is configured for CA or DC?
5. What is the level of work required in RAN4?  (low, medium, high)
Companies views’ collection for 1st round 
Open issues 
Sub topic 1-1 General framework
	Company
	Comments

	Huawei
	Issue #1
Both approaches have pros and cons, however, we tend to support that both Pcmax_L and Pcmax_H should be increased.
If Pcmax_L remains the same and only Pcmax_H is increased, the range of Pcmax (for CA) is increased, but the UE is NOT required to deliver extra power. This approach is most flexible for UE implementations but the performance gain is not guaranteed.
On the other hand,  the max total power P_PowerClass,CA involves in the calculation of both Pcmax_L and Pcmax_H. If P_PowerClass,CA is increased, both Pcmax_L and Pcmax_H should increase. This guarantees that the UE is required to deliver the extra power, which is also beneficial for the network performance. We believe that this is low-hanging fruit for UE implementations, since it’s based on UE’s existing hardware capabilities. And it’s in line with the original intention, i.e., fully utilize the UE power ability in each tx chain.
Issue #2
Yes, signaling is needed. Actually it’s the key ingredient of our proposed solution, which is described in sub topic 1-2.
Issue #3
We believe the solution should be scalable. Hence all PC configurations are in scope.

	OPPO
	Question 1: If increasing the MOP is enabled by specifications and is supported by the UE, should the higher MOP be mandatory (for example, both Pcmax_L and Pcmax_H increased) or as an allowance (for example, only Pcmax_H is increased)?
[OPPO] It might depends on the solution, for example if same power class is kept for UE with and without increased power ability then probably lower limit needs to be kept and only higher limit can be improved.
Question 2: Is signaling to the network necessary (either as a capability or by signaling a PC or otherwise)?
[OPPO] It depends on how to increase max power higher limit, and how the signalling looks like. Most likely UE needs to indicate the higher power capability to NW.
Question 3: Which PC configurations are in scope?  (PC5+PC5, PC5+PC3, PC3+PC3, PC3+PC2, PC2+PC2, PC2+PC1.5, PC1.5+PC1.5)
[OPPO] The efforts is to find a solution can be applied to all PC combinations in principle, however, not clear the reason why PC5+PC5 UE doesn’t indicate PC3 directly, and PC3+PC3 doesn’t indicate PC2 directly, and PC2+PC2 doesn’t indicate PC1.5 directly, and there is no PC1.5+PC1.5 case. These shouldn’t be included. And the workload is also another aspect need to be considered, enable non typical PA configurations will lead to many different set of requirements no matter which method is used, therefore, sugest to restrict the variation of different PA configurations and only consider the most typical implementations when define 3GPP requirements.

	MediaTek 
	Issue 1: We share same view as OPPO. 
Issue 2: As indicated in R4-2118605, we think indication of new higher MOP capability could be needed irrespective of new UE capability or power class.
Further, no matter how to handle MOP of the combo, as we proposed in R4-2117863, A new power class signaling per band per combination is needed for HPUE NR CA/DC

Issue 3: At this stage, maybe PC5+PC3, PC3+PC2, PC2+PC1.5


	Xiaomi
	Issue #1: we slightly prefer only Pcmax_H is increased. 
Issue #2: Yes, the feature should be necessary as optional per band combination capability to signalling to network
Issue #3: some PC combinations have already covered by traditional CA power class approach. In order to harmonize with current CA power class, the soulution may be only applied the PC combination when 10*log10∑ pPowerClass,c>PPowerClass,CA  for specific band combination

	ZTE
	Issue #1: we slightly prefer only Pcmax_H is increased. 
Issue #2: Yes, whichever option is selected, a new signalling is needed since NW should know the higher power of UE.
Issue #3: The cases whose total sum of the power of each band are different with the current power class should be discussed, also the Tx chain number restrictions may also need to be considered. So PC5+PC5=PC3, PC3+PC3=PC2, PC1.5+PC1.5 power allocation may not need to be considered at this stage.

	Qualcomm
	Issue #1:  We prefer only Pcmax_H is increased.  As explained in R4-2119434, this results in significant simplification and reduction in specification work since MPR, A-MPR, MSD would generally not have to be revisited. 
Issue #2:  Signaling would be beneficial to inform the network
Issue #3:  We agree with the comments from ZTE, Xiaomi, MTK, and OPPO that we do not need to consider the combinations for which there are already defined power classes.

	Apple
	Issue #1: Only per-band Pcmax needs to be considered as the sum of the output power is of no importance since the CA power constraint is removed.
Issue #2: Two types of signaling are needed. One is the capability to maximize each band’s power ability to differentiate with the existing CA power class definition. The other is to indicate the per-band power class under CA if it is different from single band power class. This field is not required to be signaled if the per-band power class under CA is the same as single band power class.
Issue #3: In principle, all permutations of single-band power classes are applicable. But in Rel-17 we can focus on PC2+PC3, PC2+PC2, PC3+PC5, and PC2+PC5 as these are probable hardware implementation in Rel-17.

