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Introduction
In Busan meeting, the configured transmitted power in FR2 was discussed and agreed with exception that Pumax tolerance values were put into brackets for further check [1]. In this contribution, we propose the adjusted Pumax tolerance values.
Discussion
Configured transmitted power 
The configured transmit power in FR2 was approved in RAN4 #87 meeting and further 38.101-2 [2] was approved in RAN plenary. The specification regarding configured transmit power is copied from 38.101-2 [2] as follows.[bookmark: _Toc518913718]6.2.4	Configured transmitted power
The UE can configure its maximum output power. The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c is defined as that available to the reference point of a given transmitter branch that corresponds to the reference point of the higher-layer filtered RSRP measurement in each receiver branch as specified in 38.215. 
The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds
PPowerclass – MPRf,c – P-MPRf,c – T(MPRf,c + P-MPRf,c) ≤ PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by
PTMAX,f,c ≤ TRPmax
with PPowerclass the UE power class as specified in sub-clause 6.2.1, EIRPmax the applicable maximum EIRP as specified in sub-clause 6.2.1, MPRf,c as specified in sub-clause 6.2.2, P-MPRf,c the power management term for the UE and TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2.1. The tolerance T(∆P) for applicable values of ∆P (values in dB) is specified in Table 6.2.4-1.
Table 6.2.4-1: PUMAX,f,c tolerance
Operating Band
∆P (dB)
Tolerance T(∆P)
(dB)
n257, n258, n260, n261
 P = [0] 
0

[0] < P ≤ [1.5]
[0.5]

[1.5] < P ≤ [2.5]
[1]

[2.5] < P ≤ [3.5]
[2]

[3.5] < P ≤ [4.5]
[3]

[4.5] < P ≤ [9.5]
[4]

[9.5] < P ≤ [14.5]
[5]

[14.5] < P ≤ [35.5]
[6]



The Pumax lower bound is based on Ppower_class adjusted by MPR, P-MPR and corresponding tolerance term T(MPR + P-MPR). A-MPR may also be included if A-MPR is needed for EESS protection.

The values of  and T() currently are in the brackets. They need to be finalized. 

In the following context, we take comparison between FR2 and LTE/FR1 and propose new values for the Pumax tolerance.

In FR1 and also LTE, the Pumax tolerances are defined quite similar, this is expected since LTE and FR1 essentially have similar PA design. In FR1, the configured transmitted power is defined in 38.101-1 [3] as follows [bookmark: _Toc518915358]6.2.4	Configured transmitted power
The UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }
…
The measured configured maximum output power PUMAX,f,c shall be within the following bounds:
	PCMAX_L,f,c  –  MAX{TL,c, T(PCMAX_L,f,c)}  ≤  PUMAX,f,c  ≤  PCMAX_H,f,c  +  T(PCMAX_H,f,c).
where the tolerance T(PCMAX,f,c) for applicable values of PCMAX,f,c is specified in Table 6.2.4-1. The tolerance TL,c is the absolute value of the lower tolerance for the applicable operating band as specified in Table 6.2.1-1.
Table 6.2.4-1: PCMAX tolerance
PCMAX,f,c  (dBm)
Tolerance T(PCMAX,f,c) (dB)
23 < PCMAX,c ≤ 33
2.0
21 ≤ PCMAX,c ≤ 23
2.0
20 ≤ PCMAX,c < 21
2.5
19 ≤ PCMAX,c < 20
3.5
18 ≤ PCMAX,c < 19
4.0
13 ≤ PCMAX,c < 18
5.0
8 ≤ PCMAX,c < 13
6.0
-40 ≤ PCMAX,c < 8
7.0



It can be understood that in FR1 table, Pcmax should be Pcmax,L from the context.

Since FR1 Pcmax tolerance table is not straightforward to have a comparison with FR2 Pumax tolerance table, converting FR1 Pcmax tolerance table to  and T() format can provide better comparison. Let  be relative to nominal value of maximum output power of 23dBm for FR1 PC3 device in FR1, the FR1 table vs. FR2 table are shown below.

Table 1.   and T() comparison between FR1 and FR2

	LTE/FR1 Pcmax tolerance
	
	FR2 Pumax tolerance

	ΔP  (dB)
	Tolerance T(ΔP) (dB)
	
	∆P (dB)
	Tolerance T(∆P) (dB)

	-10 ≤ ΔP < 0
	2.0
	
	P = [0]
	0

	0 ≤ ΔP ≤ 2
	2
	
	[0] < P ≤ [1.5]
	[0.5]

	2  < ΔP ≤ 3
	2.5
	
	[1.5] < P ≤ [2.5]
	[1]

	3 <  ΔP ≤ 4
	3.5
	
	[2.5] < P ≤ [3.5]
	[2]

	4 <  ΔP ≤ 5
	4
	
	[3.5] < P ≤ [4.5]
	[3]

	5 <  ΔP ≤ 10
	5
	
	[4.5] < P ≤ [9.5]
	[4]

	10 <  ΔP ≤ 15
	6
	
	[9.5] < P ≤ [14.5]
	[5]

	15 <  ΔP ≤ 63
	7
	
	[14.5] < P ≤ [35.5]
	[6]



It shows that at same  level T() in FR2 is 1 to 1.5dB smaller than the T() in FR1. But considering in FR1, the nominal power is used instead of the lower band of maximum output power which in most of FR1 bands has 2dB tolerance below nominal value of 23dBm. If this factor is considered, FR1 Pcmax tolerance is around 0.5dB to 1dB tighter than Pumax tolerance in FR2.

