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1. Introduction 
In small cell enhancement, one of the most important features that need to be discussed and specified is the dual connectivity.  Dual connectivity mean the UE has the capability to connect to two eNBs at the same time and therefore make the system more robust and flexible to handle issues such as offloading, mobility, handover etc  in small cell deployment. 
RAN1 discussed the operation to support dual connectivity in RAN1 #76bis meeting and the following conclusions were drawn. 

Agreements:
· With the agreement in RAN1 #76, following UCI feedback mechanisms are supported in Rel-12 dual connectivity
· In dual connectivity, UEs feedback UCI (SR, HARQ-ACK, CSI) related to MCG to MeNB only
· In dual connectivity, UEs feedback UCI (SR, HARQ-ACK, CSI) related to SCG to SeNB only
· For each UCI feedback, non-dual connectivity based UCI feedback mechanisms using PUCCH/PUSCH are applied within each cell group
· In dual connectivity, in MCG, PUCCH for MCG is supported in Pcell only, while PUCCH for SCG is supported in pSCell only
RAN1 also spent some time to discuss maximum power definition in dual connectivity as raised by [1] especially for the scenario that uplink transmission to MeNB and SeNB are not synchronized.  In the end, the following conclusion was drawn as the working assumption. 

Working assumption:
· Power control changes are not allowed one carrier in the middle of subframe in asynchronous case in dual connectivity

 An offline discussion was conducted during RAN1 76bis meeting to clarify a number of issues and collect the opinions from interested companies with respect to uplink transmit power control (TPC) for dual connectivity. This discussion was continued after the meeting and the opinions/views were summarized in [2]. 
 In this contribution, we present some proposals/considerations on TPC for dual connectivity with the goal of setting some rules not only for dual connectivity but also for forward compatibility. 

2. UL Power Control for Dual Connectivity
Uplink power control was introduced in Re-10 for CA when there are multiple uplink transmissions of PDCCH, PUSCH on the same or different carriers (cells) and the total power could exceed the maximum transmit power Pcmax.  The following principles to prioritize channels and scale transmit power are captured in 36.213 and are quoted here for the convenience of reference. 

If the total transmit power of the UE would exceed 
[image: image1.wmf])

(

ˆ

i

P

CMAX

, the UE scales 
[image: image2.wmf])

(

ˆ

,

PUSCH

i

P

c

for the serving cell 
[image: image3.wmf]c

 in subframe i such that the condition


[image: image4.wmf](

)

)

(

ˆ

)

(

ˆ

)

(

ˆ

)

(

PUCCH

CMAX

,

PUSCH

i

P

i

P

i

P

i

w

c

c

-

£

×

å


is satisfied where 
[image: image5.wmf])

(

ˆ

PUCCH

i

P

 is the linear value of 
[image: image6.wmf])

(

PUCCH

i

P

, 
[image: image7.wmf])

(

ˆ

,

PUSCH

i

P

c

 is the linear value of 
[image: image8.wmf])

(

,

PUSCH

i

P

c

, 
[image: image9.wmf])

(

ˆ

i

P

CMAX

 is the linear value of the UE total configured maximum output power 
[image: image10.wmf]CMAX

P

 defined in [6] in subframe i and
[image: image11.wmf])

(

i

w

 is a scaling factor of 
[image: image12.wmf])

(

ˆ

,

PUSCH

i

P

c

for serving cell 
[image: image13.wmf]c

 where 
[image: image14.wmf]1

)

(

0

£

£

i

w

.  In case there is no PUCCH transmission in subframe i 
[image: image15.wmf]0

)

(

ˆ

PUCCH

=

i

P

.  
If the UE has PUSCH transmission with UCI on serving cell j and PUSCH without UCI in any of the remaining serving cells, and the total transmit power of the UE would exceed 
[image: image16.wmf])

(

ˆ

i

P

CMAX

, the UE scales 
[image: image17.wmf])

(

ˆ

,

PUSCH

i

P

c

for the serving cells without UCI in subframe i such that the condition 


[image: image18.wmf](

)