	Vivo
	Issue #1, we prefer only Pcmax_H increased. If both Pcmax_L and Pcmax_H increased, it seems no different with defining a new PC1.8, and also if the Pcmax_L is increased, MPR/AMPR, MSD all need to be re-evaluated.
Issue #2, an option signaling for the new Pcmax_H is needed, and also the legacy power class for CA is anyway needed to indicate the Pcmax_L.
Isssue #3, If only Pcmax_H increased, it may be no harm to include all typical PC combination. In this WI, we prefer to not limit on the power capability or number of Tx chains, try to form a generic solution.

	Nokia
	Pcmax_L and/or Pcmax_H
Both limits need to be increased. 
Signaling to the network
The signaling is definitely necessary since there are UEs with power class for inter band CA for PC2. If nothing is signaled, the UE’s power class is considered as PC3.
Power class
At least PC2+PC3 should be included. 

	Skyworks
	Issue#1: Per band PCmax should be sufficient. PCmaxL should not be increased as the default UE does not exceed the inter-band power class today.
Issue#2: a per band power capability in inter-band CA mode should be sufficient, and as suggested by Apple if not signaled the per band power class is assumed. But there may still be a need for another signaling which is whether the UE has peak power > inter-band PCmax as the default operation (used for MSD and duty cycle reporting) assume PC2 combined max power. Note that PC3+PC5 or PC3+PC3 with PC2 inter-band can’t exceed the PC2 max power anyhow. So the signaling is only needed for the cases where 26dBm+2dB can be exceeded which is for the cases where at least one of the band is PC2.
	B1 PC
	B2 PC
	max

	26
	26
	29.0

	26
	23
	27.8

	26
	20
	27.0

	23
	23
	26.0

	23
	20
	24.8



Issue#3 In our view the adopted PCmax method and signaling should apply to any combinations but for R17 we think it should restrict to max PC2 per band cases. PC3+PC5, PC3+PC3, PC3+PC2, PC2+PC5, PC2+PC2 (with PC2 inter-band power class).

	Verizon
	Issue #1:  This work should consider the solution which could be in significant simplification and reduction in specification works from what RAN4 have been done. 
Issue #2:  Signaling to network is ok as long as it would be beneficial to inform the network
Issue #3:  At least PC5+PC5, PC3+PC3, PC2+PC2, PC1.5+PC1.5 could not be part of this work.

	Huawei
	Would like to clarify the issues around P_CMAX_L and P_CMAX_H. Here’s the formula for inter-band CA:
[image: ]
It can be seen that if a 23dBm+26 dBm UE reports CA power of 26 dBm (PC2), the P_CMAX_L won’t increase. But if it reports CA power of 27.8 dBm, the P_CMAX_L will increase, which is the natural result of removing the CA power cap. This does not mean tighter requirements for UE, in other words, as long as the UE can Tx 23 and 26 dBm per band, it will meet the increased P_CMAX_L limit.
Some companies seems to think that per band P_CMAX is sufficient. However, there’s the requirement of P_EMAX_CA, which limits the total power per UE for potential regulatory compliance. Hence the above formula should not be abandoned.


 
Sub topic 1-2 Comparison of options
	Company
	Comments

	Huawei
	Option 4 was added upon our request. However, the moderator uses his own wording instead of the one we suggested. Unfortunately, the moderator’s wording does not describe our proposal accurately. As per the moderator’s response, please allow us to clarify our view below.
So the real option 4 is: Extend the CA power class signalling: signal the CA power configuration from which the max total power is derived. 
More explicitly, it’s proposed in our contribution that: A UE shall report both the PA configuration (i.e., PPowerClass, c for serving cell c) and the max total output power (i.e., PPowerClass,CA) for a given band combination. It is signaled via the powerClass parameter of the existing BandCombination IE using a newly defined mapping table.
We believe that by such a novel signaling design, both the ambiguity of per-band power class during CA and the increase of CA output power can be solved simultaneously. Also this approach is fundamentally different from conventional power classes. 

	Huawei
	We’d like to emphasize the necessity of reporting CA power configuration for UEs employing TxD. Failing this, the UE may not pass the conformance test for configured transmitted power.
For example, a UE equipped with 2x PC3 Pas may report PC2 on both band A and band B as well as PC2 for CA_A-B. As per current spec, the Test Equipment (TE) may assume P_PowerClass,a=26 dBm, P_PowerClass,b=26 dBm and P_PowerClass,CA=26 dBm. Ignoring P_EMAX, A-MPR, etc, the lower bound of the CA output power P_CMAX_L may be simplified to:



For most RB allocations, the MPR_PC2 will be < 3 dB. Hence P_CMAX_L becomes 26 dBm, and P_CMAX_H = 26 dBm. As a result, the P_CMAX requirement becomes too stringent for the UE since no MPR is allowed.
By contrast, if the UE reports the CA configuration PC3+PC3 to the TE/network, 23 dBm and PC3 MPR will be applied in the above calculation for P_CMAX_L (=min{26-MPR_PC3, 26}).
Note that the same problem exists for Ues using 2xPC2 Pas for PC1.5 and TxD is the only way to support PC1.5 up to R17.
In summary, our proposal is to report PPowerClass, c for each band/serving cell and the max total output power PPowerClass,CA (could be the sum of PPowerClass, c). But there’s no extra burden for the UE, since the UE still reports a single value via the powerClass parameter of the BandCombination IE. This value is an index to a mapping table which defines the CA power configuration and the max total power. In short, one stone two birds.


