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Introduction
The inter-band EN-DC configured transmitted power was completed in 38.101-3, but inter-band NE-DC configured transmitted power is still not complete. In this contribution, the configured transmitted power for inter-band NE-DC is specified.
Discussion
 (
7.6.1A
NE-DC
If a UE is configured with a MCG using NR radio access and with a SCG using 
E-UTRA radio access, the UE is configured a maximum power 
 for transmissions in FR1 on the MCG by 
p-NR
 and a maximum power 
 
for transmissions on the SCG by 
p-
MaxEUTRA
. 
The UE determines transmission power for the MCG in FR1 as described 
Subclauses
 7.1 through 7.5 using 
 as the maximum transmission power 
for 
. The UE determines transmission power for the MCG in FR2 as described 
Subclauses
 7.1 through 7.5
. 
If the 
UE 
is not provided 
TDD-
UL-DL-
C
onfiguration
C
ommon
 for the MCG, t
he UE determines a transmission power for the SCG as described in [13, TS 36.213] using 
 as the maximum transmission power.
If at least one symbol of slot 
 of the MCG that is indicated as uplink or flexible by 
TDD-UL-DL-
ConfigurationCommon
 or 
TDD
-
UL-DL-
ConfigDedicated
 overlaps with 
subframe
 
 of the SCG
-
for
 
subframe
 
, the UE determines a transmission power for the SCG as described in [13, TS 36.213] using 
 as the maximum transmission power 
otherwise
 
-
the
 UE determines a transmission power for the SCG as described in [13, TS 36.213] using 
 as the maximum transmission power
If a UE is configured with 
, where 
 is the linear value
 of 
, 
 is the linear value
 of 
, and
 
 
is the linear value of 
a
 
configured 
maximum 
transmission
 power for NE-DC operation as 
defined in 
[8-3, TS 38.101-3] for FR1, 
the UE determines a transmission power for the MCG as follows
-
If the UE is 
configured
 
with 
reference TDD configuration
 
for E-UTRA (by 
tdm-PatternConfig-r15
 
in 
[13, TS
 
36.213]
)
-
If the UE does 
not indicate a capability for dynamic power sharing between E-UTRA and NR for NE-DC, 
the UE 
does
 not expect to transmit
 in a slot on the MCG in FR1 when a corresponding 
subframe
 on the SCG 
is an
 UL 
subframe
 
in the reference TDD configuration.
-
If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for NE-DC and
-
if
 the UE transmission(s) in 
slot 
 of the MCG in FR1 
overlap in time with UE transmission(s) in 
subframe
 
 
of the SCG
, and
-
if
 
 in any portion of 
slot 
 of the MCG
, 
the UE 
reduces
 
transmission power
 
in any 
portion of 
slot 
 
o
f
 the 
M
CG so that 
 in all portions of 
slot 
,
 where 
 and 
 are the linear values of the total UE transmission power
s
 in
 s
lot
 
 
of the MCG in FR1 
and in
 
s
ubframe
 
 of the SCG, respectively.
-
If the UE does 
not indicate a capability for dynamic power sharing between E-UTRA and NR for NE-DC, the UE expects to be configured 
with 
reference TDD configuration
 
for E-UTRA (by 
tdm-PatternConfig-r15
 
in 
[13, TS
 
36.213]
).
 
)NE-DC power control requirement was first (and last) introduced in RAN1 spec 38.213 in version of V15.4.0 (2018-12) for the completeness of RAN1 Rel-15 specifications.  The following is the excerpt of NE-DC requirement from 38.213.

At the same time, RAN1 sent an LS [1] to RAN4 regarding NE-DC power control.

There  (
RAN1 made the following agreements on power control for NR-LTE dual connectivity in RAN1#95, and 
would like RAN4 and RAN
2
 to take them into consideration in their future work. 
“
Agreement:
A UE configured with NE-DC is configured with P_LTE for LTE and with P_NR for NR
LTE Power limit is set as follows
For an LTE 
subframe
 that overlaps with any possible NR UL symbol(s)
Set LTE power limit 
Pcmax
<=P_LTE
Otherwise
Set LTE power limit 
Pcmax
 without considering P_LTE
A possible NR UL symbol is identified as an NR symbol configured as flexible or UL based on cell-specific or UE-specific (if configured) 
tdd_UL_DL_Configuration_Common
/dedicated.
NR power limit is set as 
Pcmax
 <= P_NR in all slots
When there is simultaneous transmission for LTE and NR with actual power 
p_lte_power
 and 
p_nr_power
 respectively, such that 
p_lte_power
 + 
p_nr_power
 > 
X_total
, UE will scale down 
p_nr_power
 until the total transmit power does not exceed 
X_total
X_total
 is computed based on P_LTE, P_NR 
Note:
At least from RAN1 perspective, there will be no change to other mechanisms (i.e., Power class, p-UE-FR1, 
Pemax
) specified in RAN4 to limit UE maximum transmit power
Specification details  of LTE power limit, NR power limit and 
X_total
 will be handled by RAN4”
)are two major differences in NE-DC comparing with EN-DC:
1) In NE-DC, LTE transmission power may not be limited by P_LTE if LTE transmission is predicted at non-overlapping transmission period with NR specified by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated.
2) There is no XSCALE defined.

