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1	Introduction
 (
Consider the two options and study the 
feasibility
 and impacts for option
 
1.
Option 1: I
mprovement on power high limit
Option 2: Definition of a new power class 
for CA and DC
)A new WI [1] was established in RAN#93-e to fully utilise the UE power capability for CA and DC. As the first part of the objective, feasibility study on option 1 shall be performed.

2	Discussion
2.1 Existing Power Control Framework
The current power control framework spans across multiple specs in RAN1, RAN2 and RAN4.
As per TS 38.306, a UE shall report the supported power class for a given band combination. Otherwise, the default power class is assumed, which is usually power class 3.
	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



As per TS 38.101-1, a UE shall perform per-cell power control (e.g., set PCMAX,c for each serving cell) while simultaneously keeping the total output power within the limit set by the CA power class (i.e., PCMAX). In case of conflict, a set of prioritization rules are defined in TS 38.211 to determine the power for different cells.

 (
6.2A.4.1.3
Configured transmitted power for Inter-band CA
For uplink carrier aggregation the UE is allowed to set its configured maximum output power 
P
CMAX
,
c
 
for
 serving cell 
c
 and its total configured maximum output power 
P
CMAX
.
T
he configured maximum output power P
CMAX,
c
 
 
on serving cell 
c
 shall be set as specified in clause 6.2.4.
For uplink inter-band carrier aggregation, 
MP
R
c
 and A-MP
R
c
 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
. 
P
CMAX,
c
 
 
is calculated under the assumption that the transmit power is increased independently on all component carriers.
The total configured maximum output power P
CMAX
 shall be set within the following bounds:
P
CMAX_L
 ≤ P
CMAX 
≤ P
CMAX_H
)
Observation 1: As per existing power control framework, a UE in CA mode shall perform per-cell power control (i.e., set PCMAX,c for each serving cell) while simultaneously ensuring the total output power within the limit of the CA power class (i.e., set PCMAX for CA).
2.2 Drawbacks of the Sum Method
So far, only PC3 and PC2 are defined for CA (i.e., PPowerClass,CA = 23 or 26 dBm). In order to break this limit, some changes to the configured transmitted power high limit PCMAX_H were proposed in [2], which overrides the CA power class with the sum of the power class for each band.
 (
-------------------------------------------------an example of changes for configured power-------------------------------------
6.2A.4.1.3
Configured transmitted power for Inter-band CA
Unnecessary part is omitted
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where
-
p
EMAX,c
 is the 
linear 
value of P
EMAX
,
 c
 which is given 
by
 IE 
P-Max 
for serving cell 
c
 in [7];
-
If the field of UE capability 
XXX
 is not present,
 P
PowerClass,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
;
-
If the field of UE capability 
XXX
 is present, P
PowerClass,CA
 is replaced with 10log
10
∑
 p
PowerClass,c
;
-
p
PowerClass,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;
Unnecessary part is omitted
------------------------------------------------------------End of the example--------------------------------------------------------
)
The underlying assumption of the sum method [2] is that the per-band power class does not change under CA configuration, hence the total power capability is simply the summation of those of the individual bands. However, this assumption may not always hold.
For example, a UE equipped with two PC2 PAs may report PC1.5 on both band A and band B. In case of CA_A-B, the max output power is still 29 dBm, not 29 dBm+29 dBm. Similarly, a UE equipped with two PC3 PAs may report PC2 on both band A and band B. In case of CA_A-B, the max output power should still be 26 dBm, not 26 dBm+26 dBm.
In the near future, a UE may utilize three PAs and it can choose to enable TxD or MIMO on either band A or band B, but not both at the same time. For example, PC2 and/or MIMO may be reported for both band A and band B, but only 26 dBm + 23 dBm or 23 dBm + 26 dBm are possible for CA_A-B.
The common characteristic in the above scenarios is that the UE power capability per band (i.e., PPowerClass, c) may change depending on if CA is configured or not. The sum method [2] does not take this into account. As a result, the max total output power may be incorrectly calculated, and the UE power control may be erroneous.
Observation 2: Owing to the flexible implementation of TxD, the UE power capability per band is subject to change depending on the activation/deactivation of CA. However, the sum method does not consider such dynamics of the UE power capability. As a result, the max total output power may be incorrectly calculated, and the UE power control may be erroneous.
A UE is aware of its power configuration when configured with CA. Hence the UE should be able to use the correct power class information to determine PCMAX,c and PCMAX. However, if the updated power configuration of a CA is not signalled, the network or the test equipment may not be able to predict the UE behaviour correctly.
Observation 3:  If the updated power configuration of a CA is not signalled, the network or the test equipment may not be able to determine the UE max output power correctly. As a result, the network performance might be impacted, and the UE may fail power control related conformance tests.
In RAN4#100-e, the duty-cycle based SAR solution was added for PC2 inter-band CA, which requires that the average percentage of uplink symbols is no more than the threshold signaled by maxUplinkDutyCycle-interBandCA-PC2. The details are as below.
 (
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field of UE capability
 maxUplinkDutyCycle-PC2-FR1
 