	OPPO
	The option 2 conventional power class is always the safe approach that can be fall back to if other more advance approach cannot be agreed.
The option 1 generally is ok in our view, but to solve the issue of TxD UE power capability difference in single band and in band combinations, a per band combination UE capability needs to be introduced to make it clear whether max power of this band combination can be summed from each band power class.
Besides, to enable the 23+26 PA configurations for PC2 a complete set of requirements should be defined, like the MPR/AMPR, MSD, etc. Just change the Pcmax higher limit might not be enough especially MPR since the MPR is defined according to 23+23 or 26+26 PA configurations.

	Xiaomi
	If no traditional CA/DC power class is introduced, a clarification on how to define MOP requirements should be needed. And If both Pcmax_L and Pcmax_H is increasing, the MSD for inter-band CA shall be evaluated according to our paper 7751.

	ZTE
	“The sum method” is our preference. We think introducing new power classes would cause PC fragments but with litter benefit. Instead, option 1 is more general which can be more flexible to capture all the cases.  For ‘A conceptual power class (call it power class 0)’, it may need to exclude some power allocation cases as discussed in issue #3 under Sub-topic 1-1, and it may unclear that the fallback ignalli between PC2 and PC0/PC3 when the duty cycle side conditions are not met.
For regulatory issues, in currently specification the Tx requirements such as MPR/A-MPR, SEM, spurious emission etc, are defined per uplink component carrier for inter-band CA. Therefore, per band requirement can also be applied for the UE with a new feature to increase UE maximum power high limit for NR uplink inter band CA. So there might no regulatory issues.
For the new MSD, we think it is needed due to the restriction of total power is lifted. Also we give initial evaluation result for the new MSD value for 23+26dBm power allocation in our paper 8183. 
For the SAR, we think the existing SAR mechanisms P-MPR and duty cycle are sufficient.  However, some texts/wordings might need to be corrected which are FFS for now.
In addition we think the work level is high considering RAN4 have already spent lots of meeting times to discuss it, and it may not proper to continue to discuss it in rel-18 due to the long break time period.

	MTK
	Regarding the aspect 4, (What is the impact to a UE that requires TxD for a single CC power class when it is configured for CA or DC) as our analysis in the R4-2117863, a new signaling would be needed as we proposed regardless how the UE MOP of the combo is reported.

	Qualcomm
	We are not aware of any regulatory impacts for any of these options.  In case of total power constraints, Pemax can be signaled by the network.  New MSD would be required in case Pcmax_L is elevated for example with a new power class.  If the sum method is used for Pcmax_H only, then new MSD is not needed.  SAR mechanism of P-MPR is always available and duty cycle allows the UE to signal among capability among a set of predefined values.  The inaccuracy of the duty cycle report does not justify creating new values to accommodate the increases in power proposed here.  For a UE that requires TxD in single carrier, if the Pcmax_L is not elevated, then there is no impact to this UE.  For example, the UE supports (23+23 TxD) on one carrier and 23 on the other carrier.  When aggregated since TxD is not available on the first carrier, then only 26 dBm CA total power is available instead of 27.8 dBm.  If the sum method only affects Pcmax_H, then there the TxD UE is still in compliance.  If there is a capability defined for increased power, the TxD UE would not signal it.  The new power class proposals or the enhanced power class proposal from Huawei would lead to a very large workload since these require new power class, new MPR, new MSD for many possible power class combinations.  The specification will become bloated with an excessive number of power classes, each possible PA configuration, and unique MPR, MSD specs for each of these.

	SoftBank
	Regarding the regulatory point of view, the current MOP requirements (defined by sum of powers in the bands) may be referred. If some options impact the current MOP requirements, the framework for prohibiting those new options in the network is needed. 

