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Introduction
Power sharing discussion has been ongoing between RAN1 and RAN4 for sometime [1,2] but with no conclusion. RAN Plenary#78 took action on this issue and clarified power sharing aspect in EN-DC mode [3]. This paper aims to clarify power sharing and power class issues for EN-DC.   
Discussion

Plenary Way Forward [3] identified there are two types of UEs. 
· UE Type 1 capable of dynamic LTE-NR power sharing

· Converged NR and LTE modem with high speed interface capability

· These UEs can operate with P_LTE + P_NR > P_powerclass configuration or with no P_LTE or P_NR configuration

· UE Type 2 not capable of dynamic LTE-NR power sharing

· Separate NR and LTE modem with limited interface capability

· These UEs can only operate in EN-DC when a configuration is received with P_LTE + P_NR <= P_powerclass
To better understand the [3] we need to first look in to what is the meaning of P_LTE and P_NR  and P_powerclass here.  In Annex of same way forward [3], P_cmax is also used in very similar context than P_powerclass so it definetelly needs a clarification. 
Definition of parameters and Type 2 UE behavior
The intent is to limit the total output power from both LTE and NR radios to one specific number due to SAR or other regulatory compliance reasons. RAN4 should acknowledge and define such combined limit. Currently in 38.101-3 v15.0.0 there is only maximum combined power defined for DC_(n)71B. We believe this is limit is needed for both types of UEs and at least tentatively we can call it the “power class for EN-DC operation” (PPowerclass, EN-DC).

The used parameters P_LTE and P_NR, as also used in [1] are limits for UE maximum power for each RAT. We believe that the confusion between RAN1 and RAN4 is due to the time domain aspects of these parameters. RAN1 intended that the P_LTE and P_NR are considered similar parameter as PCMAX_H,c for LTE which sets the maximum limit for output power. TS 36.101 v15.0.0 defines PCMAX_H,c  as 

PCMAX_H,c = MIN {PEMAX,c, PPowerClass – ΔPPowerClass}
(1)

Where PEMAX,c is the value given by IE P-Max for serving cell c.

The actual configured output power for each UL grant, PPUSCH,f,c as expressed in TS 38.213 section 7, must be lower or equal value than PCMAX_H,c.
Observation: PCMAX is semi static parameter defining the upper limit of transmissions power and PPUSCH is the actual set power for each UL grant
The formula for Type 1 UEs indicates UE would transmit combined powers > PPowerclass, EN-DC but RAN1 really meant that sum of PCMAX_H,c ‘s can be higher than PPowerclass, EN-DC. RAN4 on the otherhand intended that sum of PPUSCH,f,c ‘s would not exceed PPowerclass, EN-DC which would possibly violate SAR or regulatory requirements. Neither ever meant that instantaneous combined power would exceed maximum limit set by regulatory requirements or PPowerclass, EN-DC.

Observation: Sum of PCMAX’s can be higher than maximum allowed value for power class in EN-DC operation but sum of instanteneous PPUSCH’s can not exceed maximum allowed value
Also Type 2 UEs can operate when P_LTE+P_NR > PPowerclass, EN-DC. The operation of Type 2 UE in this condition is described in in Way Forward [3] in annex. In short it is said that for this type UE, no overlapping NR and LTE UL transmissions are scheduled by network. 
Observation1: Type 2 UE operation is not limited to P_LTE + P_NR <= PPowerclass, EN-DC
This implies that network and UE both have a common understanding on what are the levels of P_LTE and P_NR.

Observation2: Both network and UE must have common understanding on the P_LTE and P_NR. 
For LTE, network knows PPowerClass, ΔPPowerClass, PEMAX,c and newly introduced γMCG  which is higher layer parameter p-MCG. There is also p-SCG which were defined for EN-DC mode in TS 38.213 section 7.6. LTE PCMAX_H,c needs to be changed to include this parameter. 
Once γMCG  is added to 36.101, PCMAX_H,c can be used as P_LTE. If NR configured maximum power definition follows LTE definition of  PCMAX_H,c then also that can be used as P_NR. In this case, burden of splitting the power to total max PPowerclass, EN-DC is with the network. If power splitting were to be done by UE, then new IE must be defined, and dedicated communication arranged for this purpose.  
 Observation3: P_LTE and P_NR can be assumed to be same parameter as PCMAX_H,c
Proposal 1: Network is responsible to split the power between NR and LTE and communicate the levels with γMGC and γSGC parameters.
With the observations until so far, it can be concluded that Type 2 UE behaviour is understood explicitly. 

For Type 2 UE, instantaneous combined power of LTE and NR UL transmissions will never exceed PPowerclass, EN-DC because:
1) Network will limit maximum configured power using γMGC and γSGC parameters individually for each radio in such way that PPowerclass, EN-DC is not exceeded or

2) Network will not configure simultaneous UL transmissions for LTE and NR 
With this, RAN4 still needs to define PPowerclass, EN-DC. Both LTE and NR will still have their independent power classes to prevent each radio from exceeding their maximum intended power. Straightforward definition would be 

PPowerclass, EN-DC = MAX { PPowerclass, E-UTRA, PPowerclass, NR} 
(2)
Definition of PPowerclass, EN-DC explicitly in TS 38.101-3 with dBm value as it is done for DC_(n)71B is slightly ambiguous since for example it is not clear what kind of test would satisfy the output power value. According to the text, it would be sufficient to test only LTE output power up to 23 dBm and test would be passed which is perhaps not the intent of the requirement. Perhaps better way would be to list the power classes for each RAT separately with the note to the formula (2) above indicating that power sharing depending on UE type is allowed. We have text proposal in the Annex to provide the changes needed to the text in TS 38.101-3.
Proposal: Maximum output for EN-DC is defined as a max of LTE and NR power classes and text in annex is adopted in to TS 38.101-3
Table 6.2.2.1-1: Maximum output power for EN-DC operation (continuous sub-blocks)

