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1. Introduction
A WF has been agreed in RAN plenary [1], and it has been agreed to start with the already endorsed CR [2] and to continue improving the requirement. The idea was to prevent unnecessary dropping of NR when there is ‘real’ power left from LTE UL. 
2. Discussion

2.1. The IF condition
In [2], the below IF condition has been agreed to. 
Agreement:

If 10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)] > MIN { PEMAX, EN-DC ,PPowerClass, EN-DC} 
Then 

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}                  
                        Else

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}
In the above condition, the lower limits of PCmax for both LTE and NR are used. Consider a case when AMPR is applicable for each of LTE and NR. In that case the maximum AMPR allowed will be chosen for each of the technologies to evaluate the above in-equality. In real implementation, however, the maximum allowed MPR and AMPR might not be fully applied. In case when the UE design is optimized for these cases and a smaller AMPR or/and MPR are used, though the above condition could be met with the ‘L’ limits, it could fail with the real configured max powers. 
For example, in the table below the maximum allowed AMPR for LTE and NR is 3 dB each. But in the real implementation, UE only needs 1 dB for LTE and 1 dB for NR. If the maximum allowed AMPR were used then the above IF condition would be met but when the real backoffs are used then the sum of the two configured powers is greater than that of the power class. So, the result of the IF condition would be different when computed per the equation and in real implementation. 
Now, in real UE implementation, the total configured power will be 25 dBm which is greater than the UE power class, which is 23 dBm. So, UE could back off NR.  When 1 dB MPR+AMPR is used for LTE then the amount of backoff needed for NR is 6.9 dB to ensure that the total power is lower than the power class. Since 6.9 dB is more than the allowed values of ‘X’ which are [0, 2, 4 or 6], UE is allowed to drop NR. 
Problem: If UE drops NR then the total power will be 22 dBm while the lower limit is 23 dBm. So, UE will fail the test for PUmax. The only way for the total configured power to be greater than the lower limit is when the UE uses the maximum allowed MPR and AMPR for LTE and NR in real implementation. 
	 
	AMPR allowed
	PCL
	AMPR Used
	Configured PC max
	After dropping NR

	LTE
	3
	20
	1
	22
	22

	NR
	3
	20
	1
	22
	

	Total power
	 
	23
	 
	25
	22

	IF condition
	 
	<23 (PASS)
	 
	>23 (FAIL)
	Lower than lower limit


Question 1: This raises a question as to whether in a standalone LTE implementation, UE could use the desired AMPR and in the presence of NR and when it is in headroom limited region, UE could back off more to use the maximum allowed AMPR?

Since NR and LTE are a-synchronous to each other in EN-DC application, it could be that LTE starts early and NR much later. At the beginning of LTE subframe, UE would have no idea of when and what the NR power would be. So, changing the AMPR value LTE power in the middle of the subframe would result in a phase and power discontinuity in the middle of the LTE subframe. Hence, UE can use only 1 value of AMPR +MPR for LTE. 

Question 2: Can UEs only use the maximum allowed AMPR? 

This will imply that all the HW optimizations done till date to use less of MPR +AMPR will go in vain. In the stand-alone LTE or NR cases as well, the maximum backoff needs to be applied. This will result in a reduced coverage for these scenarios in standalone LTE. It will be retrogressing the progress done so far for LTE. 
Proposal 1: The real configured maximum powers should be used in the IF conditions instead of the lower limits of PCmax. 

If 10 log10 [pCMAX _ E-UTRA,c (p) + pCMAX f,c,,NR c(q)] > MIN { PEMAX, EN-DC ,PPowerClass, EN-DC} 
2.2. Incorporating additional back-off and conditions for dropping NR 
In [1], it has been agreed that if the above IF condition is not met, NR could be backed off by ‘X’dB to check if the condition can be met. Below is the agreement. 