	Apple
	In our view, Option 1 and Option 3 are more similar approach. However, if the intent is to max out each band’s power ability, the sum of the power class for the combined Pcmax limit is just a redundant step. For inter-band UL CA/DC, if there is no constraint on the total power on UE side such that no power sharing is needed, then the network only needs to know Pcmax from each band. The combined Pcmax is essentially of no use to each network cell. From signaling aspect, both Option 1 and Option 3 need a capability signaling to differentiate with the conventional power class definition. Option 1 proposes a new IE which has no relation with power class. So it is not clear whether CA power class still needs to be signaled or not. If power class was not signaled, would the combination still be considered as PC3 (default)? Option 3 proposes a conceptual power class (such as power class 0) which is still within the power class definition. So there would not be confusion with the existing CA power classes. Power class 0 is not tied to a particular combined power value, instead it is used to indicate that all the UL requirements are per band based.   
Option 2 and Option 4 are basically the same approach as with the conventional inter-band CA power class definition. Option 4 proposes a new Rel-17 IE for CA power class. The numeric expression for each combined power rating may create confusion to the existing power class definition.
In addition to the new signaling to indicate the support of maximum output power from each band, all options (including the existing CA power classes) also need a new signaling for NR band power class under CA/DC (EN-DC already has such IE) as indicated in MediaTek’s contribution R4-2117863 and mentioned by several companies. It is to accommodate 2Tx implementation on single band which may fall back to 1Tx when operating under CA/DC. And in our view, this new IE field is only signaled when the NR band power class under CA/DC is different from its single band power class.
On the emission aspect, for inter-band UL CA/DC combinations, in most cases the bands are well isolated. Therefore, the interaction between the Pas (such as reversed IMD) have not been identified as a concern and no MPR/A-MPR for inter-band combinations were seen needed as commented by ZTE. On the other hand, the regulatory requirements have been defined as per-band based. That also implies the per-band based UL requirements as proposed in Option 3 bodes well as long as there is no total power constraint on the UE side.
Lastly, regarding the MSD due to 2UL transmissions, in our view, the requirements are meant to verify the PA linearity, filter isolation, as well as receiver linearity performance. These performance can already be verified by the PC3 and PC2 UL CA requirements. There is no need to further define separate MSD requirements with different UL CA power compositions other than PC2 and PC3. 

	Vivo
	Since most of regulation is per-band, when the MOP of single band compliant with the regulation, increasing the upper limit of CA with the sum should be OK.
Considering TxD for a single CC, if the power class of single band may downgrade from PC2 to PC3 after CA configuration because of no full-power PA, an optional signaling for increasing upper limit of MOP can fix it. For example, UE with PC2 in band A (23+23dBm PA implementation) and PC3 in band B, UE cannot reach 27.8dBm with maximum 2 Tx restriction for band A+B inter-band CA. In this case, UE can choose not to report the optional signaling, thus not supporting the sum method for this band combination. 

	Nokia
	Regulatory issues
The 3rd method has a problem since requirements to ensure the total power is capped by a certain limit are required. In addition, the UE with the 3rd approach cannot utilize p-UE-FR1 and p-NR-FR1.  If the 3rd approach was accepted, specifications would not need all the total power related requirements. 
MSD
It depends on proposed CA/DC band configurations. This issue is agnostic to the listed approaches.
Whether existing SAR mechanisms sufficient or not
We think so. But total duty cycle should be scaled according to the total power. This issue is agnostic to the listed approaches.
TxD relation
If UE’s power classes for respective bands within a band combination are different between those in signal band operation and  those in CA operation mode due to TxD, then, UE should report additional PCs of each band within an UL CA and that is understood to override any legacy (per-band) PC signalling that would limit the power.
PA configuration
PA configuration is not needed but the power class available in CA mode for each band is necessary. 
Level of work
The amount of work to complete this WI is not that much different among the listed options. But total amount of work in the future to introduce new Power configurations would be different.

	Skyworks
	In our view the best option is based on signaling we each band power capability in the inter-band combination case, then the corresponding maximum power is just a consequence and it not needed to signal explicitly. 
The main further aspect is how the duty cycle declaration should be understood in this case: i.e is the duty cycle related to the interbank power class declaration or the sum of the declared per band capability
For MSD although we are fine not to define an additional MSD for this, we must ensure that the RAN5 up power sequence does not result in a higher power than the inter-band power class so that REFSENS/MSD are not failed by UEs that can reach higher power.

	CHTTL
	We tend to share Softbank’s view that if some options impact the current MOP requirements, the framework for prohibiting those new options in the network is needed.

	Verizon
	This work should be in scope of current regulatory requirements. However, if there is any impact to the current requirements, new options should be considered.

	Ericsson
	Sub-topic 1-2: we propose option 2. No changes of the existing power-class signaling (38.306) nor changes of the configured power.
Consider the following aspects
1. Are there any regulatory issues?
No, if there are limitations in a region the cell-specific P-Max and corresponding for a band combination can be used (all UEs should be limited). 
2. Are new MSD requirement needed?
This should be governed by the power class indicated per band (if no indication the default applies)? Existence of MSD requirements is not a prerequisite for configuring a UE. Moreover, if the MSD is “large” for a lower power class of a band combination (BC) it is going to be “large” for the higher BC power class
3. Are the existing SAR mechanisms sufficient?  If not, what needs to be changed?
The “P-MPR method” can always be used. For duty-cycle reporting the corresponding power class/capability for which this applies can be indicated by the UE.
4. What is the impact to a UE that requires TxD for a single CC power class when it is configured for CA or DC?
The TxD-capable UE should still meet the advertised power class.
5. What is the level of work required in RAN4?  (low, medium, high)
Low (in the sense that changes are minimised). For Option 2 possibly limited to MSD for a higher-power band combination.
We are supportive of a higher BC power class but within the existing framework. 
The existing field for BC (note highlight)
powerClass, powerClass-v1610
Indicates power class the UE supports when operating according to this band combination. If the field is absent, the UE supports the default power class. If this power class is higher than the power class that the UE supports on the individual bands of this band combination (ue-PowerClass in BandNR), the latter determines maximum TX power available in each band. The UE sets the power class parameter only in band combinations that are applicable as specified in TS 38.101-1 [2] and TS 38.101-3 [4]. This capability is not applicable to IAB-MT.


