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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 propose a text clarification for 36.101 specification along with a LS reply.
2. Discussion
In the last RAN4 ordinary meeting in Anaheim, there we proposals for 36.101 changes to subclause 6.2.5C in order to remove the misalignment with physical layer specification 36.213 for the asynchronous scenario, known as Mode 2 power allocation in RAN1.

No agreement so far on an appropriate text yet, however it was understood that changes to RAN4 specification rather than RAN1 were preferred by the interested companies.

There were two proposed versions for changes, in [2] and [3]. We will discuss first the changes proposed in [2] and their consequences for the overall integrity of the requirement.

The main concept proposed in [2] was to have a unified Pcmax (p,q) defined for single pairs and then the overlap, similar to synchronous scenario to be capped at PpowerClass, still Pumax being measured against a 2 way overlap over the reference subframe duration.

The problems we are seeing with this proposal are related to the PpowerClass cap and the Pumax measurement.

First, capping the power to PpowerClass is leading clearly to a loss of generality for Dual Connectivity where the upper bound Pcmax_H can be less than PpowerClass.

Here is a very simple numerical example where any parameter not mention is considered 0mW:
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Subframe p : A-MPR = 5 (ex NS_04 conditions) Pemax = 20 

Pcmax_L, 1, (p) = 18 = 63.08mW, Pcmax_H, 1, (p)  = 20 = 100mW

Subframe q-1: MPR = 8 (non-contiguous) DTc = 1,5 Pemax = 18 

Pcmax_L, 2 (q-1) = 15.5 = 35.48mW , Pcmax_H, 2 (q-1)  = 18 = 63.08mW

Subframe q: MPR = 3 (contiguous) DTc = 0 Pemax = 18 so, 

Pcmax_L, 2 (q)  = 18 Pcmax_H, 2 (q)   = 18

Subframe p+1: MPR =3  Pemax = 20 

Pcmax_L, 1, (p+1)  = 20 = 100mW, Pcmax_H, 1, (p+1)  = 20 = 100mW

Assumption: let's take the Pcmax,c worst case - thus maximum back off defined above

Single Pair (p,q):

Pcmax_pair_L(p,q) = min 10xlog[(63.08 + 63.08), 200mW] = 10xlog (126.16mW) = 21dBm
Pcmax_pair_H(p,q) = min 10xlog [(100 + 63.08), 200mW] = 10xlog (163.08mW) = 22.1dBm

Single Pair (p,q-1):

Pcmax_pair_L(p,q-1) = min 10xlog[(63.08 + 35.48), 200mW] = 10xlog (98.56) = 19.9dBm
Pcmax_pair_H(p,q-1) = min 10xlog [(100 + 63.08), 200mW] = 10xlog (163.08mW) = 22.1dBm

If we take the current 2 way overlap (with subframe p leading in time) with (p, q) and (p, q-1) pairs in account we will have the following bounds according to the above computed values 
Pcmax_L(p,q) = 19.9dBm

Pcmax_H(p,q) = 22.1dBm

Pumax tolarances would be: TLOW = 5dB and THIGH= 2 dB respectively
While according to proposed solution in [2],

Pcmax_L(p,q) = 21dBm
Pcmax_H(p,q) = 22.1

Pumax tolarances would be: TLOW = 6 dB and THIGH= 2 dB respectively
So, definitely the Pcmax_H can be lower than PpowerClas and the power reservation which is a ratio per CG is defined against Pcmax per UE which may be  lower than PowerClass. Thus capping at PpowerClass is not a preferred solution.

The above example is also showing different tolerances for solution presented in solution [2]. We should be consistent even though the measurements tolerances may lead to close results in the above example.
However we believe that it is more important and preferable to have the two way overlap considered in order to have enough room to adjust the configured power for both subframes q and q-1 while overlapping subframe p.
We can make the following four observations:

1. Pcmax_H can be lower than PpowerClass. 
2. Pcmax_L for the two way overlap, considered for Pumax measurement, is different than single pair overlap in this example and thus tolerances are different than the single pair proposed solution in [2].
3. Since Pcmax_H is not 23dBm in the above example, the overlap cap must be set to Pcmax_H and not to 23dB as proposed in [2].

4. The power reservation ratio per CG it is made against a maximum of Pcmax_H (here in the above example 22.1dBm) and we should not cap the overlap at 23dBm as proposed in [2] and be consistent with the real values used for allocation and Pumax measurement requirements.
In the above example, subframe q on CG2, which is a non-reference subframe, has its own legitimate power set on CG2 and will not change at the border of p/p+1 subframes. 

