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1	Introduction
In RAN #93e meeting, A new WID [1] was approved for increasing UE power high limit for CA and DC, in which the objectives are: 
The objectives of the core part are as follows:
1) Consider the two options and study the feasibility and impacts for option 1.
· Option 1: Improvement on power high limit
· Allow UE to transmit the sum of the individual rated PA power classes by lifting the restriction from the Power Class for UL inter band CA or DC, i.e., PPowerClass,CA is replaced with 10*log10∑ pPowerClass,c
· Option 2: Definition of a new power class for CA and DC
· Introduce new power classes with necessary requirements
· To respect the previous RAN4 agreement, option 1 and option 2 are prioritized, and other option is not precluded if it is justified.
2) If the consensus for 1) is option 1, then specify higher maximum output power for dual PA equipped UE’s for CA and DC
· Replace the power class with sum or modified sum in PCMAX_H in CA/DC
· All associated core requirements are also to be specified
· SAR mechanisms are modified, if needed, to allow for higher transmit power
· Example combination as CA_n1A-n78A (23dBm+26dBm) is considered when specifying the band-combination specific core requirements.
3) The target scenario is inter-band CA and inter-band DC
Actually, this issue have already been discussed without a specific WID in RAN4 for a long time, but no final agreements were achieved, instead two options are down-selected, which are:
Option 1: Remove PPowerClass constraint from PCMAX_H
Option 2: Replace PPowerClass  with sum or modified sum in both PCMAX_H and PCMAX_L 
Option 2a: Define a new power class where the requirements are based on per-band power capability (no need to further define separate MSD requirements)
Option 3: Define a new power class per band-combination
Option 4: Consider power boosting approach
Agreement: Down-select to Option 2 and Option 3
It can been seen the options 1/2 in the objectives are quite aligned with the options 2/3 in the RAN4’s agreements, but which option is agreed is still open.
In last RAN4 101-e meeting, some of the issues were discussing including the above options, impact on the RF requirements, MSD etc. The agreements were achieved in [2]:
· Signaling is needed.  The details of signaling are still FFS.
· The “sum method” or some variant of it shall be considered and focused on in the study phase 
· 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.
· No impact to RAN1 has been identified so far
Still there were some open issues were listed,which are:
· The 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.
· PCMAX_L:
· MSD:
· TxD UE: 
In this paper, we provide some further discussions on these open issues.
2	Discussion
PCMAX_L,f,c
One of the controversial issue was whether or not the increasing of PCMAX_L,f,c  should be considered. Regarding the purpose of this WID, it aims to improvement on power high limit by lifting the artificial restriction from the Power Class for UL inter band CA or DC, for example allow a PC2 PA to work at its really transmit output power@antenna connector, i.e. 26dBm rather than 23dBm, for a PC2 UL inter-band CA or DC band combination with the power configuration of 23+26dBm.
In terms of the WF in [2], it seems the options of introduce new power classes with necessary requirements was excluded. In addition, it seems there are no argument for increasing of  PCMAX_H,f,c ., By contrast, some arguments for increasing of  PCMAX_L,f,c.
According to the current RAN2 signalling design, if IE powerclass is reported, then the reported power class should be applied for this band combination, and if IE powerclass is reported then default power class, i.e. PC3 is applied. 
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	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.
	BC
	No
	N/A
	FR1 only



In the Pcmax,L and Pcmax,H formulas, PPowerClass,CA is the maximum UE power specified by UE Power Class for uplink inter-band CA, where PPowerClass,CA is the maximum UE power specified in Table 6.2A.1.3-1 for UE Power Class for uplink inter-band CA, corresponding to different power classes for CA band combinations. In our understanding, no matter whether the power high limit is lifted or not for inter-band CA band combination, power class for CA band combination should be  always valid, where the power class could be PC2, PC1.5 or PC3 pending on whether the IE powerclass for CA band combination absent or not. In other words, the new signaling introduced for higher power could not conflict with the existing powerclass signaling. 
Observation 1. power class for CA band combination (PPowerClass,CA) should be always valid.
Therefore, we think the item of PPowerClass,CA should be kept in the PCMAX_L,f,c  or PCMAX_H,f,c  formulas. Considering the PPowerClass,CA is going to be replaced by the sum of the individual rated PA power classes, so it is reasonable to keep PCMAX_L,f,c .
Proposal 1. PCMAX_L,f,c is keep unchanged.