	Huawei
	Our proposed solution and the conceptual power class method belong to the same category of the sum method, which can be viewed as variants of the sum method. All of them aim to modify the P_CMAX formula for inter-band CA, and none of them have the burden of conventional power classes, such as MPR, power tolerance, etc.
For simplicity, let’s call our proposal the Lookup Table (LUT) method. It’s proposed to define a LUT in the RAN4 spec, and each row of the table contains the configuration of per-band power class, max total power for CA and maybe other info TBD. The exact format could be FFS, but an example table is shown below.
	Index
	Per-band Configuration
PPowerClass, c
	Total Output Power PPowerClass,CA (dBm)

	0
	23dBm + 23dBm
	26

	1
	23dBm + 26dBm
	26

	2
	23dBm + 26dBm
	27.8

	…
	…
	…



The value to be signaled to the network is the index of the table entry. In this way, the network/TE will know both the per-band power class as well as the total CA power which may or may not be increased.
Below is a comparison between the LUT-method, the Sum-method and the conceptual power class method (called PC0-method).
	
	LUT-method
	Sum-method
	PC0-method

	P_CMAX_L
	may be increased, subject to signaling
	may be increased, subject to signaling
	same as PC2

	P_CMAX_H
	may be increased, subject to signaling
	may be increased, subject to signaling
	may be increased, subject to signaling

	Report Per-band Power class for CA
	Yes
	No
	No

	Signaling Overhead
	Reuse existing CA power class IE
	conventional CA power class signaling +
new UE capability fullPowerUL-CA
	conventional PC2/PC3 signaling for P_CMAX_L + new PC0 signaling for P_CMAX_H

	MSD impact
	can reuse existing PC2 requirements
	can reuse existing PC2 requirements
	can reuse existing PC2 requirements






	DOCOMO
	Are there any regulatory issues?
We would like to further discuss the necessity of IE indication from NW to UE so that we can prohibit UE enabling this feature of increasing MOP under NW not indicating the said IE, which may be captured in an example of required changes for configured output power described in R4-2117052, while this issue may be addressed by P-max.


 

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 
Sub-topic 1-1 General framework
To enable increased maximum output power, it is clear that Pcmax_H should be increased.  However, both views were expressed on whether Pcmax_L should also be increased.  It was generally understood that increasing Pcmax_L may have implication to MPR/A-MPR/MSD.
All companies believe it would be beneficial or necessary to signal to the network.  The details of signaling still need to be resolved.
Most companies believed that the scope could be limited to PC5+PC3, PC3+PC2, and PC2+PC1.5 for Rel-17.
Sub-topic 1-2 Comparison of options
Except for one company, all other companies did not state a strong preference or preferred not to define a new conventional power class.  Many companies preferred the option 1 ”sum method”, while the proponent of option 3 ”conceptual power class” noted its similarity to option 1 and the proponent of option 4 ”LUT method” also categorized it as a variant of the sum method.
The following views on specific points were expressed
Regulatory:  In general, regulatory requirements are per band so there are not expected to be any issues.  However, in some countries there may be regulatory limits on total power.  So, the Pemax_CA (or equivalent mechanism) needs to be in place to limit total power.
MSD:  Three options are available
	1. Pcmax_L is not increased, therefore, existing MSD can still apply
	2. Pcmax_L is increased, new MSD needs to be evaluated
	3. MSD is not needed for the higher power configuration, since the linearity is already verified at a lower power setpoint

SAR:  Existing mechanisms of P-MPR and duty cycle reporting are sufficient.  Some wording change may be needed.
TxD UE:  Two options are available
	1. Since signaling is available, then the TxD UE would not signal the "increased power"
	2. Extend signaling (for example, LUT method).  
Moderator note: the example problem that Huawei brings up in round 1 discussion is not related to increasing power.  That same problem exists even for PC2 today, so it should be treated generally, not as part of this work item.
Level of work:  If Pcmax_L is not increased, the work load is small.  But if Pcmax_L is increased, then there may be considerable work for MPR/A-MPR/MSD.
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
	Tentative agreements:
Signaling is needed
Scope is limited to PC5+PC3, PC3+PC2, and PC2+PC1.5 for Rel-17 where the inter-band CA/DC power class is nominally PC3, PC2, and PC1.5, respectively.  Scalability for future configurations should be considered.
The “sum method” or some variant of it shall be pursued.  New power classes using the conventional power class is not agreed.
Regulatory:  In general, regulatory requirements are per band so there are not expected to be any issues.  However, in some countries there may be regulatory limits on total power.  So, the Pemax_CA (or equivalent mechanism) needs to be in place to limit total power.
SAR:  Existing mechanisms of P-MPR and duty cycle reporting are sufficient.  Some wording change may be needed.
Candidate options:
Pcmax_L:  Three options are available
1. Pcmax_L is not increased and MPR/A-MPR/MSD can still apply
2. Pcmax_L is not increased, but need to re-evaluate MPR/A-MPR/MSD
3. Pcmax_L is increased and need to re-evaluate MPR/A-MPR/MSD

