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1 Introduction

In RAN1#79 meeting, DC power control mode 2 in section 5.1.4.2 is agreed in [3].In RAN#66 meeting, section 6.2.5C in [4] was agreed, where Pcmax is defined for synchronized transmissions and asynchronous overlapping transmissions respectively as follows: 

=======================================================

……
The total UE configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H

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. 

When synchronized transmissions occur between cell groups’ uplink serving cells, PCMAX_L and PCMAX_H, are defined in subclause 6.2.5A for carrier aggregation inter-band case.

If the UE is configured in Dual Connectivity and synchronized transmissions of the UE on subframe p for a serving cell in one CG overlaps some portion of the first symbol of the transmission on subframe q +1 for a different serving cell in the other CG, the UE minimum of PCMAX_L between subframes pairs (p, q) and (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, 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 .
The above PCMAX_L   and PCMAX_H bounds are defined as follows.
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)}

where PCMAX_L   and PCMAX_H for each overlapping pairs of subframes (p,q) , (p, q-1), (p-1,q) in the above equations are defined in subclause 6.2.5A for carrier aggregation inter-band case. 
…….
=======================================================
In RAN1#80 meeting, it was debated whether RAN4 assumed the Pcmax of synchronized transmissions can be used when PCM2 is configured, and whether in such case the value of Pcmax can vary within a subframe. The draft LS on Pcmax definition in dual connectivity in synchronized and asynchronous overlapping transmission was treated in [1] to address the following agreements [2]. According to the agreements, the LS will be sent to RAN4 later:

Agreements:
· According to RAN1 previous agreements, it is RAN1’s understanding that UE should use the Pcmax of synchronous transmission defined in TS36.101 when PCM1 is configured and use Pcmax of asynchronous overlapping transmission defined in TS36.101 when PCM2 is configured.  
· Send LS to RAN4 and RAN2 after RAN1 will get feedback from RAN4 related to R1-150936
In this contribution we will further investigate the impact on power allocation of PCM2 in asynchronous overlapping transmission defined in TS36.101, where it is found that the Pcmax may vary within a subframe in a general asynchronous overlapping transmission and lead to the mismatch between RAN1 and RAN4 specifications.
2 Impact on power allocation of PCM2 by the reference subframe in TS36.101
In [4], it was stated that “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.”
“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
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)} ”
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Fig. 1. The Pcmax definition for the reference subframe duration (p) ( p+1) for asynchronous transmissions of UE.
According to [4], for the reference subframe p duration, the Pcmax of the UE is Pcmax_1. For the reference subframe p+1 duration, the Pcmax of the UE is Pcmax_2. According to the Pcmax definition of asynchronous transmission, the Pcmax_1 may be different from Pcmax_2 and may lead to a varying Pcmax within subframe q. 

Observation 1:  When PCM2 is configured and Pcmax of asynchronous overlapping transmission is used， Pcmax of reference subframe p duration can be different from Pcmax of reference subframe p+1 duration, which would lead to varying Pcmax during the subframe q of the non-leading CG.
In [3], the power allocation for PCM2 is shown as follows, 
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Assuming CG2 is leading CG, in the case of asynchronous transmission, the value of  
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 can be changed within one subframe based on observation 1, 
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Fig. 2. The Pcmax definition for the reference subframe duration (i2-1) ( i2) for asynchronous transmissions of UE.
For convenience, the formula above is rewritten as below to be aligned with the description in TS36.101


[image: image5.wmf]SCG

CMAX

MCGCMAXPRACH_MCGSCGPRACH_SCG

PRACH_SCG

ˆ

(2,1),

100

ˆ

ˆ

ˆ

ˆ

ˆ

(2)(2,1)(2)max(1)(1),

ˆ

(11)

Pii

PiPiiPiPiPi

Pi

g

ìü

×

ïï

ïï

ïï

=--+

íý

ïï

+

ïï

ïï

îþ



[image: image6.wmf]MCG

CMAX

SCGCMAXPRACH_sCGMCGPRACH_MCG

PRACH_MCG

ˆ

(1,21),

100

ˆ

ˆ

ˆ

ˆ

ˆ

(1)(1,21)(1)max(21)(21),

ˆ

(2)

Pii

PiPiiPiPiPi

Pi

g

ìü

-×

ïï

ïï

ïï

=----+-

íý

ïï

ïï

ïï

îþ


It is not clear whether the subframe pair stated in [3] is aligned with the subframe pair stated in [4]. One possible interpretation of Pcmax value in the above formula is to use the Pcmax value in the reference subframe in subframe pair, i.e. 
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In asynchronous transmission case, 

When 
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The above problem exists because RAN1 assumes that the power allocation to a CG in a subframe takes a single Pcmax value in the above formulas, while RAN4 may not have a single value defined for non-leading CG.
Observation 2:  When PCM2 is configured and Pcmax of asynchronous overlapping transmission is used， the varying Pcmax in non-leading CG cannot be used in PCM2 directly in RAN1. 

Therefore, we propose:

Proposal 1: Send an LS to RAN4 to clarify the definition of Pcmax in asynchronous overlapping transmission.
In [5], the associated draft LS is provided.
3 Conclusions
In this contribution we investigated the impact by the Pcmax definition specified in RAN4. Based on the analysis we have the following proposals:

Observation 1:  When PCM2 is configured and Pcmax of asynchronous overlapping transmission is used， Pcmax of reference subframe p duration can be different from Pcmax of reference subframe p+1 duration, which would lead to varying Pcmax during the subframe q of the non-leading CG.
Observation 2:  When PCM2 is configured and Pcmax of asynchronous overlapping transmission is used， the varying Pcmax in non-leading CG cannot be used in PCM2 directly in RAN1. 
Proposal 1: Send an LS to RAN4 to clarify the definition of Pcmax in asynchronous overlapping transmission.
References

[1] R1-150935. “Draft LS on Pcmax definition in Dual connectivity in synchronized and unsynchronized transmission”,
Huawei
[2] Chairman’s Notes RAN1 #80

[3] 3GPP TS 36.213 v12.5.0: "Physical layer procedures"
[4] 3GPP TS 36.101v12.6.0: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception" 
[5] R1-153234,  “Draft LS on Pcmax definition of asynchronous overlapping transmissions in DC”, Huawei, HiSilicon
_1492504293.unknown

_1492506132.unknown

_1493232464.unknown

_1493232472.unknown

_1492863595.unknown

_1492863596.unknown

_1492506300.unknown

_1492506069.unknown

_1492506114.unknown

_1492506051.unknown

_1492502741.vsd
Text


SCG


MCG


slot2


slot1


slot2


slot1


slot2


slot1


subframe p


subframe q-1


subframe q


slot2


slot1


subframe p+1


Subframe p is the reference subframe for subframe pair(p,q)


Pcmax_1


Pcmax_2


slot2


slot1


subframe q+1



_1492504192.vsd
Text


SCG


MCG


slot2


slot1


slot2


slot1


slot2


slot1


subframe i2-1


subframe i1-1


subframe i1


slot2


slot1


Subframe i2


Subframe i2-1 is the reference subframe for subframe pair(i2-1,i1)


Pcmax_1


Pcmax_2


slot2


slot1


subframe i1+1



_1482166616.unknown