For the first difference, it is our understanding that it implies in NE-DC, UE knows when it is going to be scheduled the dedicated LTE transmissions since configuration TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated is signaled in advance and if signaled, UEs regardless whether supporting dynamic power sharing or not should have same behavior to transmit LTE without considering P_LTE limit in Pcmax.

For the second difference, since no XSCALE defined, any amount of scaling applied by UE can be valid if is met after scaling. That means NR can be dropped to meet condition. In order to have a way to do the conformance test, we propose to take the same XSCALE currently defined for EN-DC and take same ‘a’ and ‘b’ conditions to specify PCMAX_ NE-DC _L(p,q) as how PCMAX_ EN-DC _L(p,q) is specified
Proposal: Take same approach of specifying PCMAX_ EN-DC _L(p,q) by XSCALE in NE-DC power control.
[bookmark: _GoBack]We have proposed text for configured transmitted power for inter-band NE-DC in the appendix based on inter-band EN-DC spec. The relative changes are tracked in order to indentify the difference.
Conclusion
In this contribution, we provide proposed text for configured transmitted power for inter-band NE-DC and the following proposal.
Proposal: Take same approach of specifying PCMAX_ EN-DC _L(p,q) by XSCALE in NE-DC power control.
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Appendix

< start of changes >
[bookmark: _Toc535319332]6.2B.6	Configured output power for NE-DC
[bookmark: _Toc535319333]6.2B.6.1	Configured output power level
[bookmark: _Toc535319334]6.2B.6.1.1	Intra-band contiguous NE-DC
[bookmark: _Toc535319335]6.2B.6.1.2	Intra-band non-contiguous NE-DC
6.2B.6.1.3	Inter-band NE-DC within FR1
For inter-band dual connectivity with one uplink serving cell per CG on E-UTRA and NR respectively, the UE is allowed to set its configured maximum output power PCMAX,c(i),i for serving cell c(i) of CG i, i = 1,2, and its total configured maximum transmission  power for ENNE-DC operation, .
The configured maximum output power PCMAX_ E-UTRA,c (p) in sub-frame p for the configured E-UTRA uplink carrier shall be set within the bounds:
PCMAX_L_ E-UTRA,c (p) ≤  PCMAX_ E-UTRA,c (p) ≤  PCMAX H _ E-UTRA,c (p)
where PCMAX_L_ E-UTRA,c and PCMAX H _ E-UTRA,c are the limits for a serving cell c as specified in TS 36.101 [4] sub-clause 6.2.5 modified by PLTE as follows:
[bookmark: _Hlk529357013]PCMAX_L_ E-UTRA,c = MIN { PEMAX, ENE-DC , (PPowerClass, ENE-DC – ΔPPowerClass,ENE-DC ), MIN(PEMAX,c , PLTE) – tC_ E-UTRA, c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc + ΔTIB,c  + TC_ E-UTRA, c + TProSe, P-MPRc)}
	PCMAX H _ E-UTRA,c = MIN {PEMAX,c,  PEMAX, EN-DC  , (PPowerClass, ENE-DC – ΔPPowerClass,ENE-DC ), PLTE, PPowerClass – ΔPPowerClass}
except that when uplink E_UTRA transmission is scheduled with non-overlapping with NR uplink transmisions: 
PCMAX_L_ E-UTRA,c = MIN { PEMAX, NE-DC , (PPowerClass, NE-DC – ΔPPowerClass,NE-DC ), PEMAX,c  – tC_ E-UTRA, c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc + ΔTIB,c  + TC_ E-UTRA, c + TProSe, P-MPRc)}


