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1 Background
In this contribution we resubmit a background to the proposed changes of the total configured power PCMAX for inter-band UL CA in [1] to make the PCMAX in 38.101-1 consistent with the that in 38.213. 
We also propose changes to the PCMAX,f,c for serving cells in [2] and [3] from Rel-16 such that PH reporting becomes correct for UL CA. HPUE is specified for several operating bands also in Rel-16, but inter-band UL CA configurations, some of which include these bands, are only specified for the default PC3. If the proposed changes are not implemented, the total configured UE power PCMAX is capped at 23 dBm, which means that the PHR are overestimated for HPUE serving cells since the PH is relative to the NR band capability. 
2 Alignment of PCMAX with the defintion in 38.213
The PCMAX for UL CA in 38.101-1 appears to be decoupled from the corresponding threshold in 38.213 used for prioritization of transmission occasions when the UE is power limited and more related to the measurement of the total power PUMAX in the RAN4 specification. The 38.213 refers to the 38.101-1 for the value of PCMAX for a transmission occasion of a physical channel on any serving cell (CA) or carrier (SUL). This is similar to the EN-DC case, but without any specified behavior on the scaling of lower-priority transmissions. 
In 38.213 the PCMAX is the total power per transmission occasion on any serving cell. If exceeded then the UE is power limited and allocates the power per transmission in order of priority similar to the EN-DC case, the threshold defined in RAN4 specifications:
For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion [image: image2.png]


 would exceed [image: image4.png]pCMAX(i)



, where [image: image6.png]pCMAX(i)



 is the linear value of [image: image8.png]PCMAX(i)



 in transmission occasion [image: image10.png]


 as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS 38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to [image: image12.png]pCMAX(i)



 for that frequency range in every symbol of transmission occasion [image: image14.png]


. […] When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion [image: image16.png]


, the UE does not include power for transmissions starting after the symbol of transmission occasion [image: image18.png]


. The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot. 

For determining the PCMAX for each transmission occasion, the UE does not include transmissions starting after this occasion. 
The 38.213 refers to the RAN 4 specifications for the PCMAX threshold. However, the PCMAX is determined by the lowest configured power during the the largest slot duration of the UL CCs, from 38.101-1,
When slots p and q have different transmissions lengths and belong to different cells on different bands:

PCMAX_L (p,q) = MIN {10 log10 [pCMAX_L,f,c(i),i (p) + pCMAX_L,f,c(i),j (q)], PPowerClass,CA, PEMAX,CA}

PCMAX_H (p,q) = MIN {10 log10 [pCMAX_ H,f,c(i),i (p) + pCMAX_ H,f,c(i),j (q)], PPowerClass,CA, PEMAX,CA}
Firstly, it is noted that the PCMAX above is lower bounded by pCMAX_L,f,c(i),i (p) + pCMAX_L,f,c(i),j (q) if not greater than the BC power class. In the absence of proximity detection or transmissions of non-3GPP RAT(s) triggering P-MPR, power prioritization for SAR mitigation should not occur at a total power level below the power class of the BC even if the PH < 0 on the serving cells. Indeed, the BC power class is used as a parameter in duty-cycle reporting for CA for determining if the UE should fall back and apply the default BC power class.
Secondly, the PCMAX in the 38.101-1 implies that the UE also includes transmissions start after a transmission occasion evaluated. 
Figure 1 illustrates the case of overlapping occasions i and j on serving cells with different numerologies. According to Table 6.2A.4.1.3-0 in 38.101-1,

Table 6.2A.4.1.3-0: PCMAX evaluation window for different slot and channel durations
	TREF
	Teval
	Teval with frequency hopping

	TREF of largest slot duration over both UL CCs
	Physical channel length
	Min(Tno_hopping, Physical Channel Length)


the total power is evalued for each transmission occasion -- assuming that Teval and “physical channel length” is the duration of a transmission occasion in a slot -- and the minimum of pCMAX_L,f,c(i),i (p) + pCMAX_L,f,c(i),j (q) of all transmission occasions during the slot p of duration TREF determines the PCMAX when this sum is below the BC power class. This implies in turn that
· the total power for each transmission occasion for scaling during TREF is limited by the lowest pCMAX_L,f,c(i),i (p) + pCMAX_L,f,c(i),j (q)  as evaluated for all transmission occasions jk overlapping with i
· the total power for an earlier transmission j1 is limited by a later non-overlapping transmission j3 with an UL grant received at a later instant, which violates the 38.213.
[image: image19.png]



Figure 1: overlapping transmissions occasions on serving cells of different numerologies.

The threshold PCMAX should only be determined by the power class for the BC or any configured power limit P-Max, from [1],
For uplink inter-band carrier aggregation with one serving cell c per operating band, the total configured maximum output power on serving cells in a respective transmission occasion l of any numerology is


PCMAX (l) = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass,CA}
with PPowerClass,CA as specified above and pEMAX,c the linear value of PEMAX, c given by IE P-Max [7] if present for serving cell c
Hence the PCMAX(i) is ‘constant’ and does not depend on changing maximum power of overlapping transmissions; only transmissions overlapping with i should be included. The table of the evaluation window above can be removed for inter-band UL CA. This would also make the total UE power used for prioritization more predictable for the network based on capability signaling.
The measured total power PUMAX is limited by the pCMAX_L,f,c(i),i (p) + pCMAX_L,f,c(i),j (q) if below the BC power class. Two cases should be included, similarly to inter-band EN-DC:

· the total configured power of all serving cells is always below the BC power class, power prioritization should not occur and all transmissions be present regardless of priority

· the total power exceeds the BC power class, the UE allowed scale or drop transmissions of lower priorities.