In the end, we can state that when subframe q on CG2 starts, the valid Pcmax per UE is the one already known and ongoing for the 2 way overlap, and it is the value to be applied.
Thus we can make the following observations regarding solution proposed in [2]:

Observation 1: In Dual Connectivity Pcmax_H can be lower than PpowerClass in asynchronous scenario and thus we have to maintain its generality. 
Observation 2: Pcmax_L for the two way overlap, considered for Pumax measurement, can be different than the proposed single pair overlap and thus the tolerances will not be consistent with the Pcmax resulted from a single pair calculation.

Observation 3: Since Pcmax_H may be lower than 23dBm it is incorrect to cap the overlap to 23dBm in asynchronous scenario. 
Based on the above analysis we propose to maintain the two way overlap for Pcmax calculation presently used in the specification, and make the necessary clarifications in order to adapt the terminology of the RAN4 and RAN1 specification by adding indexes and better explain the applicability of the current RAN4 specification.

Proposal 1: Maintain the 2 way overlap for Pcmax calculation presently used in the specification, and make the necessary clarifications in order to adapt the terminology of 36.101 to 36.213.
In our proposed changes we added indexes for subframes pairs and CGs and we introduced the PCMAX_Pair_L and PCMAX_Pair_H_ notations in order to remove any ambiguity for PCMAX_L (p,q)   and 

PCMAX_H (p,q)   calculation in 36.101, matching the 36.213 notation. 
Proposal 2: Approve the following proposed changes:

===========================Start of Changes=====================================

6.2.5C
Configured transmitted power for Dual Connectivity

For inter-band dual connectivity deployment with one uplink serving cell per CG, the UE is allowed to set its configured maximum output power PCMAX,c,(i ),i for each serving cell c(i) of CG i, where i is in the set {1,2}, and its total configured maximum output power PCMAX (p,q) for a pair of subframes (p,q)
The configured maximum output power PCMAX,c(i),i (p) in a subframe p of a serving cell c(i) on cell group i shall be set within the following bounds for both synchronous and asynchronous scenarios:


PCMAX_L,c(i),i (p) ≤  PCMAX,c(i), i (p) ≤  PCMAX_H,c(i),i (p)
(1)

where PCMAX_L,c(i),i (p) = PCMAX_L c(i) and PCMAX_H,c(i),i (p) = PCMAX_H,c(i), PCMAX_L,c(i) and PCMAX_H,c(i) being the limits for serving cell c(i) as specified in subclause 6.2.5.


The total UE configured maximum output power for a pair of overlapping subframes p on CG1 and q on CG2 PCMAX_(p,q) shall be set within the following bounds:


PCMAX_L (p,q)   ≤  PCMAX  (p,q)   ≤  PCMAX_H (p,q)  
(2)
The lower and upper bounds for a pair of subframes (p,q) are defined as follows:
PCMAX_Pair_L (p,q) = MIN {10 log10 [pCMAX_L,c(1),1 (p) + pCMAX_L,c(2),2 (q)], PPowerClass}
(3)
PCMAX_Pair_H (p,q) = MIN {10 log10 [pCMAX_H,c(1),1 (p) + pCMAX_H,c(2),2 (q)], PPowerClass}
(4)
where pCMAX_L,c(i),i is pCMAX_H,c(i),i are the respective limits PCMAX_L,c(i),i (p) and PCMAX_H,c(i),i (p) expressed in linear scale.
If the UE is configured in Dual Connectivity, the subframes in one CG that overlap with subframes in another CG in their respective slot 1 shall be paired together between CGs for both synchronous and asynchronous scenarios. 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 the UE is configured with Dual Connectivity and synchronous transmissions of the UE during the reference subframe p for a serving cell in one CG overlaps some portion of the last symbol of the transmission on subframe q - 1 for a different serving cell in the other CG then
PCMAX_L (p,q)   = PCMAX_Pair_L (p,q)   
PCMAX_H (p,q)  = PCMAX_Pair_H (p,q)
is the valid range for the reference subframe p duration, while the UE minimum of PCMAX_L between subframes pairs PCMAX_Pair_L (p, q) and PCMAX_Pair_L (p -1, q -1) respectively applies for any overlapping portion of subframes (p, q) and (p - 1, q - 1). PPowerClass shall not be exceeded by the UE during any period of time.

When asynchronous overlapping transmissions occur and 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 (p,q)  definition i.e. for deriving the values of PCMAX_L(p,q)    and PCMAX_H (p,q)   over the reference subframe p duration .