The configured maximum output power PCMAX_ NR,c (q) in physical-channel q for the configured NR carrier shall be set within the bounds:
	PCMAX_L,f,c,,NR (q) ≤  PCMAX,f,c,NR (q) ≤  PCMAX_H,f,c,NR (q)
where PCMAX_L_ NR,c and PCMAX H _ NR,c are the limits for a serving cell c as specified in sub-clause 6.2.4 of TS 38.101-1 [2] modified by PNR as follows:
PCMAX_L,f,c,,NR = MIN { PEMAX, ENE-DC  , (PPowerClass, ENE-DC – ΔPPowerClass,ENE-DC ), MIN(PEMAX,c , PNR ) - TC_NR, c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc+ ΔTIB,c + TC_NR, c + ∆TRxSRS,  P-MPRc) }
	PCMAX_H,f,c,NR = MIN {PEMAX,c, PEMAX, ENE-DC  , (PPowerClass, ENE-DC – ΔPPowerClass,ENE-DC ), PNR , PPowerClass – ΔPPowerClass }
[bookmark: _Hlk529357941]-	PLTE signalled by RRC as p-MaxEUTRA in [36.331]
-	PNR signalled by RRC as p-NR-FR1 defined in [38.331]
-	ΔTc_E-UTRA, c = 1.5dB when NOTE 2 in Table 6.2.2-1 in TS 36.101 [4] applies for a serving cell c, otherwise TC_ E-UTRA,c = 0dB;
-	TC_NR,c = 1.5dB when NOTE 3 in Table 6.2.1-1 in TS 38.101-1 [2] applies for a serving cell c, otherwise TC_NR,c = 0dB;
-	ΔTIB,c specified in sub-clause 6.2.7 6.2B.4.2 for EN-DC;, the individual Power Class defined in table 6.2B.1-3 and any other additional power reductions parameters specified in sub-clauses 6.2.3 and 6.2.4 for EN-DC are applicable to PCMAX_ E-UTRA,c and PCMAX_ NR,c evaluations.
-	ΔPPowerClass,ENE-DC = 3 dB for a power class 2 capable ENE-DC UE when  LTE UL/DL configuration is 0 or 6; or LTE UL/DL configuration is 1 and special subframe configuration is 0 or 5; or the IE p-maxUE-FR1 as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower; otherwise ΔPPowerClass,ENE-DC = 0 dB;
If the transmissions from NR and E-UTRA do not overlap, then the complete sub-clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications apply with the modifications specified above. The lower value between PPowerClass, EN-DC or PEMAX, EN-DC shall not be exceeded at any time by UE.
The total configured maximum transmission power for both synchronous and non-synchronous operation is
	P_ENE-DC_Total = MIN { PEMAX, ENE-DC ,PPowerClass, ENE-DC – ΔPPowerClass, ENE-DC }
P_ENE-DC_Total is the dB value of  , which is used in [38.213] and PEMAX, ENE-DC is  p-maxUE-FR1-r15 value signaled by RRC and defined in [36.331];
If the UE does not support dynamic power sharing,
	P_ENE-DC_Total = MIN { PEMAX, ENE-DC ,PPowerClass, ENE-DC  – ΔPPowerClass, ENE-DC } + 0.3 dB
If the ENE-DC UE does not support dynamic power sharing, then the complete sub-clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications TS 36.101 [4] and TS 38.101-1 [2] respectively apply with the modifications specified above and P_ENE-DC_Total applies. 
When a UE supporting dynamic sharing is configured for overlapping E-UTRA uplink and NR uplink transmissions, the UE can set its configured maximum output power PCMAX_ E-UTRA,c and PCMAX_ NR,c for the configured E-UTRA and NR uplink carriers, respectively, and its configured maximum transmission power for EN-DC operation, , as specified above. 
The measured total maximum output power PUMAX over both CGs/RATs, measured over the transmission reference time duration is
	PUMAX = 10 log10 [pUMAX,c,E-UTRA + pUMAX,c,NR],
where pUMAX,c,E-UTRA and pUMAX,c,NR denotes the measured output power of serving cell c for E-UTRA and NR respectively, expressed in linear scale. 
The measured total configured maximum output power PUMAX shall be within the following bounds:
	PCMAX_L -TLOW (PCMAX_L)  ≤  PUMAX  ≤  PCMAX_H + THIGH (PCMAX_H)
with the tolerances TLOW(PCMAX_H) and THIGH(PCMAX_H) for applicable values of PCMAX specified in Table 6.2B.46.1.3-2.
When an UL subframe transmission p from E-UTRA overlap with a physical-channel q from the NR, then for PUMAX evaluation, the E-UTRA subframe p is taken as reference period TREF and always considered as the reference measurement duration and the following rules are applicable.
TREF and Teval are specified in Table 6.2B.46.1.3-1 when same or different subframe and physical-channel durations are used in aggregated carriers. PPowerClass ,ENE-DC shall not be exceeded by the UE during any evaluation period of time.
Table 6.2B.46.1.3-1: PCMAX evaluation window 
	transmission duration
	TREF
	Teval

