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1 Introduction

The LS on Pcmax definition of asynchronous overlapping transmissions sent by RAN1 [1] ask the following questions:
“In the Pcmax definition in for asynchronous overlapping transmission, the following was mentioned:

When asynchronous overlapping transmissions occur, the leading CG is always taken as reference subframe i.e. whose subframe leads in time compared to the other subframe in the subframe pair. The reference subframe is the subframe where the calculated per UE PCMAX is applied by the UE. If subframe p and subframe q are the subframe pair (p,q) between MCG and SCG respectively, then
1. if MCG leads, the (p,q) and (p,q-1) pairs are considered for PCMAX definition i.e. for deriving the values of PCMAX_L   and PCMAX_H  .

2. if SCG leads, the (p-1,q) and (p,q) pairs are considered for PCMAX definition i.e. for deriving the values of PCMAX_L   and PCMAX_H .
For the reference subframe p duration (when subframe p in MCG leads):

PCMAX_L   = MIN {PCMAX_L   (p,q) , PCMAX_L  (p,q-1)}

PCMAX_H  = MAX {PCMAX_H   (p,q) , PCMAX_H  (p,q-1)}

For the reference subframe q duration (when subframe q in SCG leads):

PCMAX_L   = MIN {PCMAX_L   (p-1,q) , PCMAX_L  (p,q)}

PCMAX_H  = MAX {PCMAX_H   (p-1,q) , PCMAX_H  (p,q)}

RAN1 would like to note that for the UL power determination, RAN1 has agreed that power control changes are not allowed for one channel on one carrier in the middle of subframe in asynchronous case in dual connectivity (i.e., Power of on-going transmission is not adjusted), and RAN1 uses single Pcmax value for a given subframe in a given CG when calculating power allocation according to PCM2. 

RAN1 would like to ask whether it is RAN4’s understanding that Pcmax of non-reference subframe q in TS36.101 could vary between the reference subframe p duration and the reference subframe p+1 duration in case 1, and Pcmax of non-reference subframe p could vary between the reference subframe q duration and the reference subframe q+1 duration in case 2. If yes, RAN1 asks RAN4 to provide a value of Pcmax that is used to calculate power allocation for a non-reference subframe for a CG.”

In this contribution, we will try to clarify the issues raised by RAN1 and suggest a solution that we will outline in accompanying LS reply.

2 Discussion

2.1 The Pcmax definition for DC - fundamentals

First we will outline a principles that stood as foundation for the asynchronous Pcmax definition in RAN4:
1. On each CG the legacy Pcmax, c per carrier is used as per subclause 6.2.5 of 36.101 . This is pure legacy operation on each carrier on each CG, no matter what the timing difference of the 2 CGs is. That means the Pcmax,c range in a CG don’t change during a CG subframe duration.
2. Between the paired subframes (p,q), (p,q-1), (p-1,q) inter-band carrier aggregation is used as per legacy rules specified in 6.2.5A of 36.101.
3. The reference subframe has been defined in order to ensure a subframe operation granularity that would help in the following situations:
a. The unambiguous definition of the guaranteed power defined in RAN1 specification which has to be applied against a unique value Pcmax per UE in order to derive the correct values to be applied in the power allocation formulas in RAN1 specification 36.213.
b. Ensures testability against a clear Pcmax per UE range in a specific time unit of 1ms.
c. Maximize the overlapping time of the reference subframe related pair.
4. Flexibility of this minimum requirement in terms of UE implementation.
We would like to emphasize the fact that Pcmax,c and Pcmax per UE are maximum allowed power and represent the power ceiling the UE is allowed to use in order to respect the emissions requirements in all situations.

When the UE sets its power at the Pcmax level, it is said to be in a power limited mode where scaling may be required.