MSD
As stated in [3], it was generally understood that increasing Pcmax_L may have implication to MPR/A-MPR/MSD.
However, for existing PC2 band combinations, there exist a note saying ‘Both of the transmitters shall be set min(+23 dBm, PCMAX_L,f,c) as defined in clause 6.2A.4’ for IMD MSD requirements. In our understanding, this note are similar with the PC3 band combination where min(+20 dBm, PCMAX_L,f,c) is used, which reuse the same approach in LTE defined several years ago. It is difficult to track the reasons for the derivation of this note in LTE but in our understanding, the reason for introducing the min(+20 dBm, PCMAX_L,f,c) restriction for LTE/NR PC3 NR CA may be that the total output power is limited by PPowerClass,CA and 20dBm is split equally for each each transmitterfor the worst case receiver performance possible purpose since actually the power configuration in reality for each transmitter can be configured for any values lower than PPowerClass,CA. Similar approach is used for PC2 band combinations, where 23dBm is split equally for each transmitter.
For the function of min(+23 dBm, PCMAX_L,f,c) for PC2 band combinations, due to the total power limit should be restricted by the PC2 power class (i.e. 26dBm), there are several cases for each transmitter power, i.e. PCMAX_L,f,c1 and PCMAX_L,f,c2:
1: Both PCMAX_L,f,c1 and PCMAX_L,f,c2 are smaller than 23dBm, then the transmitters should be set PCMAX_L,f,c1 + PCMAX_L,f,c2 
2: PCMAX_L,f,c1 is smaller than 23dBm, and PCMAX_L,f,c2 is larger than 23dBm and smaller than 26dBm, then the transmitters should be set PCMAX_L,f,c1+ 23dBm.  
3: PCMAX_L,f,c of each transmitter are all larger than 23dBm and smaller than 26dBm, then the transmitters should be set 23dBm+23dBm.
Obviously, the MSD caused by power configurations in case 1 and case 2 are smaller than the MSD in case 3. Therefore, a common set of IMD MSD values with 23+23dBm power configuration are defined for all of the power allocations of 23+23dBm and 23+26dBm for either FDD-TDD or TDD-TDD PC2 band combinations and additional 26+23dBm and 26+26dBm for TDD-TDD PC2 band combinations.
Therefore, if the same restriction of min(+23 dBm, PCMAX_L,f,c) is applied for the increasing high power NR CA combination, then the existing MSD can be applied. However, if the restriction of min(+23 dBm, PCMAX_L,f,c) is not applied, like min(+26 dBm, PCMAX_L,f,c) is applied for one transmitter, then the MSD need to be re-valuated since the power allocation should be set to 23+26dBm, rather than 23+23dBm. In this case, the first item of 23dBm is corrected to 26dBm and it seems no relation to PCMAX_L,f,c, so whether or not increasing PCMAX_L,f,c has no impact on the MSD.
Observation 2. By using the same note of min(+23 dBm, PCMAX_L,f,c), whether or not increasing PCMAX_L,f,c has no impact on the MSD.
In last meeting, We provided a initial evaluation on CA_n1-n78 in [4] with 23+26dBm power allocation when the restriction of total power is lifted, where IMD4 MSD value is calculated as 19.5dB which is 1.7dB higher than the existing PC2 MSD value.
However, considering the scope which was discussed in last meeting, such as PC5+PC3, PC3+PC2, and PC2+PC1.5, It is difficult to defined the min(+X dBm, PCMAX_L,f,c) for all of the power configuration cases, where X may be different with 23dBm, and it might be unrealistic to re-evaluate the MSD values for all the possible power configurations, it would cause cumbersome specification, and also higher work load in RAN4 considering lots of existing PC2 band combination and meanwhile the number is increasing, also increasing test burden. So it would be better to keep the exiting MSD values since the existing MSD values defined in RAN4 spec are the derived from the calculation and have large margin comparing with the actual MSD value. 
Observation 3. Defining new MSD values for all possible power configurations would cause cumbersome specification and higher work load in RAN4 and higher test burden in RAN5. 
Proposal 2. No need to re-valuate MSD.
TxD
In last meeting, RAN2’s CR in [6] introduced a new Rel-16 capability of txDiversity-r16, which is:
	txDiversity-r16
Indicates whether the UE supports Tx diversity requirements as specified in TS 38.101-1 [2].
	Band
	No
	N/A
	FR1 only


According to the impact analysis in the cover in [6], the 5G architecture options:(NG)EN-DC, NR SA, NE-DC, NR-DC are impacted. Therefore, in our understanding, the txDiversity-r16 can also be applied for the UE supports Tx diversity in PC2 inter-band NR CA band combination.