MSD:  Three options are available
	1. Pcmax_L is not increased, therefore, existing MSD can still apply
	2. Pcmax_L is increased, new MSD needs to be evaluated
	3. MSD is not needed for the higher power configuration, since the linearity is already verified at a lower power setpoint

TxD UE:  Two options are available
	1. Since signaling is available, then the TxD UE would not signal the "increased power"
	2. Extend signaling (for example, LUT method).  

Recommendations for 2nd round:
Capture agreements in a WF.  Discuss and resolve issues and candidate options listed above.




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)

	Company
	Comments

	XXX
	Pcmax_L:
MSD:
TxD UE: 

	Qualcomm
	Draft WF has been uploaded
https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_101-e/Inbox/Drafts/%5B101-e%5D%5B116%5D%20NR_Power_Limit_CA_DC/Round%202/R4-212xxxx%20WF%20on%20increased%20MOP%20for%20CADC.docx
Pcmax_L:  We prefer option 1 to not increase Pcmax_L.  The original proposal was to enable the existing hardware on the device which would be accomplished by raising Pcmax_H.  It is understood that not all devices could necessarily do this (SAR, etc) so leaving Pcmax_L was proposed.  Moreover, leaving Pcmax_L saves considerable RAN4 work since MPR/A-MPR/MSD would not have to be re-specified.
MSD:  As explained above and in R4-2119434, if Pcmax_L is not raised, then the MSD would not need to be re-specified since the MSD is tested with the transmit power set no higher than Pcmax_L.  Furthermore, as commented by Apple the fundamental linearity of the receiver is already tested by the existing requirements so addition of another test point does not add much value.
TxD UE:  Option 1, TxD UE is already accommodated since the increased power is not mandatory.  If the architecture of the UE doesn’t allow higher MOP, it is not required.  The additional “LUT-method” signaling is a general issue that is not related to increasing MOP, so can and should be discussed more generally outside of the scope of this WI.

	Skyworks
	For PC3+PC5: we think it is important to understand that PCmaxH is not increased if UE declares PC2 interband, it is the case only if UE declares PC3 interband.
To maintain the fact that this increased power is optional and limit the effort in RAN4 we support:
Pcmax_L: Option 1
MSD: Option 1, still it may be needed to clarify in the spec that higher MSD may be seen for UE with increased max power and we also need to make sure the RAN5 test is done without the additional power.
TxD UE: I guess it should be clear that this issue only raises if UE cannot support TxD in the inter-band CA configuration.

	Apple
	Thanks to Qualcomm for preparing the WF. We have a few comments:
1. On the scope for power compositions, we propose to limit to PC3+PC5, PC2+PC3, PC2+PC2, and if necessary, PC2+PC5 as these configurations are more probably UE implementations in Rel-17. For PC2+PC1.5, the band with PC1.5 in a CA or DC may fall back to PC2 which would end up with the same as with PC2+PC2.
2. On the regulatory requirements side, can anyone share what are the countries which would limit the UE total power and also the background why PEMAX,CA was introduced for NR UL CA? In LTE, inter-band UL CA has been introduced since Rel-12 almost 10 years ago. There has not been PEMAX,CA defined in configured transmitted power for CA as shown below,
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If there would be any concern on the regulation for UE total power, it should have been considered in LTE and FR1+FR2 as well. On the other hand, the UE may also have simultaneous operation between different RATs, such as NR+WiFi, Would there be any concern on the total power?
3. For PCMAX_L, if the requirements are defined as per-band based, there would not be any confusion on whether the lower limit should be changed or not.
4. For MSD, we think the existing test configurations for PC2 or PC3 can be reused.
5. For TxD UE, if the power class in a band combination needs to fall back to PC2 from PC1.5 or PC3 from PC2, then additional signaling is needed.

