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1	Introduction
In RAN4#101bis-e, good progress in some areas were made, even though the WF [1] was not agreed. As seen from the email discussion summary [2], companies were more or less aligned in the topics such as the scope of the WI, MSD issue and SAR compliance. The main sticking points were P_CMAX_L and power class ambiguity with or w/o TxD.
2	Discussion
2.1 CA Power Low Limit: P_CMAX_L
During the discussions in RAN4#101bis-e, several companies expressed their preference of keeping the lower bound P_CMAX_L unchanged without providing convincing justifications. And one of the proponent companies also admitted the drawbacks of such an option as pointed out by several other companies, and proposed to optimise it in the future. However, we do not believe such a compromise is necessary. In particular, we do not think it’s meaningful to introduce an optional capability which a UE can claim but without actually deliver it.
Observation 1: It has been recognised in RAN4 that keeping the lower bound P_CMAX_L unchanged has serious drawbacks, including that the new capability would become unverifiable and create no differentiations among UEs.
Furthermore, keeping P_CMAX_L unchanged while increasing P_CMAX_H is equivalent to relaxing the upper tolerance of the CA Tx power, as pointed out by Apple [2].  More explicitly, the same effect may be achieved by the changes to the UL CA power tolerance as shown in the Table below.
Table 6.2A.4.1.3-1: PCMAX tolerance for uplink inter-band CA (two bands)
	PCMAX
(dBm)
	Tolerance
TLOW(PCMAX)
(dB)
	Tolerance
THIGH(PCMAX)
(dB)

	23 ≤ PCMAX ≤ 26 [27.8]
	3.0
	2.0 [3.8]

	22 ≤ PCMAX < 23
	5.0
	2.0

	21 ≤ PCMAX < 22
	5.0
	3.0

	20 ≤ PCMAX < 21
	6.0
	4.0

	16 ≤ PCMAX < 20
	5.0

	11 ≤ PCMAX < 16
	6.0

	-40 ≤ PCMAX < 11
	7.0



Observation 2: Keeping P_CMAX_L unchanged while increasing P_CMAX_H is equivalent to relaxing the upper tolerance of the UL CA power. No new capability/signalling would be needed.
The existing P_CMAX formulas for inter-band CA have been repeatedly quoted, which are duplicated below again.
The total configured maximum output power PCMAX shall be set within the following bounds:
	PCMAX_L ≤ PCMAX ≤ PCMAX_H
For uplink inter-band carrier aggregation with one serving cell c per operating band when same slot symbol pattern is used in all aggregated serving cells,
	PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass.c/(MAX(mprc·∆mprc, a-mprc)·tC,c ·tIB,c·tRxSRS,c) , pPowerClass,c/pmprc], PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}
	PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}

If we allow Pcmax_L to change via the P_CMAX formula, the demand on the output power would still be determined by the per-band capabilities because of the min() function in the formula. The per-band MPR and A-MPR still apply. Below is a simplified example for the 23+26 case. Note that PPowerClass,CA is set to 26 dBm for the existing spec, while 27.8 dBm for the new method.
Table 1: Comparison of P_CMAX_L for the 23+26 case
	MPR for band A
(dB)
	MPR for band B
(dB)
	Pcmax_L (existing)
(dBm)
	Pcmax_L (new)
(dBm)

