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1. Introduction

In RAN1#77, the support of minimum guaranteed power configuration per cell group (CG) for dual connectivity was agreed as the following [1]:
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 Moreover, two types of UE behaviors on power sharing between CGs were discussed in terms of “look-ahead/non look ahead” and “synchronous/asynchronous”, and supplemental agreements were made as the following [1]:
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Furthermore, after RAN1#77, three major issues on UL transmission power control (TPC) for dual connectivity were discussed [2-4].
Details of priority rule based on UCI type across CGs for dual connectivity power control were discussed in [77-11] and the following was captured as the outcome of the email discussion.
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In terms of "look-ahead" aspect, the following agreements were made in [77-12].
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Details of PxeNB for power-control of dual connectivity were discussed in [77-13] and the following two agreements were made.
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In this contribution we discuss the remaining aspects of UL power allocation for Dual Connectivity. 
2. Discussion
2.1. Configuration of PMeNB and PSeNB
So far, the actual UL transmission power depends on PCMAX, which potentially changes subframe-by-subframe. In dual connectivity, the same principle can be simply reused within a CG. In addition, as discussed in [77-13], the sum of guaranteed powers for MCG and SCG causes unnecessary standardization efforts, since it requires an additional power scaling mechanism between CGs on top of the scaling within the CG. Therefore, PMeNB and PSeNB are defined as ratios of PCMAX.
Proposal 1:
· Confirm the working assumption that PMeNB and PSeNB are defined as ratios of PCMAX.
2.2. Applicability of guaranteed power
In RAN1 #77, it was agreed that guaranteed power can be configured per CG, and is applied at least for PUCCH/PUSCH. The guaranteed power can ensure a minimum power is allocated on a CG at least to carry some important information or data, e.g. UCI on PUCCH, or a SPS transmission. However, there may be some exceptional cases that the minimum guaranteed power can be ignored on a CG.

First, PRACH is used for initial access and RRC connection setup. Thus, PRACH should have the highest priority on a CG. To ensure successful access and fast response, the transmission power of a PRACH should not be reduced or scaled down. Therefore, for PRACH transmission on a single CG, the minimum guaranteed power for each CG may be ignored. For simultaneous PRACH transmission on both MCG and SCG, the PRACH on the MCG should have the highest priority.

On the other side, sounding reference signal (SRS) is used to assist the UL channel estimation. Within each CG, the SRS has the lowest priority in power allocation. The same principle may be applied across CGs in dual connectivity. Thus, if only SRS is scheduled on a CG, the minimum guaranteed power of this CG may be compromised if more power is required on the other CG. If the remaining power is not sufficient for the SRS transmission, the SRS may be dropped. 

Proposal 2: 
· PRACH and SRS can be exceptional cases for the configured guaranteed power.

· For a PRACH transmission, the guaranteed power of another CG can be ignored;

· For a SRS only transmission on a CG, the guaranteed power may be ignored.

2.3. Allocation of the remaining power
In this section we discuss the remaining power allocation, especially the details of the prioritization rule and whether/how two types of UE behaviors are applied.

2.3.1. Support of two types of UE behaviors
In RAN1#77, two types of UE behaviours were clarified. One is to apply a UCI-type based prioritization rule to determine the power allocation between the CGs. The other is to prioritize the earlier subframe between the CGs. At least for the synchronous case, the latter scheme may cause a power loss due to unnecessary power reservation, while the former can provide a higher power utilization. However, the latter scheme may be the only applicable scheme in some cases (i.e. non look-ahead and asynchronous). Therefore, both schemes should be supported for Rel-12 dual connectivity.
Proposal 3:
· Both of the following schemes should be supported:
· UCI based prioritization rule for synchronized or with look-ahead,
· Prioritizing the earlier subframe in non-look-ahead case.
2.3.2. Prioritization rule
In [77-12], several approaches have been proposed as a prioritization rule to determine the maximum transmission power per CG.
· Alt. 1: PUCCH on MCG > PUCCH on SCG > PUSCH with UCI on MCG > PUSCH with UCI on SCG > PUSCH without UCI on MCG > PUSCH without UCI on SCG

· Alt. 2: HARQ-ACK (via PUCCH or PUSCH) on MCG > HARQ-ACK (via PUCCH or PUSCH) on SCG > PUSCH on MCG > PUSCH on SCG

