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1
Introduction
Support of dual connectivity is a part of Rel-12, and RAN 1/2 have already made some decisions to enable dual connectivity operation. In this document we address remaining power control questions related to the dual connectivity.
2
Power Control for Dual Connectivity
The following are the RAN1 #77 agreements.

TPC mechanisms:

· Maximum total output power Pcmax is defined by RAN4

· 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

· 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;

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

2.1
Channel Prioritization Across CGs
RAN 1 had an email discussion [77-11] on the issues related to the prioritization of the UCI in dual connectivity and the following was the outcome

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 
We think that the prioritization rules need to be defined in the context of the power limited scenarios. Hence we propose the following:
Proposal 1:
The power prioritization is determined as: 
1) UE is in the power limited scenario with respect to one eNB (i.e. required Tx power to transmit to that eNB exceeds the configured min guaranteed Tx power for that eNB) and is not power limited with respect to the other eNB (i.e. required Tx power to transmit to that eNB does not exceed the configured min guaranteed Tx power for that eNB)
· UE applies scaling rules to transmissions to the power limited eNB according to the Rel-10/11 with respect to the sum of the corresponding PeNB and any unused power, up to the max available UE power
2) UE is in the power limited scenario with respect to both eNBs (i.e. required Tx power to transmit to an eNB exceeds the configured min guaranteed Tx power for that eNB) 

· If P_SeNB+P_MeNB = 100%

· UE applies scaling rules to transmissions to both power limited eNBs according to the Rel-10/11 independently, with respect to the corresponding PeNB
· If P_SeNB+P_MeNB < 100%

· The additional power (to fill up to 100%) is utilized based on the following prioritization:

1. PUCCH of MeNB

2. PUCCH of pSeNB

3. PUSCH with UCI on MeNB

4. PUSCH with UCI on pSeNB
5. PUSCH of both eNBs (up to UE implementation).
The above approach is simple and maximally utilizes the existing prioritization rules. We do not see particular reason to power prioritize based on the UCI context, as the benefits of that approach are not obvious and it introduces implementation and specification complexity.

Power control for PRACH and SRS are also identified as the remaining issues that need to be addressed. 

SRS transmission rules as defined in Rel-10/11 are applicable within each of the eNBs: the power limitation is determined per eNB, i.e. transmissions toward one eNB may be in power limited state, while no power limitation is incurred toward the other eNB, and the power scaling/dropping of SRS is done per eNB. Also, the SRS transmission(s) to one eNB is(are) independent from the channel/SRS transmissions to the other eNB. The power limitation is established based on the power after power sharing is utilized, i.e. the total available UE power is accounted. Namely, only in the case where after all UE power is consumed (e.g. based on the rules above), and the eNB is still power limited, SRS power scaling/dropping for the eNB will be performed. 
Proposal 2:
SRS transmission rules as defined in Rel-10/11 are applicable within each of the eNBs: the power limitation is determined per eNB, and the power scaling/dropping of SRS is done per eNB. The power limitation is established based on the power after power sharing is utilized, i.e. the total available UE power is accounted.
In the context of PRACH transmission, we think the same approach as in Rel-10/11 should be taken, such that PRACH is prioritized over PUCCH/PUSCH/SRS transmissions on a different cell belonging to a different TAG: when there is a PRACH transmission on a serving cell in parallel with PUSCH/PUCCH in a different serving cell belonging to a different TAG, adjust the transmission power of PUSCH/PUCCH so that its total transmission power does not exceed on the overlapped portion, or in case of SRS drop SRS if the total transmission power exceeds 
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 on any overlapped portion in the symbol. In the case of parallel RACH transmissions on PCell and pSCell, the handling should be left to UE implementation. The reason is that a UE has the best knowledge of the conditions of the (ongoing) RACH procedure and hence can make the most appropriate decision. Note that for a contention based random access UE will be performing power ramp-up and scaling as needed, and eNB would not expect any particular power level. Also, the decision on which contentious random access to prioritize number may be based on the number of attempts and needed power, such that RLF is avoided (when maximum number of RA attempts is reached on PCell and it is not successful, RLF is declared). Another thing to note is that different timers are utilized on each PCell and pSCell for random access, so even if the first RACH transmissions collide, next ones will likely not.
Proposal 3:
The handling of the parallel PRACH is handled by UE implementation.

2.2
Minimum Guaranteed Power Allocation
At the email discussion [77-13] after the RAN1 meeting #77, the following was agreed:

Proposed way forward 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.

Proposed way forward 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.
We think that the proposed way forward 2 on how to represent PMeNB and PSeNB (PMeNB and PSeNB are defined as the ratio of PCMAX), is the only suitable solution given the variable Pcmax. Since PMeNB=PCMAX (or 100%), PSeNB=PCMAX (or 100%), PMeNB+PSeNB=PCMAX (or 100%), and PMeNB+PSeNB<PCMAX (or 100%), are supported, the range of PMeNB and PSeNB should be between 0 and 100 [%].
The resolution of 2% for the ranges 0 – 10% and 90 – 100%, and the resolution of 5% for the range between 10% and 90% seem as reasonable values. This provides a better resolution for the small percentage of power dedicated for a cell and enables that the sum of percentages adds up to 100%, while a bit coarser granulation is kept outside of 10% for simplicity. It would require 5 bits to devote to represent each of PMeNB and PSeNB in the RRC configuration.
Proposal 4:
The range of PMeNB and PSeNB should be between 0 and 100 [%]. The resolution is 2% for the ranges 0 – 10% and 90 – 100%, and the resolution is 5% for the range between 10% and 90%.
3
Conclusions 
Based on the discussion presented in the paper, we propose the following power control solutions for dual connectivity:
Proposal 1:
The power prioritization is determined as: 
1) UE is in the power limited scenario with respect to one eNB (i.e. required Tx power to transmit to that eNB exceeds the configured min guaranteed Tx power for that eNB) and is not power limited with respect to the other eNB (i.e. required Tx power to transmit to that eNB does not exceed the configured min guaranteed Tx power for that eNB)

· UE applies scaling rules to transmissions to the power limited eNB according to the Rel-10/11 with respect to the sum of the corresponding PeNB and any unused power, up to the max available UE power
2) UE is in the power limited scenario with respect to both eNBs (i.e. required Tx power to transmit to an eNB exceeds the configured min guaranteed Tx power for that eNB) 

· If P_SeNB+P_MeNB = 100%

· UE applies scaling rules to transmissions to both power limited eNBs according to the Rel-10/11 independently, with respect to the corresponding PeNB
· If P_SeNB+P_MeNB < 100%

· The additional power (to fill up to 100%) is utilized based on the following prioritization:

1. PUCCH of MeNB

2. PUCCH of pSeNB

3. PUSCH with UCI on MeNB

4. PUSCH with UCI on pSeNB
5. PUSCH of both eNBs (up to UE implementation).
Proposal 2:
SRS transmission rules as defined in Rel-10/11 are applicable within each of the eNBs: the power limitation is determined per eNB, and the power scaling/dropping of SRS is done per eNB. The power limitation is established based on the power after power sharing is utilized, i.e. the total available UE power is accounted.
Proposal 3:
The handling of the parallel PRACH is handled by UE implementation.

Proposal 4:
The range of PMeNB and PSeNB should be between 0 and 100 [%]. The resolution is 2% for the ranges 0 – 10% and 90 – 100%, and the resolution is 5% for the range between 10% and 90%.
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