	Verizon
	Pcmax_L: Option 1
MSD: Option 1
TxD UE: Option 1

	Nokia
	Pcmax_L: Neither. It depends on if still “nominal” PC for uplink CA is siganlled or not. “nominal” means here that the PC is the reported one but the UE is allowed to transmit more than the PC up to the sum. Or if the “nominal” is not signalled anymore and the UE is allowed to transmit up to the sum. The former means the basis of the power class as UL CA is still the reported PC while the latter means the basis of the power class as UL CA is the sum from the beginning. In terms of workload, we understand comments from companies like Qualcomm. But we think that we need to agree with something fundamental in terms of “nominal” PC for UL CA handling. As far as we see, the original draft WF, it seems QC’s assumption is that the UE still signals PC for uplink CA which is lower than the sum. If this is a common understanding with the others should be confirmed after discussion on pros/cons.
MSD: Neither.
As commented in Pcmax_L, it depends. If the “nominal” PC for UL CA is still signalled, maybe option 1 since this is a kind of nice to have feature if possible. But if the “nominal” is not signalled anymore, the sum is a kind of replacement of the conventional PC, then, revaluation is necessary. But perhaps, if the evaluation may not be required to be so precise if the original MSD is too big even in PC3 or PC2. 
TxD UE: Neither. Normally, extension is not necessary but in case UE’s Power class per band within a UL CA is different from the power class in single operation mode and the power class in UL CA mode, it may be needed if there is any other alternative. Hence, this is not always necessary. But the extension gives some more flexibility if there is any other ways to know the actual power class in CA mode with the conventional signalling. 

	Xiaomi
	Pcmax_L: Option 1
MSD: if option 1 is used, it should be ensured that the transmitters power when testing shall be not higher than that defined in current spec for PC2 or PC3.
TxD UE: As simply summing of per band power class would be problematic when one band supporting TXD, we are fine with option 1 that the increased power feature is not considered for inter-band CA/DC with one band supporting TxD.

	OPPO
	Pcmax_L: Option 1
MSD: Option 1
TxD UE: Option 2. To accommodate TxD UE in this improved high power.

	Vivo
	On the scope for power compositions, we support to include to PC3+PC5, PC2+PC3, PC2+PC2.
Pcmax_L: Option 1.
MSD: Option 1, it should make sure the RAN5 test is done without the additional power, because of increasing Pcmax_H.
 TxD UE: Option 1.

	AT&T
	Pcmax_L: Option 1
MSD: Option 1
TxD UE: Option 1

	Huawei
	Pcmax_L:
Option 4: Pcmax_L is increased and no need to re-evaluate MPR/A-MPR/MSD.
MPR and A-MPR are for single band operations, the Tx power per-band is not increased when Pcmax_L is increased. Hence there’s no need to re-evaluate MPR/A-MPR. MSD will be discussed in the 2nd bullet. 
The increase of Pcmax_L is the natural result after the artificial cap on the total CA power is lifted. There’re two major problems if Pcmax_L is unchanged.
1) Any existing UEs can claim the new capability of increased power without failing the configured Tx power tests, simply because the lower limit Pcmax_L remains low. This would make the new capability meaningless.
2) As Nokia pointed out, a UE probably still have to report the nominal power class such as PC2 for 23+26 in order to keep Pcmax_L unchanged; in the meantime signal the new capability e.g. PC0 to increase Pcmax_H. These mixed signaling would be quite confusing.
MSD: Option 3
Two facts:
1) MSD will increase as long as the Tx power is increased, regardless of which solutions we use
2) In the current MSD tests, the Tx power is min{23, Pcmax_L,f,c} for PC2 and min{20, Pcmax_L,f,c} for PC3.  The Pcmax_L,f,c here is per-band low limit, not the low limit for total power Pcmax_L. The per-band low limit (Pcmax_L,f,c) has never been changed. 
Since the increased total power is based on existing hardware (PAs, duplexers, etc), the existing PC2/PC3 MSD tests can be reused, as long as the per-band power classes do not exceed PC2.
TxD: Option 2
1) TxD is a widely used feature and is the only way to implement PC1.5 so far. Hence TxD UE should be included in the WI.
2) In all proposed solutions, the new power limit is the sum of the per-band power class. Hence all solutions depend on the correct information about per-band power class when CA is configured.
3) In the TxD thread [123], there have been intensive discussions about which PC2 MPR applies for 23+26 PA configuration. Such UEs may report PC2 on both band A and band B, but can only deliver 23+26 or 26+23 for CA_A-B. It’s crucial for such UEs to report the correct PA configuration for CA.


	Ericsson
	We disagree with discarding the conventional power class at this stage before assessing the impact of other proposals requiring new signaling and with potential backwards-compatibility issues with legacy behavior and signaling. Moreover, there are relations between the configured power per carrier/band and the total configured power that depend on the band combinations that require consideration. 


	SoftBank
	To Apple:
Regarding your comment 2, at least Japan limits the MOP using the total power for FR1+FR1. 

	ZTE
	We think the MSD would be needed to be revaluated.

	MediaTek
	MSD:
None of the options. We share similar view as Huawei’ sub-bullet 1 about increased MSD. On top of that, only new increased MSD values for 2UL IMD is necessary due to increased aggressors’ MOP values. We think new MSD due to other mechanisms are unnecessary since single carrier output power of aggressor does not change. 

