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Introduction
For power sharing, WF was agreed [1] in RAN4-NR-AH#1801. The WF was that TPs will be proposed. However, based on comments and offline discussion it seems there are still some agreements needed before TPs can be agreed. In this paper we discuss further needed agreements for EN-DC mode UEs and provide TP.  


Discussion

To revisit the discussion for two types of UE, we drafted a picture to explain the meaning of the different parameters. Figure 1 shows LTE situation. It should be noted that Pcmax is the set output power and Pumax is the observed output power. Difference is the tolerance specified in the Table 6.2.5-1 of 36.101. 
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Figure 1: LTE Configured output power terminology

For EN-DC we will have situation where we need to manage the combined output power of two radio systems so that UE maximum output power limit for this mode is not exceeded. We discussed this limit in [2] and possible confusion between RAN1 and RAN4 discussions due to different understandings of this limit. Definition of power limits are up to RAN4 so it seems further discussion is needed. 

Limits for max power

In RAN plenary WF [4] P_powerclass used and in RAN1 documents as X_total is used. RAN4 discussions refer to Pcmax_H, Pcmax and Power_class,EN-DC. LS [5] states that: “RAN4 to define maximum total LTE and NR power in FR1 (X_total) that the UE should never exceed.” This limit was used to distinguish between two implementations with different capabilities for information sharing during EN-DC operation.

Type 1 UE can share grant by grant information and is able to use left over power headroom to favour the other RAT i.e. so called dynamic power sharing cpability
Type 2 UE can only limit power for each RAT independently in a semi static manner. P_LTE and P_NR were defined as new parameters for network to adjust the power for each RAT. As per LS [5] they are in absolute power
Before going further in to configured output power definition, RAN4 has make one important agreement namely the definition of maximum combined output power of the UE. We shall call it here as PPower_class, EN-DC. This definition is up to UE design and is up to RAN4 to decide. We see there are two possibilities for this definition:

A) PPower_class, EN-DC = MAX (PPower_class, E-UTRA, PPower_class, NR)
B) PPower_class, EN-DC = SUM(PPower_class, E-UTRA, PPower_class, NR), summation in linear units

If A is selected, then UE must be design to comply with LTE and NR independently and combined power never exceed the level beyond level of one RAT. 
If B is selected, then both RATs can operate up to their max power. SAR compliance must be then met by designing UE in EN-DC mode and no special treatment for power sharing is needed i.e. behaviour of Type 1 and Type 2 UE is the same.

Our preference is A since it simplifies the design process and UE typically are designed to comply with max 23 dBm power. It is also our assumption this is preference from OEMs based on earlier discussions that lead to WF [4].
Proposal 1: Maximum output power what UE will never is exceed is defined as PPower_class, EN-DC= MAX (PPower_class, E-UTRA, PPower_class, NR)

Pcmax_H

With the proposal 1, the power must be split between RATs somehow. LTE defines Pcmax_H as a limit for maximum output power as shown in Figure 1. Pcmax_H concept should be used for limiting maximum output power for each radio. Since P_LTE and P_NR are absolute power, the following definitions are needed:
Proposal 2: The inclusion and naming of P_LTE and P_NR are as follows

For LTE: PCMAX_H, EN-DC, E-UTRA = MIN(PCMAX_H, E-UTRA, PLTE,EN-DC) where PLTE,EN-DC is the aforementioned P_LTE

For NR: PCMAX_H, EN-DC, NR = MIN(PCMAX_H, NR, PNR,EN-DCFR1) where PNR,EN-DCFR1 is the aforementioned P_NR for FR1. 

Where PCMAX_H, EN-DC, E-UTRA and PCMAX_H, EN-DC, NR replace the PCMAX_H in 36.101 and 38.101-1 and shall be written to 38.101-3 only.

These changes to configured output power for EN-DC are needed for both types of UEs. We may also need text that  PPower_class, EN-DC is never exceeded for any time period and details related to that in terms of defining evaluation periods including different lengths of TTIs between LTE and NR. 
Pcmax_H for Type 2

Type 1 and Type 2 behaviour in terms of maximum power is different. WF [4] and LS [5] both state that RAN4 has to define a limit as discussed in previous sections. Here we assume the limit X_total is lower than sum of max power’s of the LTE and NR power and distinction between Type 1 and Type 2 UEs are needed.