	DC configuration
	Power class E-UTRA
	Power class NR



	DC_(n)71B
	PC3
	PC3


Configured output power for NR Type 2 UE can follow LTE configured output power definition. Intent here is that Type 2 UE modems can operate independently without dynamic communication on the UL grants. For EN-DC mode, only a notation that total power is limitted to PPowerclass, EN-DC by using PCMAX_H,c is needed in TS 38.101-3.   
Type 1 UE 

Operation of Type 1 UE still need further clarification, but it should be easy by relying on Type 2 UE behaviour description explained in this document. Type 2 is expected to operate when P_LTE+P_NR > PPowerclass, EN-DC but in such way that PPUSCH,f,c, E-UTRA + PPUSCH,f,c, NR <= PPowerclass, EN-DC. This means that instantaneous combined power does not exceed a specific value PPowerclass, EN-DC but PCMAX_H,c,,E-UTRA + PCMAX_H,c,NR may exceed PPowerclass, EN-DC. 
The UE behaviour when combined instantaneous power of LTE and NR exceeds PPowerclass, EN-DC is under discussion in RAN1. It has been agreed that LTE power control is unaffected and therefore no impact to LTE power control is expected. UE can either limit NR transmission to value PPUSCH,f,c, NR = PPowerclass, EN-DC - PPUSCH,f,c, LTE or drop NR transmission all together. Details are not clear yet but RAN4 work can continue to define configured output power based on similar methods than LTE DC with the exception that LTE configured output power is prioritised. In LTE DC, slot that leads in time is prioritised which should not be the case for EN-DC. 

In Annex we provide a proposals for configured output power for EN-DC.    
TS 36.101 and TS 38.101-1 will need to be amended with the parameters γMCG and γSCG  separately. 
Conclusion

  TBW
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Annex: TP for TS 38.101-3
<start of next changes>

6.2.2
Transmitter power for EN-DC FR1
Power class for EN-DC operation confined in to FR1 for both E-UTRA and NR is defined as follows.
PPowerclass, EN-DC = MAX { PPowerclass, E-UTRA, PPowerclass, NR}
Where PPowerclass, E-UTRA is power class of EUTRA as defined in TS 36.101 and PPowerclass, NR is power class of NR as defined in TS 38.101-1. 
6.2.2.1
Transmitter power for intra-band EN-DC
The following UE Power Classes define the total maximum output power for any transmission bandwidth(s) of the CG(s) configured.
 Power classes of EUTRA and NR operations for intraband EN-DC configurations are defined in Table 6.2.2.1-1. UE shall meet requirements for corresponding power classes for EUTRA as defined in TS 36.101 and for NR as defined in TS 38.101-1. Maximum power of simultaneous operation of EUTRA and NR transmitters is verified according to UE types described in sections 6.2.5.1 and 6.2.5.2.  
Table 6.2.2.1-1: Maximum output power for EN-DC (continuous sub-blocks)

	DC configuration
	Power class of EUTRA
	Power class of NR

	


	DC_(n)71B
	PC3
	PC3
	


6.2.2.2
Transmitter power for inter-band EN-DC

<end of changes>

<start of next changes>

6.2.5
Configured maximum output power for EN-DC for FR1
< any intermediate sub-clauses omitted > 

6.2.5.1 Type 1 UE with dynamic power sharing capability between EUTRA and NR radios
Both EUTRA and NR shall follow configured maximum power definitions as described in TS 36.101 for EUTRA and in TS 38.101-1 for NR with the excerptions when 
10 log10 [pCMAX_H,c,EUTRA+ pCMAX_H,c,EUTRA]  >   PPowerclass, EN-DC 

Where 

pCMAX_H,c,EUTRA denotes PCMAX_H,c for EUTRA as defined in TS 36.101 section 6.2.5 expressed in linear scale.

pCMAX_H,c,NR denotes PCMAX_H,c for NR as defined in TS 38.101-1 section 6.2.5 expressed in linear scale.

UE shall ensure PPowerclass, EN-DC is not exceeded by UE during any period of time by dropping NR transmissions or limiting PUMAX,c of NR to a value
PUMAX,c, NR = 10 log10 [pPowerclass, EN-DC – pUMAX,c,EUTRA]
Where

pUMAX,c,EUTRA denotes measured configured maximum power PUMAX,c for EUTRA as defined in TS 36.101 section 6.2.5 expressed in linear scale.

pUMAX,c,NR denotes measured configured maximum power PUMAX,c for NR as defined in TS 38.101-1 section 6.2.5 expressed in linear scale.

6.2.5.2 Type 2 UE with semi-static network assisted power sharing between EUTRA and NR radios
Both EUTRA and NR shall follow configured maximum power definitions as described in TS 36.101 for EUTRA and in TS 38.101-1 for NR. Simultaneous transmissions of EUTRA and NR radios are not required when 
10 log10 [pCMAX_H,c,EUTRA+ pCMAX_H,c,EUTRA]  >   PPowerclass, EN-DC 
Where 
pCMAX_H,c,EUTRA denotes PCMAX_H,c for EUTRA as defined in TS 36.101 section 6.2.5 expressed in linear scale.
pCMAX_H,c,NR denotes PCMAX_H,c for NR as defined in TS 38.101-1 section 6.2.5 expressed in linear scale.

<end of changes>