· Alt. 3: SR = HARQ-ACK > CSI > data
As discussed above, a new UE procedure should be defined for determination of the maximum output power per CG. From this perspective, there is almost no difference between these alternatives in terms of the required standardization effort. The only difference between them is their order. In Alt. 1 and Alt. 2 the UL transmission of the MCG is prioritized over that of the SCG when the UCI types and/or channel types are the same between the CGs. In contrast, in Alt. 3 the MCG and the SCG have equal priority. From the SRB protection point of view, it is obviously preferable that the MCG is prioritized over the SCG. Therefore, Alt. 3 is not an appropriate solution. On the other hand, Alt. 1 and Alt. 2 are not so much different from each other in reality. The only difference is that the transmission power required for the HARQ-ACK toward the MeNB is always guaranteed in Alt. 2 while the transmission power allocated for the MeNB HARQ-ACK is possibly less than PPUCCH in Alt. 1. This shortage may happen under the condition that the MeNB HARQ-ACK is carried by PUSCH when the SeNB PUCCH requires large transmission power. However, the eNB can facilitate the allocation of sufficient power to the MeNB HARQ-ACK by configuring the appropriate PMeNB/PSeNB. We slightly prefer Alt. 1 to Alt. 2 aiming for simplicity, since the required power is calculated with per-channel/signal basis.
Proposal 4:
· The priority order is: PUCCH on MCG > PUCCH on SCG > PUSCH with UCI on MCG > PUSCH with UCI on SCG > PUSCH without UCI on MCG > PUSCH without UCI on SCG.

2.3.3. Differentiation between “look-ahead” and “non look-ahead”
As captured in the summary of [77-12], “look ahead is defined as UE to know transmission power required for actual UL transmission(s) in the latter part of the overlap portion". This definition is sufficient to differentiate the UE behaviors that were clarified in RAN1#77, and no further clarification of the look-ahead definition is necessary. That is, if the UE knows the transmission power required for actual UL transmission(s) in any part of the overlap portion, the UCI based prioritization rule is applied to determine the maximum output power of the earlier subframe. Otherwise, the earlier subframe is prioritized by only reserving the minimum guaranteed power for the other CG. 
Proposal 5:
· If the UE knows the transmission power required for actual UL transmission(s) in any part of the overlap portion, the UCI based prioritization rule is applied. Otherwise, the earlier subframe is prioritized.
2.4. UE procedure to determine actual transmission power for a CG
In our view, the following three steps should be defined as a UE procedure to determine an actual transmission power for a CG. 

· 1st step: to determine required transmission power per channel/signal
· 2nd step: to determine the channels to be transmitted, and the available power to be allocated for channel(s) of each CG
· 3rd step: to perform channel dropping and power scaling of the channels within each CG
The legacy TPC procedure consists of the 1st and 3rd steps. At the 1st step, the UE calculates the transmission power (e.g. PPUCCH(i), PPUSCH,c(i), PSRS,c(i)) that is required for each of PUCCH, PUSCH and SRS on every serving cell on the basis of PCMAX,c, TPC commands, resource assignment, and so on. The 1st step is the same as in Rel-11. 
The 2nd step deals with new issues introduced in dual connectivity, e.g. the guaranteed power of each CG, the priority rule for remaining power allocation, and look-ahead and no look-ahead assumptions. In the unsynchronized network and no look-ahead case, the maximum available power of a subframe of a CG is determined based on the used power and the guaranteed power of the other CG in any overlapping part of the subframe. In the synchronized case or with look-ahead, the channel priority across CGs may be considered to determine the channels to be transmitted and the allocated power of each channel on each CG. Basically, a water-filling method can be applied so that the remaining power is allocated to the channels with the highest priority first. Some channel dropping and power scaling can be also considered in the 2nd step to reduce UCI error probability and achieve better power allocation across CGs [5].
Regarding the 3rd step, as agreed in RAN1#77, Rel-11 relative priority and power scaling of different channel types are reused within each CG. Once the 2nd step is completed, the channels to be transmitted and the available power to be allocated on each channel are determined. Thus, the maximum output power of each CG is also derived at the 2nd step. The 3rd step can be exactly the same as legacy power scaling except PCMAX replaced by the maximum output power that is derived at the 2nd step. And the scaling factor on each channel and each CG are calculated independently. 
Proposal 6:
· Required transmission power per channel/signal (e.g. PPUCCH(i), PPUSCH,c(i) and PSRS,c(i)) is derived by the same manner as in Rel-11.
· Power scaling within a CG is performed by using the Rel-11 power scaling procedure with PCMAX replaced by the maximum output power per CG.
3. Conclusion
In this contribution, we propose:

Proposal 1:
· Confirm the working assumption that PMeNB and PSeNB are defined as ratios of PCMAX.
Proposal 2: 
· PRACH and SRS can be exceptional cases for the configured guaranteed power.

· For a PRACH transmission, the guaranteed power of another CG can be ignored;

· For a SRS only transmission on a CG, the guaranteed power may be ignored.

Proposal 3:
· Both of the following schemes should be supported:
· UCI based prioritization rule,
· Prioritizing the earlier subframe.
Proposal 4:
· The priority order is PUCCH on MCG > PUCCH on SCG > PUSCH with UCI on MCG > PUSCH with UCI on SCG > PUSCH without UCI on MCG > PUSCH without UCI on SCG.