For UL NR CA band combination, we think similar situation as ENDC would happen that the power class of one band who supporting TxD may be different with the power class the same band operating in NR UL CA operation, for example band nX (23dBm) + band nY (26dBm via TxD 23dBm+23dBm), power class for band nY is PC3 and PC2 for UL CA operation and single band operation, respectively. A simple figure can be found below for the two different cases of the power high limits with or without TxD.
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(1) w/o TxD                                                                               (2) with TxD
Fig 1.Power high limits with/without TxD for 23+26dBm case
In cases of no TxD is not supported in inter-band CA mode (left), we think it was already clear and no argument.
In case of TxD is supported in inter-band CA mode (right), due to up to 2Tx can be configured which means inter-band NR CA and TxD cannot work at the same time. For band nY, full-power PAs are configured in each Tx chain, so the total power cannot up to 27.8dBm. In this case, UE can choose not to report the optional signaling defined for high limits of UE for inter-band CA and DC due to only PC3 for each Tx chain when operating in CA/DC mode, thus not supporting the sum method for this band combination. 
It shall be noted that the power configuration of 23+26dBm for TxD single band are still under discussed. If the 23+26dBm power configuration can be available for TxD single band, then the total power could still up to 27.8dBm when 26dBm PA of band nY together with 23dBm PA of nX are implemented as inter-band CA which is the same with the left one.
Therefore, in our understanding, it depends on the PA configurations for TxD but no in the scope of the WID [1]. Considering power classes may be different for a band operating in CA/DC and TxD, a per-band capability should be considered for a UE supporting TxD. 
Observation 4. For PC2 inter-band CA(23+26dBm), if TxD is supported, whether or not up to 27.8dBm is pending on the PA power configurations of TxD.
In terms of the outcomes in TxD TR[5]: RAN4 has agreed to introduce a new per-band capability signaling in Rel-16 for FR1 UEs supporting transparent TxD. That is it is agreed that new power class capability signaling for NR in EN-DC is introduced in Rel-16 to distinguish power class capability of NR in EN-DC from power class capability of NR in SA.
Similar as PC2 ENDC, a new per-band power class capability signaling for NR in NR CA/DC should be introduced to distinguish power class capability of NR in CA/DC from power class capability of NR in single band SA, to enable increase of UE high limit for NR CA/DC when TxD is supported.
Observation 5. To distinguish power class capability of NR in EN-DC from power class capability of NR in SA, a new per-band capability signaling was agreed to be introduced for UEs supporting transparent TxD. 
Proposal 3. A new per-band power class capability signaling for NR in NR CA/DC should be introduced to distinguish power class capability of NR in CA/DC from power class capability of NR in single band SA.
With the per-band capability signaling for NR CA/DC band combination as proposed in proposal 3, the total power of the inter-band CA/DC shall be the sum of the the individual rated PA power class signaled by the per-band capability for the NR when TxD is supported.
3	Conclusion
In this paper, we give some further discussions on the open issues mentioned in the WF, including PCMAX_L,f,c, MSD and TxD issue. The conclusion can be summarized as:
Observation 1. power class for CA band combination (PPowerClass,CA) should be always valid.
Proposal 1. PCMAX_L,f,c is keep unchanged.
Observation 2. By using the same note of min(+23 dBm, PCMAX_L,f,c), whether or not increasing PCMAX_L,f,c has no impact on the MSD.
Observation 3. Defining new MSD values for all possible power configurations would cause cumbersome specification and higher work load in RAN4 and higher test burden in RAN5. 
Proposal 2. No need to re-valuate MSD.
Observation 4. For PC2 inter-band CA(23+26dBm), if TxD is supported, whether or not up to 27.8dBm is pending on the PA power configurations of TxD.
Observation 5. To distinguish power class capability of NR in EN-DC from power class capability of NR in SA, a new per-band capability signaling was agreed to be introduced for UEs supporting transparent TxD. 
Proposal 3. A new per-band power class capability signaling for NR in NR CA/DC should be introduced to distinguish power class capability of NR in CA/DC from power class capability of NR in single band SA.
With the per-band capability signaling for NR CA/DC band combination as proposed in proposal 3, the total power of the inter-band CA/DC shall be the sum of the the individual rated PA power class signaled by the per-band capability for the NR when TxD is supported.
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