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1 Introduction

Upon the email discussion output [1] about transmission power control in dual connectivity after RAN1#76bis meeting, the dynamic power sharing is supported as working assumption. The exact mechanisms and specification impacts to support dynamic power-sharing for dual connectivity were summarized as below: 
Working assumption: dynamic power-sharing is supported.

· FFS on which condition the dynamic power-sharing is supported.

· FFS on whether the condition is specified or not.

· FFS on what exactly the dynamic power-sharing is.
· Dynamic power-sharing can be supported even if PMeNB and PSeNB are defined. For example, following candidate solutions for dynamic power-sharing were discussed in [76b-08]:

· Candidate 1: Dynamic power-sharing without PMeNB and PSeNB
· Maximum transmit power per serving cell is PCMAX,c
· Maximum transmit power per eNB/CG is PCMAX
· Maximum transmit power per UE is PCMAX
· When UE is power-limited, depending on some prioritization rules or transmission timing, power-scaling/dropping is applied
· PHR is calculated using PCMAX,c
· Candidate 2: Dynamic power-sharing with PMeNB and PSeNB, where maximum transmit power per eNB/CG cannot exceed PMeNB or PSeNB
· Maximum transmit power per serving cell is PCMAX,c
· Maximum transmit power per eNB/CG (for non-PRACH transmission, FFS on PRACH) is PMeNB or PSeNB
· Maximum transmit power per UE is PCMAX
· When UE is power-limited, depending on some prioritization rules or transmission timing, power-scaling/dropping is applied
· FFS PHR is calculated using PCMAX,c or PMeNB/PSeNB
· Candidate 3: Dynamic power-sharing with PMeNB and PSeNB, where maximum transmit power per eNB/CG can exceed PMeNB or PSeNB
· Maximum transmit power per serving cell is PCMAX,c
· Maximum transmit power per eNB/CG (for non-PRACH transmission, FFS on PRACH) is (PCMAXPMeNB) for SeNB and (PCMAXPSeNB) for MeNB
· Maximum transmit power per UE is PCMAX
· PMeNB + PSeNB is equal or less than UE total maximum output power PCMAX
· Candidate 4: Dynamic power-sharing with PMeNB and PSeNB, where PMeNB/PSeNB are the signalling exchanged b/w eNBs (not signalled to UE)
· Maximum transmit power per serving cell is PCMAX,c
· Maximum transmit power per eNB/CG is PMeNB or PSeNB, but not indicated to a UE configured with dual connectivity; therefore, the rule can be broken by the controlling eNB (i.e., MeNB)
· Maximum transmit power per UE is PCMAX
· When UE is power-limited, depending on some prioritization rules or transmission timing, power-scaling/dropping is applied
· PHR is calculated using Pcmax,c
· Candidate 5: Dynamic power-sharing with PMeNB and PSeNB, where maximum transmit power per eNB/CG cannot exceed PMeNB or PSeNB in power-limited case
· Maximum transmit power per serving cell is PCMAX,c
· Maximum transmit power per eNB/CG (for non-PRACH transmission, FFS on PRACH) is PMeNB or PSeNB in power-limited case

· Maximum transmit power per eNB/CG is PCMAX in non-power limited case
· Maximum transmit power per UE is PCMAX
· When UE is power-limited, depending on some prioritization rules or transmission timing, power-scaling/dropping is applied
FFS PHR is calculated using Pcmax,c or PMeNB/PSeNB.
In this contribution we firstly investigate the candidates for dynamic power sharing of dual connectivity. Then the definition of power-limited case, prioritization rules in power-limited case and handling of unsynchronized case are discussed.
2 Dynamic power sharing in dual connectivity
The 5 candidates to achieve dynamic power sharing can be categorized into two types: PMeNB and PSeNB are signalled to UE or not. 
2.1 PMeNB and PSeNB are signalled to DC UE
When PMeNB and PSeNB are signalled to a UE, the maximum transmit power per eNB/CG is located by PMeNB and PSeNB. There are three candidates:
· Candidate 2: Dynamic power-sharing with PMeNB and PSeNB, where maximum transmit power per eNB/CG cannot exceed PMeNB or PSeNB
· Candidate 3: Dynamic power-sharing with PMeNB and PSeNB, where guranteed transmit power per eNB/CG can exceed PMeNB or PSeNB,, 
· Candidate 5: Dynamic power-sharing with PMeNB and PSeNB, where maximum transmit power per eNB/CG cannot exceed PMeNB or PSeNB in power-limited case
Basically we believe candidate 2 and candidate 3 are almost equivalent, with the only difference that in candidate 3 the maximum transmit power per eNB/CG is (PCMAX - PMeNB) for SeNB and (PCMAX - PSeNB ) for MeNB, instead of PSeNB and PMeNB. 
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Figure 1 The maximum transmit power per eNB/CG cannot exceed PMeNB or PSeNB 
in power-limited case.