per band 
as defined in TS 38.331
.  For NR Band x or NR Band y, 
–
if 
power class of one or both of 
the band
s within the band combination is 
power class 2
 and the corresponding UE capability
 maxUplinkDutyCycle-PC2-FR1
 
is absent
;
–
the corresponding maxDuty
NR,x 
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NR,y 
is equal to 50%;
–
else if the band is configured with 
power class 3
;
–
the corresponding maxDuty
NR,x 
or maxDuty
NR,y 
is equal to 100%.
)
It can be seen that the values of the two parameters: maxDutyNR,x and maxDutyNR,y depend on the power classes configured for the corresponding bands. As aforementioned, the power class for a band may change depending on the activation/deactivation of CA. If the network or the UE does not use the updated power class information, the average duty-cycle may be incorrectly calculated and thus the SAR solution may not work properly.
Observation 4: The duty-cycle based SAR solution may not work properly if the network does not have the updated power class information for the constituent bands of an inter-band CA.
2.3 Proposed Solution
In order to solve this problem while still enabling higher power for CA, we propose to define new values to be signaled in the existing BandCombination IE, which is similar to the idea in our paper of [3]. More explicitly, it is proposed to report both the PA configuration and the max total output power for a given band combination. The value to be signaled in the new powerClass-v17 parameter is an index to a mapping table as defined below.
Table 1: Example Mapping Table for Band Combination Power Classes (2-band UL)
	IE powerClass-v17
	PA Configuration
PPowerClass, c
	max Total Output Power PPowerClass,CA (dBm)

	0
	23dBm + 23dBm
	26

	1
	23dBm + 26dBm
	27.8

	2
	26dBm + 23dBm
	27.8

	3
	26dBm + 26dBm
	29

	4
	23dBm + 20dBm
	27

	5
	26dBm + 20dBm
	24.8

	…
	…
	…



Proposal 1: 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.
The sum method needs to define a new UE capability in order to override the CA power class (i.e., PPowerClass,CA). By contrast, our proposed solution extends the existing signaling mechanism and is fully compatible with the existing power control framework.
Observation 5: Our proposed solution extends the existing signaling mechanism for the CA power class (i.e., PPowerClass,CA) and provides updated information on per-band power class to the network. It is also fully compatible with the existing power control framework.
2.4 Further Studies
As discussed in previous meetings, a number of concerns were raised on increasing the max output power limit, including [4]:
· Possible impact to regulations
· Possible impact to 3GPP specifications 
· Possible need for signaling
· Possible impact to SAR and whether existing mechanisms such as duty cycle need to be enhanced
· Possible impact on RAN4 requirements, such as MPR, emissions, coexistence, MSD
· Possible impact to measurement and test cases
In the existing inter-band CA/DC basket WIs, either 20dBm + 20dbm or 23dBm + 23dBm is assumed for 2UL IMD in MSD estimation. If the UE output power is further increased, new MSD analysis for various band combinations need to be done, probably in the form of new basket WIs. And there should be a way in the specifications to identify such band combinations that have completed such MSD analysis and can support higher output power, for example, adding notes to the CA configurations or adding new tables.
Proposal 2: Further study the impact caused by the increase of the output power, particularly the impact to MSD, SAR and conformance tests as well as how to identify such band combinations that can support higher output power in the specifications.
The configured output power for DC as specified in TS 38.101-3 is quite different from that as specified in TS 38.101-1 for NR CA. Considering the R17 workload in RAN4, it is proposed to focus the study on inter-band CA.
[bookmark: _GoBack]Proposal 3: Given the R17 workload in RAN4, the scope of the WI is limited to NR inter-band CA.
3	Conclusion
The following observations and proposals are made.
Observation 1: As per existing power control framework, a UE in CA mode shall perform per-cell power control (i.e., set PCMAX,c for each serving cell) while simultaneously ensuring the total output power within the limit of the CA power class (i.e., set PCMAX for CA).
Observation 2: Owing to the flexible implementation of TxD, the UE power capability per band is subject to change depending on the activation/deactivation of CA. However, the sum method does not consider such dynamics of the UE power capability. As a result, the max total output power may be incorrectly calculated, and the UE power control may be erroneous.
Observation 3:  If the updated power configuration of a CA is not signalled, the network or the test equipment may not be able to determine the UE max output power correctly. As a result, the network performance might be impacted, and the UE may fail power control related conformance tests.
Observation 4: The duty-cycle based SAR solution may not work properly if the network does not have the updated power class information for the constituent bands of an inter-band CA.
Proposal 1: 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.
Observation 5: Our proposed solution extends the existing signaling mechanism for the CA power class (i.e., PPowerClass,CA) and provides updated information on per-band power class to the network. It is also fully compatible with the existing power control framework.
Proposal 2: Further study the impact caused by the increase of the output power, particularly the impact to MSD, SAR and conformance tests as well as how to identify such band combinations that can support higher output power in the specifications.
Proposal 3: Given the R17 workload in RAN4, the scope of the WI is limited to NR inter-band CA.
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