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

The above PCMAX_L (p,q)   and PCMAX_H(p,q)   bounds for the asynchronous scenario are calculated by taking in consideration the overlapping subframes with the reference subframe and are defined as follows:
For the reference subframe p duration (when subframe p in MCG leads) PCMAX(p,q)  has the following bounds:

PCMAX_L  (p,q)  = MIN { PCMAX_Pair_L (p,q) , PCMAX_Pair_L (p,q-1)}
(5)
PCMAX_H (p,q)  = MAX { PCMAX_Pair_H (p,q) , PCMAX_Pair_H (p,q-1)}
(6)
For the reference subframe q duration (when subframe q in SCG leads) PCMAX(p,q)   has the following bounds:

PCMAX_L  (p,q)  = MIN { PCMAX_Pair_L (p-1,q) , PCMAX_Pair_L (p,q)}
(7)
PCMAX_H  (p,q) = MAX { PCMAX_Pair_H (p-1,q) , PCMAX_Pair_H (p,q)}
(8)
The applicable Pcmax range per UE for a non-reference subframe in asynchronous scenario is the valid Pcmax value of the ongoing reference subframe at the start of the non-reference subframe.



The UE total measured configured maximum output power PUMAX is measured during a reference subframe p (or q) period for both synchronous and asynchronous scenarios over all serving cells of both defined CGs and is defined as follows:



PCMAX_L(p,q)   –  TLOW [PCMAX_L(p,q) ]  ≤  PUMAX  ≤  PCMAX_H(p,q)  + THIGH [PCMAX_H(p,q) ]
Where PCMAX_L (p,q) and PCMAX_H(p,q)  are defined for the reference subframe duration as described in the above paragraphs for synchronous and asynchronous scenarios pairs respectively.

The tolerance T(PCMAX) is defined by the table below and applies to PCMAX_L and PCMAX_H separately.

Table 6.2.5x-1: PCMAX tolerance for inter-band Dual Connectivity

	PCMAX(dBm)
	Tolerance 
TLOW(PCMAX_L  )(dB)
	Tolerance 
THIGH ( PCMAX_H )(dB)

	PCMAX = 23
	3.0
	2.0

	22 ≤PCMAX,< 23
	5.0
	2.0

	21 ≤ PCMAX< 22
	5.0
	3.0

	20 ≤ PCMAX, < 21
	6.0
	4.0

	16 ≤ PCMAX < 20
	5.0

	11 ≤ PCMAX, < 16
	6.0

	-40 ≤ PCMAX < 11
	7.0


===========================End of Changes=====================================

3. RAN1 LS 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 4: 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 5: 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. Also, starving a CG allocated power means a poor network deployment.
Observation 6:  Pcmax for the subsequent p+1 reference subframe cannot be lower than ongoing Pcmax,c of the q non-reference subframe.

Proposal 3: Approve the following text LS reply to RAN1.
3.1 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 Pcmax of a non-reference subframe does not change at the border of 2 reference subframe. The value of Pcmax per UE to use for the calculation of powers of a CG in a non-reference subframe is the Pcmax per UE value applicable to the reference subframe duration that is on-going at the start of the non-reference subframe. 
RAN4 would like also to mention that changes have been made in subclause 6.2.5C of TS36.101 in order to clarify and resolve the misalignment between specifications.

5. Conclusion

In this contribution we discussed the issues raised by the LS received from RAN1 in [1] proposed 2 compromise solutions and suggested a draft text for the RAN4 LS reply.
The following observations have been made:

Observation 1: In Dual Connectivity Pcmax_H can be lowewr than PpowerClass in asynchronous scenario and thus we have to maintain its generality. 
Observation 2: Pcmax_L for the two way overlap, considered for Pumax measurement, can be different than the proposed single pair overlap and thus the tolerances will not be consistent with the Pcmax resulted from a single pair calculation.

Observation 3: Since Pcmax_H may be lower than 23dBm it is incorrect to cap the overlap to 23dBm in asynchronous scenario. 
Observation 4: 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 5: 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 6:  Pcmax for the subsequent p+1 reference subframe cannot be lower than ongoing Pcmax,c of the q non-reference subframe.

The following proposals have been made:

Proposal 1: Maintain the 2 way overlap for Pcmax calculation presently used in the specification, and make the necessary clarifications in order to adapt the terminology of 36.101 to 36.213.
Proposal 2: Approve the proposed changes for the 6.2.5C subclause as per this contribution.

Proposal 3: Approve the suggested text for the LS reply to RAN1.
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