Agreement: 

· The following conditions should be used when improving the RAN4 Inter-band EN-DC Configured Output Power requirements:
· UE is allowed to drop NR only if the power scaling applied to NR means that the difference between scaled and unscaled NR UL power is more than XdB. In other cases the UE does power scaling of NR UL.
· X dB is RRC configured parameter with 4 fixed values and X is [0, 2, 4 or 6] dB. The UE has to be able to support all these 4 configurable X values.
· This threshold X dB does not limit the UE performance but only defines the UE minimum performance (i.e. UE can perform better than the minimum performance)
This implies that UE must check two conditions at every evaluation period:
1. If the condition is met without any additional backoff of NR 

2. If the condition is met with the additional backoff of NR

This further implies that there are three possibilities for the lower limit. 

Proposal 2: 

a=10 log10 [PCMAX_ E-UTRA,c (p) +PCMAX,f,c,NR (q) ] > MIN { PEMAX, EN-DC ,PPowerClass, EN-DC}

b=If 10 log10 [PCMAX_ E-UTRA,c (p) +PCMAX,f,c,NR (q) /∆ ] > MIN { PEMAX, EN-DC ,PPowerClass, EN-DC}
If ~ a


PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}
ELSE If a & (~b)


 PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q) /∆ ], PEMAX, EN-DC ,PPowerClass, EN-DC}
ELSE [If b]

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}
In the above proposal, a and b are the two checks performed. And ∆ in the above equations is the linear value of the ‘X’dB backoff. 
In both the conditions ‘a’ and ‘b’, the real configured max powers are used instead of the respective lower limits. 

1. If condition a is NOT met then it implies that sum of the configured max powers is lower than the power class. So both LTE and NR can be transmitted at the respective configured max powers. 

2. If the condition a is met but not b, then it implies that the sum of configured max powers is greater than the power class but when NR is backed off by ‘x’ dB then conditions are met. So NR lower limit in this case will also need to be backed off by ‘x’ dB before its added to that of LTE. 
3. If the condition b is met, then it implies that even after backing off of NR power by allowed ‘x’ dB, the sum of both LTE and NR backed off powers is still greater then the power class of the UE. In this case, UE is allowed to drop NR. 

Note: Please note that the real configured powers for LTE and NR are used ONLY in the IF conditions and the individual lower limits are used when deriving the over all lower limit. 

2.3. Redundant ‘OR’

Lastly, we noticed a redundant OR condition in the below agreement. The portion of the agreement after OR is implied as a part of the equation itself. 

Agreement: 

While PCMAX_L is computed as follows:

           PCMAX_L = MIN { PCMAX_ EN-DC _L (p,q) , PCMAX_ EN-DC _L (p,q+1), … , PCMAX_ EN-DC _L (p,q+n)}
where PCMAX_ EN-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 slot overlapping with LTE subframe p,
Or

PCMAX_L = PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}

for any overlapping slots q, based on the PCMAX_ EN-DC _L selection procedure described above.
Proposal 3: 

While PCMAX_L is computed as follows:

           PCMAX_L = MIN { PCMAX_ EN-DC _L (p,q) , PCMAX_ EN-DC _L (p,q+1), … , PCMAX_ EN-DC _L (p,q+n)}
where PCMAX_ EN-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 slot overlapping with LTE subframe p,
Or

PCMAX_L = PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}

for any overlapping slots q, based on the PCMAX_ EN-DC _L selection procedure described above.
3. Conclusion

In this paper, the issues with the endorsed CR have been discussed along with the RAN plenary agreements. Three proposals are made to figure out the lower limits for the over all PCmax for EN-DC application. 
Proposal 1 uses the real configured max power in the IF condition instead of the lower limit to be consistent with real world implementation. 

Proposal 2 defines three regions for the possible over all PCmax lower limit. This is to incorporate the RAN plenary agreement to allow to back off NR. 

Proposal 3 is a clean up of the redundant OR condition in [2].
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