This can be verified as follows, from [1]

The measured maximum output power PUMAX over all serving cells during a transmission occasion l within a slot p of numerology or symbol pattern i on serving cell c(i) overlapping in time with one or more transmission occasions m = mk within one or more slot(s) q of slot numerology or symbol pattern j on serving cell c(j) overlapping with slot p in time shall be within the following range
< no power prioritization >


P’CMAX_L (l)   – MAX{TL, TLOW(P’CMAX_L (l)) }  ≤  PUMAX  ≤  P’CMAX_H (l)   +  THIGH(P’CMAX_H (l))
with

PUMAX = 10 log10 ∑ pUMAX,f,c
P'CMAX_L (l) = MINk{10 log10[pCMAX_L,f,c(i)(l) + pCMAX_L,f,c(j)(m)]} of all m = mk
P'CMAX_H (l) = MIN{MAXk{10 log10[pCMAX_H,f,c(i)(l) + pCMAX_H,f,c(j)(m)], PCMAX (l)} of all m = mk
when pCMAX,f,c(i)(l) + pCMAX,f,c(j)(m) ≤ pCMAX (l) for all transmission occasions l and m = mk with pUMAX,f,c and pCMAX the respective measured maximum output power for serving cell c and total configured maximum power expressed in linear scale, and within the following range when the UE prioritizes power of transmissions
< power prioritization >

P’CMAX_L (l) – MAX{TL, TLOW(P’CMAX_L (l)) }  ≤  PUMAX  ≤  PCMAX (l)  + THIGH(PCMAX (l))

with the lower limit modified to

P'CMAX_L (l) = PCMAX_L,f,c(i)(l)

and pCMAX,f,c(i)(l) + pCMAX,f,c(j)(m) > pCMAX (l) for at least one m = mk and with the priority of each transmission occasion l higher than those of all transmission occasions m = mk according [38.213]. 
3 Proposal
We make the following proposal
Proposal 1: modify the PCMAX for inter-band UL CA in 38.101-1 consistent with the definition in 38.213. The measured output power PUMAX is verified similar to EN-DC with due account for power prioritization.
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Annex A 
The changes in 38.101-1
The changes of the PCMAX specification would look like follows: 
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 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.



For uplink inter-band carrier aggregation with one serving cell c per operating band, the total configured maximum output power on serving cells in a respective transmission occasion l of any numerology is



PCMAX (l) = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass,CA}
with PEMAX,CA, and PPowerClass,CA as specified above and 
pEMAX,c is the linear value of PEMAX, c given by IE P-Max [7] if present for serving cell c.











If a transmission occasion l within a slot p(q) of numerology or symbol pattern i(j) on a serving cell is overlapping in time with one or more transmission occasions m = mk within one or more slots q(p) of slot numerology or symbol pattern j(i) on the other serving cell overlapping with slot p(q) in time, the UE allocates power to transmissions such that the total UE transmit power for transmissions on serving cells is smaller than or equal to PCMAX (l) in every symbol of transmission occasion l as specified in [8].











	
	
	

	
	
	


If the UE is configured with multiple TAGs and transmissions of the UE on slot i for any serving cell in one TAG overlap some portion of the first symbol of the transmission on slot i +1 for a different serving cell in another TAG, the configuration of PCMAX (l) for a transmission occasion l also includes transmission occasions in the overlapping portion of slots i and i + 1.
The measured maximum output power PUMAX over all serving cells during a transmission occasion l within a slot p of numerology or symbol pattern i on serving cell c(i) overlapping in time with one or more transmission occasions m = mk within one or more slot(s) q of slot numerology or symbol pattern j on serving cell c(j) overlapping with slot p in time shall be within the following range

P’CMAX_L (l)   – MAX{TL, TLOW(P’CMAX_L (l)) }  ≤  PUMAX  ≤  P’CMAX_H (l)   +  THIGH(P’CMAX_H (l))
with

PUMAX = 10 log10 ∑ pUMAX,f,c
P'CMAX_L (l) = MINk{10 log10[pCMAX_L,f,c(i)(l) + pCMAX_L,f,c(j)(m)]} of all m = mk
P'CMAX_H (l) = MIN{MAXk{10 log10[pCMAX_H,f,c(i)(l) + pCMAX_H,f,c(j)(m)], PCMAX (l)} of all m = mk
when pCMAX,f,c(i)(l) + pCMAX,f,c(j)(m) ≤ pCMAX (l) for all transmission occasions l and m = mk with pUMAX,f,c and pCMAX the respective measured maximum output power for serving cell c and total configured maximum power expressed in linear scale, and within the following range when the UE prioritizes power of transmissions

P’CMAX_L (l) – MAX{TL, TLOW(P’CMAX_L (l)) }  ≤  PUMAX  ≤  PCMAX (l)  + THIGH(PCMAX (l))

with the lower limit modified to

P'CMAX_L (l) = PCMAX_L,f,c(i)(l)

and pCMAX,f,c(i)(l) + pCMAX,f,c(j)(m) > pCMAX (l) for at least one m = mk and with the priority of each transmission occasion l higher than those of all transmission occasions m = mk according [8]. 
The tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX are specified in Table 6.2A.4.1.3-1. The tolerance TL is the absolute value of the lower tolerance for applicable NR CA configuration as specified in Table 6.2A.1.3-1-2 for inter-band carrier aggregation. The period of measurement shall be at least one sub-frame.







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)

	PCMAX = 23
	3.0
	2.0

	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


6.2A.4.1.4
Void