TxD:
Option 2. We have similar view with Apple and Huawei that for TxD UE, solutions about per-band power class when CA/DC is configured would be needed. We prefer per-band power class per combination signaling rather than LUT method signaling since such IE might be easier for gNB to identify UE capability.

	DOCOMO
	Regulatory: We agree with moderator’s suggestion.
Japanese regulatory specify maximum total power limit for FR1+FR1 case, as SoftBank said.
Pemax_CA (or equivalent mechanism) needs to be in place to limit total power. If we don’t have it, we have no choice but to set Pemax in each CCs (e.g. 20dBm if 2CCs) so that total power will not exceed 23dBm, but we would like to avoid such setting.

	Qualcomm
	The way forward has been updated to v2.  
The agreement from Nov 10 GTW has been captured.  Agreements vs. topics still under discussion are more clearly separated.  Scope is moved to topic under discussion since there didn’t seem to be agreement.  Other agreements (signaling, SAR, regulatory) seemed ok because there were no concerns raised so far that haven’t been clarified.  I also added an agreement that so far, no RAN1 impact has been identified since this was a question that was brought up during the discussion at RAN.  No contributions indicated any RAN1 impact, nor did any of the discussions.
https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_101-e/Inbox/Drafts/%5B101-e%5D%5B116%5D%20NR_Power_Limit_CA_DC/Round%202/R4-212xxxx%20WF%20on%20increased%20MOP%20for%20CADC_v2.docx



Summary for 2nd round 
During the GTW of Nov 10, the following agreement was reached
· The “sum method” or some variant of it shall be considered and focused on in the study phase 
The outcome of the other moderator recommendations from Round 1 are as follows.

“Signaling is needed” – there was no disagreement in the second round, so this is agreeable.
“Scope is limited to PC5+PC3, PC3+PC2, and PC2+PC1.5 …” – there were differing views.  Some companies wanted to include also PC2+PC2, one company wanted to exclude PC2+PC1.5, and one company also wanted to include PC3+PC5 and PC2+PC3 (is there a significance to the ordering?  Is PCx+PCy different from PCy+PCx?).  This bullet needs further discussion.
“Regulatory … the Pemax_CA (or equivalent mechanism) needs to be in place to limit total power” – one company questioned whether there are any such regulations and therefore whether this mechanism is needed.  It was responded that at least in Japan, there are such regulations.  Since the question was answered affirmatively, the recommendation is agreeable. 
“SAR:  Existing mechanisms of P-MPR and duty cycle reporting are sufficient.  Some wording change may be needed.” – there was no disagreement in the second round, so this is agreeable.
For the other points on Pcmax_L, MSD, and the impact to TxD UE, there was no consensus and further discussion is needed.
The moderator recommends to capture the agreeable points in a WF and to provide guidance if possible for future discussions to resolve remaining issues.Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on increasing MOP for CA/DC
	Qualcomm Incorporated
	

	
	
	

	
	
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-210xxxx
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-2117052

	UE RF requirements specific to the sum method
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2117053

	Feasibility of the sum method for increasing UE power high limit for CA/DC
	Nokia, Nokia Shanghai Bell
	Withdrawn.  Revised to R4-2118726.
	

	R4-2117751

	Discussion on increasing UE maximum power high limit
	Xiaomi
	Noted
	

	R4-2117863


	Further discussion on capability signaling for HPUE NR DC
	MediaTek Inc.
	Noted
	

	R4-2117864


	Draft LS on signalling clarification of NR CA/DC power class in R17
	MediaTek Inc.
	Noted
	

	R4-2117988

	UE maximum output power for inter-band UL CA
	Apple
	Noted
	

	R4-2118183

	Discussion on increase UE maximum power for NR uplink inter band CA
	ZTE Corporation
	Noted
	

	R4-2118292

	Discussion on the increasing UE power high limit for CA and DC
	vivo
	Noted
	

	R4-2118547

	Discussion on Increasing UE power high limit for CA and DC
	Huawei,HiSilicon
	Noted
	

	R4-2118605

	Discussion on impact of increasing UE high limit for CA and DC
	Mediatek India Technology Pvt.
	Noted
	

	R4-2118726

	Feasibility of the sum method for increasing UE power high limit for CA/DC
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2118888

	R17 Discussion on UE power class high limit
	OPPO
	Noted
	

	R4-2119434

	Increasing MOP for CA and DC
	Qualcomm Incorporated
	Noted
	

	R4-2119441

	Handling of maximum output power limit for PC2 inter-band combinations
	Skyworks Solutions Inc.
	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
	Title
	Source
	Recommendation  
	Comments

	R4-2119945
	WF on increasing MOP for CA/DC
	Qualcomm Incorporated
	Agreeable
	



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

	Apple
	James Wang
	fucheng_wang@apple.com

	Vivo
	Ziqi Liu
	liuziqi@vivo.com

	Ericsson (‘Ericsson2’)
	Christian Bergljung
	Christian.Bergljung@ericsson.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)
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