)

(

ˆ

)

(

ˆ

)

(

ˆ

)

(

,

PUSCH

CMAX

,

PUSCH

i

P

i

P

i

P

i

w

j

j

c

c

-

£

×

å

¹


is satisfied where 
[image: image19.wmf])

(

ˆ

,

PUSCH

i

P

j

 is the PUSCH transmit power for the cell with UCI and
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 without UCI.  In this case, no power scaling is applied to 
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If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell j and PUSCH transmission without UCI in any of the remaining serving cells, and the total transmit power of the UE would exceed 
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In general, the rule of thumb is that different uplink channels are prioritized for example in the following orders:

· PUCCH transmission
· PUSCH transmission with UCI
· PUSCH transmission without  UCI

Then when the total transmit power that is needed to transmit all the channels exceed the maximum transmit power, the transmit power for those channels with lower priority would be scaled down in order to maintain the total transmit power under its limit. 

For dual connectivity, there could be multiple simultaneous uplink transmissions for both MeNB and SeNB, and uplink power limited issue would become more severe.  To make it simple, similar prioritization rule from Rel-10 CA could be expanded such as in the following example.  
· PUCCH transmission with ACK/NACK 

· PUSCH transmission with ACK/NACK
· PUSCH transmission with CSI only

· PUCCH transmission with CSI only

· PUSCH transmission without  UCI

Where ACK/NACK transmission is further prioritized over other UCI because a loss of ACK/NACK would cause PUSCH retransmission or packet loss in the downlink if the maximum number of retransmission has been reached.  Periodic CSI reports are carried on PUCCH and aperiodic CSI reports are carried over PUSCH. Aperiodic CSI reporting is more important in the sense that eNB needs to know the CSI right away.  The rational to further prioritizing UCI into ACK/NAK, periodic CSI and aperiodic CSI is based on the consideration that  there could be more simultaneous transmission of UCI in dual connectivity than in CA, and therefore, further prioritization could help to ease the power limitation issue. 

Based on the above mentioned prioritization principle, some examples are given in the following, where it is assumed that the UE may have the following simultaneous transmissions in subframe i:
· PUCCH transmission  with ACK/NACK on a set of  serving cells
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· PUCCH transmission without ACK/NACK on serving cells 
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;  
· PUSCH transmissions with UCI containing ACK/NACK on a set of serving cells  
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; 
· PUSCH transmissions with UCI not containing ACK/NACK on a set of serving cells  
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· PUSCH transmission without UCI on a set of serving cells  
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It should be noted that 
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 contains cells belong to both MeNB and SeNB that carry PUCCH, and 
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 contains cells belong to both MeNB and SeNB that carry PUSCH with UCI. 
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contains cells belong to both MeNB and SeNB that carry PUSCH without UCI. 
Exemplary scenario 1: PUCCH and PUSCH with UCI are prioritized over PUSCH without UCI
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is satisfied,  where
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Exemplary scenario 2: PUCCH and PUSCH with ACK/NACK are prioritized over PUSCH with CSI UCI

If  
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, the PUSCH transmissions without UCI will be dropped,  PUCCH transmissions without ACK/NACK are  also dropped. The UE scales  PUSCH transmissions without ACK/NACK  on serving cells  
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These scenarios are just some examples for illustration purpose and other scenarios could be considered and corresponding prioritization principles could be derived similarly. 
The prioritization principles as discussed here is a straightforward and simple extension of the prioritization principle as defined in Rel-10/11 for CA. It works well for at least sync scenarios where the transmissions to both eNBs are aligned in time.  Considering that uplink control channel (PUCCH) transmission to SeNB could also be extended in the future to support uplink control channel (PUCCH) transmission on Scell,  some of the prioritization principles could be used for that purpose as well. 
Proposal:

· Consider the prioritization of uplink channels across eNBs (MeNB and SeNB) and allocate/scale transmit power accordingly.
Lots of discussion during and after last RAN1 meeting were on the scenario when two or more uplink transmissions are un-synchronized.  As shown in Figure 1, two CCs are transmitted from the UE, one for MeNB and the other is for SeNB.  Because for these two eNBs, one could be a macro-eNB and other could be a small cell eNB, they may not be synchronized.  In this case, the subframes intent to different eNBs may not be aligned in time, which make the power allocation more complicated.  This scenario is similar as the scenario in CA when different cells belong to different time advance group (TAG), but the difference is that in un-sync scenario of different eNBs, the timing difference between different uplink transmissions could be much large, possibly up to one subframe. 

[image: image63]
Figure 1:  Power allocation for un-sync scenarios
In CA case, the following agreements with respect to power control for CC in different TAG are captured in 36.213 as follows. The main principle that being followed is that the transmit power needs to be adjusted so that tow total transmit power not to exceed the Pcmax on any overlapping portion. 


If the UE is configured with multiple TAGs, and if the PUCCH/PUSCH transmission of the UE on subframe 
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 for a given serving cell in a TAG overlaps some portion of the first symbol of the PUSCH transmission on subframe 
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If the UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on subframe 
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In un-sync case,  a subframe on a CC will overlap with two subframes on another  CC.  As seen in Figure 1,  subframe CC1(n) overlaps with subframes CC2(n-1) and CC2(n).  As subframes CC2(n-1) and CC2(n) may carry different types of uplink channels, the required transmit power could be different.  If we follow the prioritization principle as described above, we may need to apply different prioritization rule in different portion of the subframe CC1(n) and  end up with different transmit power to keep the total transmit power below Pcmax. 
At RAN1 76bis meeting, it was agreed as the working assumption that 
· Power control changes are not allowed one carrier in the middle of subframe in asynchronous case in dual connectivity
This implies that the transmit power for an uplink transmission should not change within the subframe
From Figure 1, that means the transmit power of subframes CC1(n) should not change within the whole subframe.  Such assumption would simplify setting the transmit power and maintain consistent performance throughout a subframe.  However, it requires the UE to check the transmission on a later subframes (CC2(n) in Figure 1) before determining the transmit power of an early subframe (CC(1) in Figure 1).  The other restriction is that transmit power of an early subframe such as CC1(n) has a power limitation, which is the available power after the transmit power of an even more earlier subframe (e.g., subframe CC2(n-1) is determined).  That is shown in Figure 1 as remaining power Pr.  In general,  the power allocation for un-sync scenario is more complicated than the sync scenario.  A couple of approached could be considered. 
· Dynamic power allocation.  For this approach, the transmit power is dynamically allocated among uplinks for both eNBs.  However, as discussed early, the prioritization principle as discussed before may need some adjustment to accommodate the different overlapping portions of uplink transmission.  For example, as shown in Figure 1, the transmit power for CC1(n) could be adjusted taking into account the transmission of  CC2(n). Such adjustment could also be done in the restriction of available transmit power of Pr for CC1(n).  The prioritization principle could still be followed but with certain power limit restriction.  Similar as the handling of power allocation and control for different TAG in CA, this power allocation/adjustment could be considered as implementation of the UE. 

· Semi-static power allocation.  One approach that was proposed to solve this issue is to semi-statically configure maximum transmit power for each eNBs,  so that the transmit power for each eNB should not exceed its individual maximum power limit.  This approach may not fully utilize the benefits and flexibility of dynamic power allocation.  But it is more simple. 
Proposal:

· Further evaluate the dynamic power allocation and semi-static power allocation for un-sync scenario. 

3. Conclusions

In this contribution, some aspects that are related to uplink transmit power control for dual connectivity are discussed and our views are provided which could be summarized as follows
Proposal:

· Consider the prioritization of uplink channels across eNBs (MeNB and SeNB) and allocate/scale transmit power accordingly for dynamic power allocation.

· Further evaluate the dynamic power allocation and semi-static power allocation for un-sync scenario. 
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