	Different transmission duration in different RAT carriers
	LTE Subframe 
	Min(Tno_hopping, Physical Channel Length)



For each TREF, the PCMAX_H is evaluated per Teval and given by the maximum value over the transmission(s) within the Teval as follows:
	PCMAX_H  = MAX { PCMAX_ ENE-DC _H (p,q) , PCMAX_ ENE-DC _H (p,q+1), … , PCMAX_ ENE-DC _H (p,q+n) }
where PCMAX_ ENE-DC _H are the applicable upper limits for each overlapping scheduling unit pairs (p,q) , (p, q+1) , up to (p, q+n) for each applicable Teval duration, where q+n is the last NR UL physical-channel overlapping with LTE subframe p.
While PCMAX_L is computed as follows:
	PCMAX_L = MIN { PCMAX_ ENE-DC _L (p,q) , PCMAX_ ENE-DC _L (p,q+1), … , PCMAX_ ENE-DC _L (p,q+n)}
where PCMAX_ENE-DC_L are the applicable lower limits for each overlapping scheduling unit pairs (p,q) , (p, q+1) , up to (p, q+n) for each applicable Teval duration, where q+n is the last NR UL physical-channel overlapping with LTE subframe p,
With
	PCMAX_ ENE-DC _H(p,q) = MIN {10 log10 [pCMAX H _ E-UTRA,c (p) + pCMAX H,f,c,NR c(q)], PEMAX, ENE-DC ,PPowerClass, ENE-DC}
And:
a= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) ] > P_ENE-DC_Total
b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > P_ENE-DC_Total 
If a= FALSE
PCMAX_ ENE-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)], PEMAX, ENE-DC ,PPowerClass, ENE-DC}
ELSE If (a=TRUE) AND (b=FALSE)
PCMAX_ ENE-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q) /X_scale ], PEMAX, ENE-DC ,PPowerClass, ENE-DC}
ELSE If b= TRUE
PCMAX_ ENE-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, ENE-DC ,PPowerClass, ENE-DC}
where 
-	pCMAX H _ E-UTRA,c (p) is the E-UTRA higher limit of the maximum configured power expressed in linear scale; 
-	pCMAX H _ NR,c (q) is the NR higher limit of the maximum configured power expressed in linear scale; 
-	pCMAX L _ E-UTRA,c (p) is the E-UTRA lower limit of the maximum configured power expressed in linear scale; 
-	pCMAX L _ NR,c(q) is the NR lower limit of the maximum configured power expressed in linear scale;
-	PPowerClass, ENE-DC is defined in sub-clause 6.2B.1.3-1x.x for inter-band ENE-DC;
-	X_scale is the linear value of X dB which is configured by RRC and can only take values [0 , 6]
-	pCMAX_ E-UTRA,c (p) is the linear value of PCMAX_ E-UTRA,c (p), the real configured max power for LTE
-	pCMAX,f,c,NR (q) is the linear value of PCMAX,f,c,NR (q), the real configured max power of NR
Table 6.2B.46.1.3-2: PCMAX tolerance for Dual Connectivity LTE-NR
	PCMAX(dBm)
	Tolerance 
TLOW (PCMAX_L) (dB)
	Tolerance 
THIGH (PCMAX_H) (dB)

	23 ≤ PCMAX ≤ 33
	[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]

	NOTE 1:	For UEs not indicating support of dynamic power sharing, the upper tolerance Thigh shall be reduced by 0.3 dB for P ≥ 20 dBm.



When LTE and NR transmissions overlap and the condition (If (a=TRUE) AND (b=FALSE)) is met, SCG MCG shall be transmitted and the following supplementary minimum requirement apply for the measured SCG MCG power, PUMAX,f,c,NR (q), under nominal conditions.
	10log(pCMAX L,f,c,,NR c(q)/X_scale)  –  TLOW (10log(pCMAX L,f,c,,NR c(q)/X_scale) )}  ≤  PUMAX,f,c,NR (q) ≤  10log(pCMAX H, f,c,,NR c (q)) + THIGH (10log(pCMAX H, f,c,,NR c (q))).
with the tolerances TLOW and THIGH for applicable values of PCMAX specified in Table 6.2B.46.1.3-2.

< end of changes >
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