	2
	2
	25.8
	25.8

	1
	1
	26
	26.8

	0
	0
	26
	27.8



It can be seen that:
1) If relatively large MPR is allowed (e.g. for  edge region or high order modulation), Pcmax_L will be the same under both methods;
2) If little MPR is allowed (e.g. inner region for BPSK/QPSK), Pcmax_L is hard-limited to 26 dBm as per current spec, while the new method would increase Pcmax_L, since less MPR is needed and the UE is able to transmit more power.
In summary, Pcmax_L is not always increased. When it’s increased above the nominal power class, it’s because less MPR is needed. Therefore, if a UE can meet the per-band output power requirements, it can also meet the new Pcmax_L limit w/o difficulty.
Observation 3: The P_CMAX_L is always limited by the per-band power capabilities including MPR, A-MPR, etc. If a UE can meet the per-band output power requirements, it can also meet the new P_CMAX_L limit for CA w/o difficulty.
Hence we propose:
Proposal 1: Reuse the existing configured power formula for both P_CMAX_L and P_CMAX_H, and allow both to change with the UE power capability.
2.2 Power Class Ambiguity
It has become clearer that there’s a power class ambiguity issue for band combinations after several meetings of discussions. The issue was initially brought up in the context of TxD. Then in the last meeting, it was pointed out that even without the use of TxD, the ambiguity issue still existed [2]. Furthermore, this is a generic issue for band combinations, regardless if the higher power limit is enabled or not.
Observation 4: The power class ambiguity is a generic issue for band combinations with or without the use of TxD, regardless if the higher power limit is enabled or not.
The root cause of the problem is that the current specification does not require a UE to report the power class per band within a band combination. In other words, how to resolve the power class per band within a band combination is undefined. For example, a UE may report PC1.5 on band A for single-band operations. It’s clear that the power class for band A within CA_A-B cannot be PC1.5 since PC1.5 is implemented with dual-Tx under Rel-17. If the UE report PC2 on band A for single-band operations, it would be uncertain for the network/TE whether the power class for band A within CA_A-B should be PC2 or PC3.
It was proposed [2] to derive the power class per band within a band combination based on a set of rules, taking into account the TxD signalling, the assumption of 2Tx and etc. However, it seems that a counterexample can always be found for such rules-based method. Hence, we believe the most reliable way is for a UE to explicitly report the power class per-band.
Proposal 2: To resolve the power class ambiguity issue, a UE shall report the power class per-band within a band combination.
Once the power class ambiguity issue is solved, the resolution of TxD under band combinations becomes straightforward. The resolution of TxD matters, since different MPR requirements may be applicable with or w/o TxD. There is an important assumption in Rel-17 that max 2Tx are supported. Therefore it can be safely assumed that TxD is not active when dual-UL CA is configured. The Tx switching is a special case for CA, where TxD could be active when dual-UL transmission is switched to single-UL.
Observation 5: Different MPR requirements may be applicable with or w/o TxD. Given that max 2Tx are supported under Rel-17, it can be safely assumed that TxD is not enabled when dual-UL CA is configured. The Tx switching is a special case, where TxD could be active when dual-UL transmission is switched to single-UL.
It can be seen that the sum-method or its variants all depend on the accurate information of power class per band to calculate the new CA power limit. In order for the solution of higher CA power to work in practice, the power class ambiguity issue has to be solved first. Given the R17 timeframe, we think it’s best for the two issues to be discussed and solved under the same WI.
Proposal 3: Given the dependency between the two issues as well as the R17 timeframe, it’s proposed to discuss and solve the power class ambiguity issue under the same WI of higher CA output power.
2.3 The LUT-method
The Look-up Table (LUT) based method that we have proposed can solve the power class ambiguity issue and simultaneously enable higher output power for inter-band CA [3][4]. The required changes to the spec are presented in the companion CR [5]. Some detailed explanations are given below.
More explicitly, 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. For instance, the rows corresponding to index 0, 1 and 2 maintain the backward compatibility with existing PC2 CA power class while signaling the per-band power class configuration to the network. The rows corresponding to index 3 and 4 enable higher output power for the CA.
Table 2: Maximum output power for uplink inter-band CA (two bands)
	Index
	Per-band Output Power
<PPowerClass, c1, PPowerClass, c2> 
(dBm)
	Total Output Power PPowerClass,CA 
(dBm)
	Comments

	0
	(23, 23)
	26
	PC2 may be reported on individual bands.

	1
	(23, 26)
	26
	PC2 may be reported on individual bands.

	2
	(26, 23)
	26
	PC2 may be reported on individual bands.

	3
	(23, 26)
	27.8
	Targeted for MOP higher than PC2.

	4
	(26, 23)
	27.8
	Targeted for MOP higher than PC2.

	5
	(26, 26)
	26
	PC1.5 may be reported on individual bands.

	6
	(26, 26)
	29
	PC1.5 may be reported on individual bands.

	7
	(23, 20)
	24.8
	Targeted for CAs having a NR-U band.

	8
	(20, 23)
	24.8
	Targeted for CAs having a NR-U band.