In Candidate 3, given the maximum transmit power per eNB/CG cannot exceed PMeNB or PSeNB in power-limited case, the transmit power is not fully shared between eNBs/CGs. For example, as shown in Figure 1, in case that the power of PUCCH to MeNB only consume a small portion of power while the total power is over PCMAX due to heavy PUSCH scheduling in SeNB, eNB-specific transmit power restriction, instead of channel type prioritization will lead to the waste of power and low transmission efficiency.
On the other hand, for Candidate 2&3 as shown in Figure 1, when the maximum transmit power per eNB/CG is always restricted below PMeNB or PSeNB, the flexibility of power sharing is further reduced compared to candidate 5. 
2.2 PMeNB and PSeNB are not signalled to DC UE
Dynamic power sharing without explicit air-interface signalling of PMeNB or PSeNB as Candidate 1 and Candidate 4 is more efficient power-utilization, since UE can allocate the transmit power of uplink channels in power-limited case flexibly as in Rel.11 and keep the important channel performance and eNB coverage for both synchronized and unsynchronized cases . Of course, to achieve these benefits, additional prioritization rules about new transmit channel conditions between CGs, such as PUCCH in one CG and PUCCH in the other CG, PUSCH with HARQ-ACK in one CG and PUCCH in the other CG are needed. 
Proposal 1: Dynamic power sharing should be supported for both synchronized case and unsynchronized case. The necessity of explicit signalling of PMeNB and PSeNB is not justified. 

3 Definition of the power-limited case

It is agreed that PCAMX should be defined in [1] for dual connectivity. The situation for unsynchronized case in dual connectivity is very similar to the case in multiple TAG in which different PCMAX_L  may exist in different overlapping portion within one subframe. 

 “For each subframe, the PCMAX_L is evaluated per slot and given by the minimum value taken over the transmission(s) within the slot; the minimum PCMAX_L over the two slots is then applied for the entire subframe. PPowerClass shall not be exceeded by the UE during any period of time. ”[6]
We believe the same logic can be followed in asynchronized case, that is, one unified PCMAX_L should be defined for a given subframe, which may be a minimum value among multiple ones (corresponding to different overlapping portions within this subframe). 
Proposal 2: The exact definition of PCAMX for unsynchronized case in dual connectivity should be decided by RAN4.

Regarding the working assumption agreed in RAN1 #76  [2] (“Power control changes are not allowed one carrier in the middle of subframe in asynchronous case in dual connectivity”), the handling of this issue taking multiple TAG in CA as example, it is obvious that: 
· The first/last symbol of PUSCH is not specified for power scaling in the power-limited case;

· The SRS in the last symbol may be dropped for power scaling in the power-limited case.

Thus, power control change is already allowed within a subframe in CA scenario (synchronized case) given the small uplink timing difference has minor impact on performance. Therefore, in case that the uplink timing difference of the channels between eNB/CGs in unsynchronized case is small enough, the principle of power control for unsynchronized case should be the same as CA scenario.
Proposal 3: Revisit the working assumption about power control changes in unsynchronized case, considering the issue that the overlapped portion between eNB/CGs could be unpredictable.
4 Power scaling prioritization rules in power-limited case
As Section 2, power scaling prioritization rules should be considered in case of power-limited scenarios in dual connectivity case. 
In the Rel.11 carrier aggregation, channel type is considered for power scaling priority, that is, PRACH>PUCCH>PUSCH with UCI > PUSCH without UCI > SRS. For the simultaneous transmissions of the same type of channels, e.g., PUSCH without UCI, the power of each channel is equally scaled. The prioritization rules in dual connectivity could generally follow the CA mechanisms with additional considerations.

In dual connectivity case, as addressed in [5], new cases of UL channel combinations across two cell groups should be supported. For example, PUCCH and PUCCH, PUCCH and PUSCH with HARQ-ACK, etc [5]. The combination of simultaneous uplink transmission channels occurs is not predictable to MeNB/SeNB due to the separate scheduler. Then, new prioritization rules of power scaling should be defined for dual connectivity, other than the ones defined in CA.
Proposal 4: New prioritization rules of power scaling should be defined for dual connectivity, other than ones defined in CA. 
The following new issues should be considered. 
· New combination of simultaneous uplink transmission channels:
· PUCCH+PUCCH

UCI type could be considered for the prioritization. For example, PUCCH with HARQ-ACK has higher priority than PUCCH with only CSI. 
· PUCCH+PUSCH with UCI

PUSCH with UCI may have the same priority with PUCCH, e.g., the HARQ-ACK on PUSCH should be the same priority as the HARQ-ACK on PUCCH. 

· PUSCH with UCI+PUSCH with UCI

When the UCI is piggybacked on PUSCH, the size of resources allocated for UCI/UL-SCH transmission should be considered when determining its priority. That is because when the PUSCH is allocated very large resources, providing too high priority and too much power to this channel other channels performance would be heavily damaged. The size of resource can be measured in terms of modulation symbols [5]. UCI type can also be considered to further determine the priority for power scaling.
If multiple UCI types are jointly transmitted in a given channel, the one with the highest priority is used to determine the priority for power scaling of this channel. In case of the same channel priority, cell group type could be considered additionally when the prioritization of the channels is the same. For example, the channels of MCG have higher priority than the channels SCG. 