Thus this Pcmax per UE have to be unambiguously defined in order to allow for a UE to operate correctly its power control parameters.
2.2 RAN1 statements and question 
RAN1 LS states that:
“RAN1 would like to note that for the UL power determination, RAN1 has agreed that power control changes are not allowed for one channel on one carrier in the middle of subframe in asynchronous case in dual connectivity (i.e., Power of on-going transmission is not adjusted), and RAN1 uses single Pcmax value for a given subframe in a given CG when calculating power allocation according to PCM2. “
Observation 1: The statement” power control changes are not allowed for one channel on one carrier in the middle of subframe” is correct and this is what the legacy Pcmax,c per carrier/per CG applicability in RAN4 DC related specification means.
The above observation is also reflected in the Pcmax per UE definition. Below we will show a simple analysis that will back the above observation:

If subframe p is leading, then the pairs used for Pcmax per UE are (p.q) and (p, q-1).
For p+1 subframe we will have (p+1, q+1) and (p+1, q) as pairs used for Pcmax per UE.
It can be observed that subframe q related Pcmax,c range will be taken in consideration in the following p+1 reference subframe Pcmax calculation as well. That simply says that subframe q related parameters will be preserved, meaning there is no change for its ongoing transmission in terms of Pcmax,c range. 
Observation 2: Pcmax,c for a non-reference subframe don’t change at the border of the reference subframe timing. As per current requirement in 6.2.5C in 36.101, the Pcmax to use for the calculation of the powers in a non-reference subframe is the Pcmax value applicable to the reference subframe that is ongoing at the start of the non-reference subframe.
Also, the Pcmax for p+1 reference subframe cannot be lower than the ongoing transmission of the q subframe due to the inter-band CA formula that does not allow this situation which is applicable for the (p+1, q) pair.

Even if Pcmax decreases in the next reference subframe p+1, there is no need to change the power of the non-reference subframe q which has a valid power transmission already. An eventual Pcmax decrease will never go below the power already allocated of the ongoing transmission of the CG in the non-reference subframe.
Observation 3:  Pcmax for the subsequent p+1 reference subframe cannot be lower than ongoing Pcmax,c of the q non-reference subframe.

2.3 RAN1 specification misalignment issue discussion
Indeed there is a misalignment between 36.101 and 36.213 specifications, due to the use of pairs instead of reference subframe Pcmax per UE that accounts for overlapping subframes between CGs.
Thus we reiterate that a simple fix in 36.213 will resolve the misalignment as suggested in our previous papers from the past meetings.

 We suggested a fix in 36.213 in the previous RAN1 meetings in [2] that we believe is resolving the misalignment between the specifications. We are showing below these changes for convenience.
=======================================Start=======================================

5.1.4.2
Dual connectivity power control Mode 2
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of CG1 according to [6];
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2.4 LS reply suggested text
For the LS reply we suggest the following answer:

“RAN1 would like to note that for the UL power determination, RAN1 has agreed that power control changes are not allowed for one channel on one carrier in the middle of subframe in asynchronous case in dual connectivity (i.e., Power of on-going transmission is not adjusted), and RAN1 uses single Pcmax value for a given subframe in a given CG when calculating power allocation according to PCM2.”

RAN4 answer: 
The statement” power control changes are not allowed for one channel on one carrier in the middle of subframe” is correct and this is what the legacy Pcmax,c per carrier/per CG applicability in RAN4 DC related specification means.
“RAN1 would like to ask whether it is RAN4’s understanding that Pcmax of non-reference subframe q in TS36.101 could vary between the reference subframe p duration and the reference subframe p+1 duration in case 1, and Pcmax of non-reference subframe p could vary between the reference subframe q duration and the reference subframe q+1 duration in case 2. If yes, RAN1 asks RAN4 to provide a value of Pcmax that is used to calculate power allocation for a non-reference subframe for a CG.”
RAN4 answer: 
The value of Pcmax to use for the calculation of powers of a CG in a non-reference subframe is the Pcmax value applicable to the reference subframe that is on-going at the start of the non-reference subframe.
3 Conclusion
In this contribution we discussed the issues raised by the LS received from RAN1 in [1] and suggested an answer for the RAN4 LS reply.

The following observations have been made:

Observation 1: The statement” power control changes are not allowed for one channel on one carrier in the middle of subframe” is correct and this is what the legacy Pcmax,c per carrier/per CG applicability in RAN4 DC related specification means.

Observation 2: Pcmax,c for a non-reference subframe don’t change at the border of the reference subframe timing. As per current requirement in 6.2.5C in 36.101, the Pcmax to use for the calculation of the powers in a non-reference subframe is the Pcmax value applicable to the reference subframe that is ongoing at the start of the non-reference subframe.

Observation 3:  Pcmax for the subsequent p+1 reference subframe cannot be lower than ongoing Pcmax,c of the q subframe.

Also, a suggested LS reply text has been outlined in section 2.4 of this paper.
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