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Introduction

The need for testing EN-DC power sharing has been discussed among RAN1, RAN4 and RAN plenary in the past several meetings. Owing to the lacking of the intended power sharing requirement in TS 38.101-3 [1] as alluded in [2] and the testability challenge as brought up in [3] where the PCMAX values are only internally configured by UE but not observable externally, an agreeable test approach has not be identified [4]. To mitigate the PCMAX uncertainty issue, using PLTE and PNR to confine the maximum output power for power sharing verification has been considered [3, 5]. In this contribution, we share our view on how PLTE, PNR, and  can be defined with numerical examples for the PUMAX passing criteria to illustrate the feasibility of testing EN-DC power sharing.                       
                
Discussion

The issue with EN-DC PCMAX definition in TS 38.101-3 for not being able to effectively testing power sharing can be realized by the uncertainty of maximum output power configured inside the UE which is not observable externally. For example, if maximum 3dB power back-off is allowed for the E-UTRA band in an EN-DC combination, the UE can potentially configure its E-UTRA maximum output power (PCMAX_E-UTRA) at any value in the following range,

PPowerClass – 3dB ≤ PCMAX_E-UTRA ≤ PPowerClass

If  = PPowerClass = 23 dBm is assumed, with power sharing, numerically it can be observed that PCMAX_NR could possibly range from 20 dBm down to no output power transmitted (NR being dropped), as is shown in Figure 2-1.



Figure 2-1 Allowed NR PCMAX power range under EN-DC power sharing with PCMAX,L,E-UTRA = 20 dBm
In terms of measurement parameter, PUMAX, the passing criteria for both E-UTRA and NR would then be as shown below,

17.5 dBm < PUMAX,E-UTRA < 25 dBm

-∞ < PUMAX,NR < 22.5 dBm

[bookmark: _GoBack]by taking into account the PCMAX tolerances. It is apparent that such unbounded PUMAX,NR range would not be able to effectively verify whether UE is truly performing power sharing or not.   

To mitigate the PCMAX uncertainty issue, using PLTE and PNR to limit PCMAX to a fixed value lower than PPowerClass for power sharing verification has been considered [3, 5]. However, how to configure the PLTE and PNR values has not been clearly defined. In our view, if PLTE, PNR, and  values can be properly selected, it is fairly feasible to effectively verify the power sharing.

In principle, PLTE and PNR can be configured to any value equal or below PCMAX,L to avoid the uncertainty. However, lowering PCMAX value would allow larger tolerance in PUMAX which might potentially obscure the power sharing verification. Therefore, we propose the following principles on how to configure the PLTE, PNR, and  for power sharing verifications which are separated into two steps.

Step 1

1. If PCMAX,L is less than PPowerClass, set PLTE and PNR at their corresponding PCMAX,L
2. If PCMAX,L is equal to PPowerClass (no power back-off allowed), set PLTE and PNR at PPowerClass - 1dB
3. If  ≥ PPowerClass, set  = PPowerClass  
4. If  < PPowerClass, set  =  - 1dB 

Step 2

1. If PCMAX,L is less than PPowerClass, set PLTE = PCMAX,L,E-UTRA – 3dB and PNR = PCMAX,L
2. If PCMAX,L is equal to PPowerClass (no power back-off allowed), set PLTE = PPowerClass - 3dB and PNR = PPowerClass - 1dB
3. If  ≥ PPowerClass, set  = PPowerClass
4. If  < PPowerClass, set  =  - 1dB 

Based on the above proposed principles, the numerical examples for the two step power sharing verifications are summarized in Table 2-1 and Table 2-2, respectively.

	PCMAX,L,E-UTRA = 21 dBm, PCMAX,L,NR = 21 dBm; PLTE = 21 dBm, PNR = 21 dBm;  = 23 dBm

	E-UTRA PUMAX Passing Criteria
	NR PUMAX Passing Criteria

	19 dBm ≤ PUMAX ≤ 23 dBm
	14.7 dBm ≤ PUMAX ≤ 22.7 dBm


  
Table 2-1 Proposed PCMAX configurations for Step 1 power sharing verification 

	PCMAX,L,E-UTRA = 22 dBm, PCMAX,L,NR = 22 dBm; PLTE = 19 dBm, PNR = 22 dBm;  = 23 dBm

	E-UTRA PUMAX Passing Criteria
	NR PUMAX Passing Criteria

	15.5 dBm ≤ PUMAX ≤ 22.5 dBm
	18.3 dBm ≤ PUMAX ≤ 23.3 dBm



Table 2-2 Proposed PCMAX configurations for Step 2 power sharing verification
In our view, measuring PUMAX separately for E-UTRA and NR carriers is sufficient to verify the power sharing. The PUMAX,EN-DC can be obtained by summing up PUMAX,E-UTRA and PUMAX,NR. However, the PUMAX,EN-DC tolerance may need to be scaled up slightly based on the tolerance of each individual carrier. On the other hand, in current TS 38.101-3, Xcale has been defined to describe the NR dropping criteria. We do not think it is necessary to verify the Xcale nor NR dropping as it does not effectively prove the power sharing.

Based on the above assessment, we come up with the following proposals for EN-DC power sharing verification.

Proposal 1: Perform two step verifications based on the principles described above. The numerical examples can be used as a reference to define the passing requirements.

Proposal 2: It is sufficient to measure PUMAX and for E-UTRA and NR carriers separately.

Proposal 3: It is not necessary to verify Xcale nor NR dropping as it does not effectively prove power sharing.        
   
Conclusion

In this contribution, we share our view on how PLTE, PNR, and  can be defined with numerical examples for the PUMAX passing criteria to illustrate the feasibility of testing EN-DC power sharing.     
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