· For determining the priority of PUSCH with UCI, the size of resources allocated for UCI/UL-SCH data transmission in PUSCH should be taken into account. 
For example, in case of two simultaneous PUSCHs in different CGs and both of them with UCI transmission, if too many resources allocated to SCG PUSCH transmission for UL-SCH data, so the ratio of PUSCH resource for UCI over the total PUSCH resource is very small, equal priority power scaling may result in an undesirable situation in that most of power is allocated to SeNB while the UCI to MCG is not well protected. Therefore, if the ratio is larger than a threshold, the PUSCH with UCI has high priority for power scaling. This issue is not severe in CA scenario, as eNB knows the size of resource blocks of both PUSCH and then can adjust the size of resource if needed.  
Proposal 4-1: New combinations of simultaneous uplink transmission channels should be considered for prioritization of power scaling in dual connectivity, which are PUCCH+PUCCH, PUCCH+PUSCH with UCI and PUSCH with UCI+PUSCH with UCI .
Proposal 4-2: The ratio size of PUSCH resources for UCI/UL-SCH should be taken into account in determining the priority of PUSCH with UCI.
In dual connectivity, the independent schedulers in MeNB and SeNB will introduce much more uncertainty in the available power and corresponding UCI transmission quality of each CG due to unpredictable power scaling, especially for case of UCI carried by PUSCH. In this case, the allocated resource size of UCI decided by one eNB (say, MeNB) may be not sufficient if the other eNB (SeNB) is also scheduling a channel with the same or even higher priority with a large amount of power.  One straightforward way to avoid such a situation is that each eNB always limits the scheduled data size on its own PUSCH with UCI to allow for enough headroom to the other eNB. However, such a conservative scheduling would reduce system efficiency and need some coordination between eNBs. Another possibility is to allow the UE to extend UCI resources on PUSCH if the ratio of PUSCH resource for UCI over the total PUSCH resource is too small.
Proposal 4-3: Mechanism to extend UCI resources on PUSCH to improve the performance of UCI should be considered.
5 Power scaling for unsynchronized case

In dual connectivity, unsynchronized deployment of MeNB and SeNB would bring new challenges to UL power control. The overlapping portion of subframes of MeNB and the SeNB cells will exceed much more than 30.26 micro sec. As shown in Figure 2, the overlapping portion 2 is mainly dependent on the timing difference between MeNB and the SeNB and up to half subframe.
As mentioned in email discussion [1], there is a straightforward approach to power allocation in unsynchronized case, by which a maximum transmit power per eNB/CG cannot exceed PMeNB and PSeNB, while the sum of the PMeNB and PSeNB is lower than PCMAX. However, such a semi-static power allocation scheme is quite restrictive and may reduce eNB coverage much, which implies FDD operators have to suffer from such an inflexibility of power utilization.

Observation 1: The scheme of PMeNB + PSeNB <= PCMAX  may introduce additional performance loss in unsynchronized case, compared with synchronized case.
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Figure 2 Uplink subframe overlapping iin unsynchronized case
Taking Figure 2 as example, for a subframe of TAG1 in one eNB/CG, there are two portions which are overlapped with to consecutive subframes in the other eNB/CG respectively. To achieve dynamic power sharing, the power for different portions should be firstly decided by power scaling only considering the exact overlapping part. Then, considering the working assumption that no power control change in the middle of a subframe, the transmission power of overall subframe should be is decided by the lowest one of different portions. Note that in this example, only the large enough overlapping portions are worthwhile being considered and multiple TAG-like handling can be applied to the overlapping portions small enough.  
Observation 2: Dynamic power sharing can be achieved by jointly considering all the overlapping portions, except the ones which are small enough.
6 Conclusions
In this contribution we investigate the physical layer impacts of dual connectivity in the uplink from several aspects of the dynamic power sharing, power-limited case, prioritization rules and unsynchronized case. Based on the analysis we have the following proposals:

Proposal 1: Dynamic power sharing should be supported for both synchronized case and unsynchronized case. The necessity of explicit signalling of PMeNB and PSeNB is not justified.

· Observation 1: The scheme of PMeNB + PSeNB <= PCMAX may introduce additional performance loss in unsynchronized case, compared with synchronized case.
· Observation 2: Dynamic power sharing can be achieved by jointly considering all the overlapping portions, except the ones which are small enough.

Proposal 2: The exact definition of PCAMX for unsynchronized case in dual connectivity should be decided by RAN4.
Proposal 3: Revisit the working assumption about power control changes in the middle of subframe, considering the issue that the overlapping portion between eNB/CGs could be unpredictable.
Proposal 4: New prioritization rules of power scaling could be defined for dual connectivity, other than ones defined in CA.
· Proposal 4-1: New combinations of simultaneous uplink transmission channels should be considered for prioritization of power scaling in dual connectivity, which are PUCCH+PUCCH, PUCCH+PUSCH with UCI and PUSCH with UCI+PUSCH with UCI .
· Proposal 4-2: The ratio size of PUSCH resources for UCI/UL-SCH should be taken into account in determining the priority of PUSCH with UCI.
· Proposal 4-3: Mechanism to extend UCI resources on PUSCH to improve the performance of UCI should be considered.
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