Pcmax_H is the upper limit of the configured transmission power. For Type 2 UE, combined configured output power can not exceed X_total or as proposed in earlier section PPower_class, EN-DC. 
Since PCMAX_H, EN-DC, NR and PCMAX_H, EN-DC, E-UTRA are limitted by Pemax, P_LTE and P_NR, defining  

 PCMAX_H, EN-DC = MIN(PCMAX_H, EN-DC, NR + PCMAX_H, EN-DC, E-UTRA, PPower_class, EN-DC);  (assuming summation in linear domain.)  
creates a problem since if power of one RAT is limited by some reason, the combined power is also limited. This puts constraints on how network can optimise the UE behaviour and from UE point of view, if design allows for unlimited operation up to PPower_class, EN-DC, not other limit is needed.

Proposal 3: For Type 2 UE, no Pcmax_H, EN-DC is defined but maximum combined total power is always limited to PPower_class, EN-DC   

It may feel awkward, but for EN-DC, there is no Pemax, nor any other form of control for combined output power. It should be noted that LTE and NR output power is controlled individually by network and there is a Pcmax_H defined for EN-DC mode for each RAT individually already as in previous sub-section.   

This should be the definition for X_total for Type 1 UE too. But how to allow operation > X_total as decribed in WF [4] needs to be discussed. 
Pcmax_H for Type 1

For Type 1, there needs to be an understanding what is combined configured output power
Pcmax,EN-DC = SUM(PCMAX, EN-DC, E-UTRA, PCMAX, EN-DC, NR)   (in linear domain)
Note that now this is not the upper limit but the actual configured output power. 

At any time instance, configured output power must be below X_total but defining the upper limit for combined configured output as a function of upper limits configured output powers for LTE and NR is meaningless as was discussed in discussion for Type 2. In Figure 2, we depict the situation.
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Figure 2: EN-DC mode configured output power

The proper way to define upper limits is to define limits for LTE and NR in EN-DC mode individually as follows:

  Proposal 4: PCMAX_H, EN-DC for NR and LTE operation for Type 1 are defined as follows 
For LTE: PCMAX_H, EN-DC, E-UTRA = MIN(PCMAX_H, E-UTRA, PLTE,EN-DC) 
For NR: PCMAX_H, EN-DC, NR = MIN(PPower_class, EN-DC - PCMAX, EN-DC, E-UTRA, PCMAX_H, NR, PNR,EN-DCFR1) 

(sum and substract in linear domain)
With this definition, power sharing can happen assuming NR network is not limiting maximum power through SA network parameters (Pemax) or with P_NR and NR benefits off any left over power from LTE below X_total. 

For Pcmax_L, we need more information from MPR and A-MPR discussion if there are paramters what are only valid in EN-DC mode that will impact lower limit of configured output power. If not, then Pcmax_L should not be defined for EN-DC but Pcmax_L should follow individual RAT lower limits. 

Proposal 5: Define Pcmax_L only if there are parameters that are defined for EN-DC mode only. 

Conclusion
We discussed power sharing for EN-DC mode and made 5 proposals:
Proposal 1: Maximum output power what UE will never is exceed is defined as PPower_class, EN-DC= MAX (PPower_class, E-UTRA, PPower_class, NR)

Proposal 2: The inclusion and naming of P_LTE and P_NR are as follows

For LTE: PCMAX_H, EN-DC, E-UTRA = MIN(PCMAX_H, E-UTRA, PLTE,EN-DC) where PLTE,EN-DC is the aforementioned P_LTE

For NR: PCMAX_H, EN-DC, NR = MIN(PCMAX_H, NR, PNR,EN-DCFR1) where PNR,EN-DCFR1 is the aforementioned P_NR for FR1. 

Where PCMAX_H, EN-DC, E-UTRA and PCMAX_H, EN-DC, NR replace the PCMAX_H in 36.101 and 38.101-1 and shall be written to 38.101-3 only.

Proposal 3: For Type 2 UE, no Pcmax_H, EN-DC is defined but maximum combined total power is always limited to PPower_class, EN-DC   

Proposal 4: PCMAX_H, EN-DC for NR and LTE operation for Type 1 UE are defined as follows 
For LTE: PCMAX_H, EN-DC, E-UTRA = MIN(PCMAX_H, E-UTRA, PLTE,EN-DC) 
For NR: PCMAX_H, EN-DC, NR = MIN(PPower_class, EN-DC - PCMAX, EN-DC, E-UTRA, PCMAX_H, NR, PNR,EN-DCFR1) 

Proposal 5: Define Pcmax_L only if there are parameters that are defined for EN-DC mode only.
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