Proposal 5:
· If the UE knows the transmission power required for actual UL transmission(s) in any part of the overlap portion, the UCI based prioritization rule is applied to determine the maximum output power of the earlier subframe. Otherwise, the earlier subframe is prioritized.
Proposal 6:
· Required transmission power per channel/signal (e.g. PPUCCH(i), PPUSCH,c(i) and PSRS,c(i)) is derived by the same manner as in Rel-11.
· Power scaling within a CG is performed by using the Rel-11 power scaling procedure with PCMAX replaced by the maximum output power per CG.
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Agreements


In both synchronous and asynchronous cases, at least for PUCCH/PUSCH


Minimum guaranteed power allocation P_SeNB and/or P_MeNB can be configured


P_SeNB >=0, P_MeNB >=0


FFS: P_SeNB+P_MeNB <= PCmax


FFS: P_SeNB+P_MeNB <= 100%


The total power allocation per CG Palloc_xeNB can be determined by 


(1) Power allocation up to P_SeNB and P_MeNB (i.e. Ppre_SeNB and Ppre_MeNB) 


At first, UE needs to allocate power per each eNB up to P_SeNB or P_MeNB (if configured) respectively regardless of priority rule if transmission is scheduled


Ppre_xeNB = min {power based on actual grant/assignment and TPC commands, P_xeNB}


(2) Plus allocation of remaining power








Agreements:


In both synchronous and asynchronous cases:


If look-ahead is supported or in synchronous case


All the remaining power can be used


For the remaining power, priority is determined based on UCI type across CG for channels not satisfied by P_SeNB or P_MeNB


FFS on details


Giving all the remaining power to a CG is not precluded


If look-ahead is not assumed: 


Reserve P_SeNB and/or P_MeNB towards each eNB if there is potential uplink transmission


If the UE knows it does not have transmission in the other CG in overlapped subframes based on at least semi-static information (e.g., TDD UL/DL config.), UE does not reserve the power for that CG


For the remaining power, earlier transmission is higher priority


FFS on whether there will be two types of UE behavior (supporting look-ahead and not supporting look-ahead) or there will be only one type of UE behavior


Confirm WA with clarification: 


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)


Within a CG, for the total power allocation, reuse Rel-11 relative priority and power scaling of different channel types


PRACH to PCell has the highest priority; 


RAN1 perspective, differentiation between PUSCH with SRB and PUSCH without SRB is not assumed











Working assumption:


The remaining power can be allocated to both eNBs according to priority rule.


Agreements:


A unified design/common framework for both synchronous case and asynchronous case if look-ahead is supported.


Simultaneous PUSCH/PUCCH transmission can be independently configured per CG. 


RAN4 should confirm whether independent PUSCH/PUCCH simultaneous transmission per CG can be supported.


Conclusions:


Continue discussion on priority rule details in RAN1#78


Continue discussion on the remaining issues in RAN1#78





Synchronous case


It is FFS whether synchronous case realized by nonsynchronous case or not.


If separate handling is realized, 


Same handling with MTA i.e. RAN1 spec is written as if all subframes are aligned and total transmission power should not exceed P_cmax on any overlapped portion.


Condition of synchronous case is according to RAN4 definition of synchronized dual connectivity operation. In terms of maximum uplink transmission timing difference, it is to be clarified whether synchronous case should be described as "the maximum uplink transmission timing difference between PCell's and pSCell's is less than x µs" or "the maximum uplink transmission timing difference between all TAGs is less than x µs". Other description is not precluded.





Non-synchronous case


Look ahead is defined as UE to know actual UL transmission(s) in the latter part of the overlap portion.   


At least for PUCCH/PUSCH, FFS Alt 1 or Alt 2.


Alt 1. UE is not mandatory to look-ahead. 


Alt 1-1. UE does not look-ahead.


Alt 1-2. UE can choose between (a) look-ahead and (b) not look-ahead.


Alt 2. UE is mandatory to look-ahead in condition Y. 


In other than condition Y, 


Alt 2-1. UE does not look-ahead


Alt 2-2. UE can choose between (a) look-ahead and (b) not look-ahead.


Discussed candidates of condition “Y” are:�- all TA values are less than y usec�- the maximum uplink transmission timing difference between TAGs is less than y µs�Other candidate(s) of condition Y is not precluded.


It is FFS whether UE to inform look-ahead or not to the network.








Agreement 1


If they are defined as absolute values, PMeNB+PSeNB>PCMAX is allowed.


PMeNB+PSeNB>Ppowerclass is not allowed.


FFS: UE behavior when PMeNB+PSeNB>PCMAX.


If they are defined as ratios of PCMAX, PMeNB+PSeNB>100% is not allowed.


PMeNB=PCMAX (or 100%), PSeNB=PCMAX (or 100%), PMeNB+PSeNB=PCMAX (or 100%), and PMeNB+PSeNB<PCMAX (or 100%), are supported.


Agreement 2


Working assumption: PMeNB and PSeNB are defined as ratios of PCMAX.


Note: PCMAX above is linear domain value.


Following is FFS in RAN1#78:


Range and resolution of PMeNB and PSeNB.
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