But it is known that there are a variety of differences in PA design between FR1 and FR2. There are more challenges in PA design in FR2 than FR1, e.g., the additional tolerances imposed by the usage of splitter amps, finite codebooks, phase shifters in different power levels and their non-linearity, etc. 

One significant difference in the specification is absolute power tolerance. In FR1, the absolute power tolerance is specified in table 6.3.4.2-1 in 38.101-1[3] and copied below.

Table 6.3.4.2-1 in 38.101-1: Absolute power tolerance (FR1)
	Conditions
	Tolerance

	Normal
	± 9.0 dB

	
	



While the absolute power tolerance in FR2 is specified in the following tables.

Table 6.3.4.2-1 in 38.101-2: Absolute power tolerance (FR2)
	Power Range
	Tolerance

	Pint ≥ P ≥ Pmin
	± [14.0] dB

	Pmax ≥ P > Pint
	± [12.0] dB



Table 6.3.4.2-2 in 38.101-2: Intermediate power point (FR2)
	Power Parameter
	Value

	Pint
	Pmax – 12.0 dB



It can be seen there is 3dB to 5dB increase in absolute power tolerance in FR2 comparing with corresponding tolerance in FR1. We believe the absolute power tolerance values defined in FR2 are reasonable by considering design challenge in FR2. Larger absolute power tolerance makes it difficult to maintain smaller tolerance of configured transmitted power. We see necessity to modify the Pumax tolerance to reflect the design challenges in FR2. 

Observation: In FR2, the additional tolerances imposed by the usage of splitter amps, finite codebooks, phase shifters and their non-linearity, etc. need to be taken into account when considering tolerance of Pumax.

Proposal 1: In FR2, the Pumax tolerance table should be updated as follows

Table 6.2.4-1: PUMAX,f,c tolerance
	Operating Band
	∆P (dB)
	Tolerance T(∆P)
(dB)

	n257, n258, n260, n261
	 P = [0] 
	0

	
	0 ≤ ΔP ≤ 2[0] < P ≤ [1.5]
	[0.5]1.5

	
	2  < ΔP ≤ 3[1.5] < P ≤ [2.5]
	[1]2

	
	3 <  ΔP ≤ 4[2.5] < P ≤ [3.5]
	[2]3

	
	4 <  ΔP ≤ 5[3.5] < P ≤ [4.5]
	[3]4

	
	5 <  ΔP ≤ 10[4.5] < P ≤ [9.5]
	[4]5

	
	10 <  ΔP ≤ 15[9.5] < P ≤ [14.5]
	[5]7

	
	15 <  ΔP ≤ X[14.5] < P ≤ [35.5]
	[6]8

	Note: X is the value such that Pumax,f,c lower bound,  PPowerclass - P – T(P) = minimum output power specified in subclause 6.3.1.



A corresponding CR is submitted to reflect these changes [4].
Configured transmitted power for CA
For configured transmitted power for UL CA in FR2, there is no corresponding clause in current 38.101-2 [2]. But we think it was just simply missed.

Since use cases of UL inter-band CA and UL intra-band non-contiguous CA in FR2 are not clear, we suggest to define configured transmitted power for UL intra-band contiguous CA only in current specifications and leave the requirements open for UL inter-band CA and UL intra-band non-contiguous CA.

It is our understanding that the UE antenna architecture for UL intra-band contiguous CA is the same with non CA configurations, i.e., to use one single antenna panel including both horizontal and vertical polarizations of antenna arrays for UL transmissions at any given UL transmission time (UE is still allowed to do antenna switching). So we have following proposal for configured transmitted power for CA.

Proposal 2: For uplink intra-band contiguous carrier aggregation with the same antenna configurations as specified for non carrier aggregation, the configured transmitted power specified in subclause 6.2.4 applies.


Conclusion
In this contribution, by recognizing the PA design challenge in FR2, we propose the new values for Pumax tolerance. We also consider for uplink intra-band contiguous carrier aggregation with the same antenna configurations as specified for non carrier aggregation, the same tolerance requirement should be applied for CA.

We have following two proposals.

Proposal 1: In FR2, the Pumax tolerance table should be updated as follows

Table 6.2.4-1: PUMAX,f,c tolerance
	Operating Band
	∆P (dB)
	Tolerance T(∆P)
(dB)

	n257, n258, n260, n261
	 P = [0] 
	0

	
	0 ≤ ΔP ≤ 2[0] < P ≤ [1.5]
	[0.5]1.5

	
	2  < ΔP ≤ 3[1.5] < P ≤ [2.5]
	[1]2

	
	3 <  ΔP ≤ 4[2.5] < P ≤ [3.5]
	[2]3

	
	4 <  ΔP ≤ 5[3.5] < P ≤ [4.5]
	[3]4

	
	5 <  ΔP ≤ 10[4.5] < P ≤ [9.5]
	[4]5

	
	10 <  ΔP ≤ 15[9.5] < P ≤ [14.5]
	[5]7

	
	15 <  ΔP ≤ X[14.5] < P ≤ [35.5]
	[6]8

	Note: X is the value such that Pumax,f,c lower bound,  PPowerclass - P – T(P) = minimum output power specified in subclause 6.3.1.



Proposal 2: For uplink intra-band contiguous carrier aggregation with the same antenna configurations as specified for non carrier aggregation, the configured transmitted power specified in subclause 6.2.4 applies.
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