The value to be reported to the network is the index of the LUT entry, which can be signaled via the powerClass field of the existing BandCombination IE. 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.
Proposal #4: Adopt the LUT-method as the solution for enabling higher MOP for inter-band CA, and inform RAN2 about the signaling requirement.
3	Conclusion
The following observations and proposals are made.
Observation 1: It has been recognised in RAN4 that keeping the lower bound P_CMAX_L unchanged has serious drawbacks, including that the new capability would become unverifiable and create no differentiations among UEs.
Observation 2: Keeping P_CMAX_L unchanged while increasing P_CMAX_H is equivalent to relaxing the upper tolerance of the UL CA power. No new capability/signalling would be needed.
Observation 3: The P_CMAX_L is always limited by the per-band power capabilities including MPR, A-MPR, etc. If a UE can meet the per-band output power requirements, it can also meet the new P_CMAX_L limit for CA w/o difficulty.
Proposal 1: Reuse the existing configured power formula for both P_CMAX_L and P_CMAX_H, and allow both to change with the UE power capability.
Observation 4: The power class ambiguity is a generic issue for band combinations with or without the use of TxD, regardless if the higher power limit is enabled or not.
Observation 5: Different MPR requirements may be applicable with or w/o TxD. Given that max 2Tx are supported under Rel-17, it can be safely assumed that TxD is not enabled when dual-UL CA is configured. The Tx switching is a special case, where TxD could be active when dual-UL transmission is switched to single-UL.
Proposal 2: To resolve the power class ambiguity issue, a UE shall report the power class per-band within a band combination.
Proposal 3: Given the dependency between the two issues as well as the R17 timeframe, it’s proposed to discuss and solve the power class ambiguity issue under the same WI of higher CA output power.
Proposal #4: Adopt the LUT-method as the solution for enabling higher MOP for inter-band CA, and inform RAN2 about the signaling requirement.
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For uplink carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c for serving cell c and its total configured maximum output power PCMAX.
The configured maximum output power PCMAX,c  on serving cell c shall be set as specified in clause 6.2.4.
For uplink inter-band carrier aggregation, MPRc and A-MPRc apply per serving cell c and are specified in clause 6.2.2 and clause 6.2.3, respectively. P-MPR c accounts for power management for serving cell c. PCMAX,c  is calculated under the assumption that the transmit power is increased independently on all component carriers.
The total configured maximum output power PCMAX shall be set within the following bounds:
	PCMAX_L ≤ PCMAX ≤ PCMAX_H
For uplink inter-band carrier aggregation with one serving cell c per operating band when same slot symbol pattern is used in all aggregated serving cells,
	PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass.c/(MAX(mprc·∆mprc, a-mprc)·tC,c ·tIB,c·tRxSRS,c) , pPowerClass,c/pmprc], PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}
	PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}
where
-	pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7];
-	If the field of UE capability [powerClass-v17xy] for the band combination is absent,
-	PPowerClass,CA is the maximum UE power specified in Table 6.2A.1.3-1 without taking into account the tolerance specified in the Table 6.2A.1.3-1;
-	pPowerClass,c is the linear value of the maximum UE power for serving cell c specified in Table 6.2.1-1 without taking into account the tolerance;
-	ΔPPowerClass, CA = 3 dB for a power class 2 capable UE when the requirements of default power class are applied as specified in sub-clause 6.2.A.1.3; otherwise ΔPPowerClass, CA = 0 dB;  -	mpr c and a-mpr c are the linear values of MPR c and A-MPR c as specified in clause 6.2.2 and clause 6.2.3, respectively;
-	else
-	PPowerClass,CA is the maximum UE power specified in Table 6.2A.4.1.3-2, of which the entry index is signalled in [powerClass-v17xy];
-	pPowerClass,c is the linear value of the maximum UE power for serving cell c specified in Table 6.2A.4.1.3-2, of which the entry index is signalled in [powerClass-v17xy];
[bookmark: _GoBack]-	ΔPPowerClass, CA = PPowerClass,CA - PPowerClass,default dB when the requirements of default power class are applied as specified in sub-clause 6.2.A.1.3; otherwise ΔPPowerClass, CA = 0 dB;  -	mpr c and a-mpr c are the linear values of MPR c and A-MPR c as specified in clause 6.2.2 and clause 6.2.3, respectively;
-	∆mpr c is the linear value of ∆MPR c as specified in clause 6.2.2;
-	pmprc is the linear value of P-MPR c;
<<< Next Changes >>>
Table 6.2A.4.1.3-2: Maximum output power for uplink inter-band CA (two bands)
	Index
	Per-band Output Power
(PPowerClass, c1, PPowerClass, c2) 
(dBm)
	Total Output Power PPowerClass,CA 
(dBm)

	0
	(23, 23)
	26

	1
	(23, 26)
	26

	2
	(26, 23)
	26

	3
	(23, 26)
	27.8

	4
	(26, 23)
	27.8

	5
	(26, 26)
	26

	6
	(26, 26)
	29

	7
	(23, 20)
	24.8

	8
	(20, 23)
	24.8



<<< End of Changes >>>




· New UE feature request
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	22. Power_Limit_CA_DC

	22-1
	NR UL CA/DC
	Indicates the power class per-band and the max total output power when operating according to this band combination.
	
	Yes
	No
	UE cannot fully utilize its Tx power capability for a band combination
	Per BC
	No need
	FR1 only
	N/A
	
	Optional with capability signalling





