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1.  Introduction
A work item “Dual Connectivity for LTE” was approved at RAN#62 [1]. The work item aims at specifying Dual Connectivity operation, where a given multiple Rx/Tx UE in RRC_CONNECTED is configured to utilize radio resources provided by two distinct schedulers, located in Master and Secondary eNBs. 

At last RAN1 meeting, the relevant issues of UL power transmission for dual connectivity were discussed in many contributions [3]-[7]. Before RAN1 #77 meeting, there was an email discussion on TPC for dual connectivity [76b-08] regarding the following questions.
Question 0:

· Is dynamic power-sharing between two CGs/eNBs necessary?

· If no, how to split the power to the eNBs semi-statically considering MeNB coverage?

· If yes, how to perform power-sharing between the two eNBs (considering RAN2 observations in R2-141848)?

Question 1:

· Are PMeNB and PSeNB (maximum transmit power per CG/eNB) need to be defined?
· If no, how the maximum transmit power per CG/eNB is determined?
· If yes, what is the relationship among PMeNB, PSeNB, Pcmax, and Pcmax,c?
Question 2:

· In unsync case, how to define the power-limited case?
· What is the definition of Pcmax during partial overlap period?
Question 3’:

· Do UE need to take into account of power requirement of the other eNB/CG before allocating its available power for the first eNB/CG, in the following two cases

· Case 1) when the first eNB/CG is MeNB/MCG
· Case 2) when the first eNB/CG is SeNB/SCG

Note: The first eNB/CG is the eNB/CG which is earlier in the timing.
Question 4:

· Is the additional processing time reduction (maximum close to 1ms) acceptable?
· Transmit power is largely affected by the contents of UL grant, in unsync case, due to the timing difference between eNBs, maximum 1ms additional time processing time reduction may be needed

Question 5:

· Is it allowable to keep some aspects as UE implementation matters?
· What should be specified while what can be left as UE implementation?

Question 6:

· What should be decided in RAN1 and what in RAN4?
Question 7:

· Is configuration of UE maximum transmit power per serving cell applicable in dual connectivity?
In this contribution, we present our views on UL power transmission to support dual connectivity.
2. UL power transmission
Power control
With non-ideal backhaul between MeNB and SeNB, separate power control should be supported for simultaneous UL transmission in MeNB and SeNB. For either MeNB or SeNB, the UL power control mechanism obeys the Rel-11 rules. For Rel-11 CA with ideal backhaul between PCell and SCell, a centralized scheduler can make scheduling decisions and optimize the UL transmission power for either PCell or SCell. For dual connectivity, although centralized scheduling is not feasible, it is still beneficial for high power efficiency if dynamic power sharing across MeNB and SeNB can be supported.
Proposal 1: Separate power control and dynamic power sharing across MeNB and SeNB should be supported for dual connectivity.
In current specs, UL power control operates independently for each CC in Rel-11 CA. For open-loop power control in CA, the definition of pathloss reference for UL CC obeys the following rules. If the UL CC is PCell, the pathloss reference is PCell; if UL CC is SCell and belongs to the primary TAG, the pathloss reference can be configured as either PCell or the SIB2-linked DL serving cell; If UL CC is SCell and belongs to a secondary TAG, the pathloss reference is the SIB2-linked DL serving cell. For dual connectivity, the pathloss reference of UL CCs in MeNB can obey the same rules in Rel-11 CA; while the pathloss reference of UL CCs in SeNB can be configured as either pSCell or the SIB2-linked DL serving cell.
Proposal 2: For dual connectivity, the pathloss reference of UL CCs in MeNB can obey the same rules in Rel-11 CA; while the pathloss reference of UL CCs in SeNB can be configured as either pSCell or the SIB2-linked DL serving cell.
Power head room report

PHR indicating the available UE power to eNB is used for efficient power control. In Rel-11 CA mechanism, PHR is implemented per cell and a centralized scheduler can make scheduling decisions and power control commands. For dual connectivity, centralized scheduling is not feasible due to non-ideal backhaul between MeNB and SeNB. If UE only reports the available power of activated cell in MCG to MeNB or only reports the available power of activated cell in SCG to SeNB, the power efficiency will be significantly limited. It could be useful if UE can send the available power of all activated serving cells of the UE to both MeNB and SeNB. Furthermore, it is also beneficial for dynamic power sharing to report the available power of all activated serving cells to both MeNB and SeNB.
Proposal 3: The available power of all activated serving cells of the UE sent to both MeNB and SeNB can be considered for dual connectivity.
Power scaling

In Rel-11 CA mechanism, when the total power exceeds the maximum UE power, power scaling is adopted. The power can be assigned in priority according to the following order PRACH, PUCCH, PUSCH with UCI, PUSCH without UCI and SRS. For dual connectivity, due to potentially simultaneous UL transmission to both MeNB and SeNB, the situation becomes much more complicated. The following cases should be studied.
Case 1: simultaneous transmission of PRACH to MeNB and PRACH to SeNB
Case 2: simultaneous transmission of PUCCH to MeNB and PUCCH to SeNB

Case 3: simultaneous transmission of PUSCH with UCI to MeNB and PUSCH with UCI to SeNB

Case 4: simultaneous transmission of PUSCH without UCI to MeNB and PUSCH without UCI to SeNB

Case 5: simultaneous transmission of SRS to MeNB and SRS to SeNB

For case 1, PRACH to MeNB should be given higher priority since RRC connection is kept in MeNB and mobility management is handled by MeNB. Since SR, A/N and CSI report can be carried on PUCCH, case 2 can be divided into 3 subcases. The power can be assigned in the priority order of SR, A/N and CSI report. If simultaneous transmission of SR, A/N or CSI report occurs, MeNB may have the higher priority. The similar principle can be applied to case 3. For case 4 and case 5, equal priority for MeNB and SeNB can be considered. For other cases not listed above, the Rel-11 rules can be reused.
Proposal 4: For the above 5 cases, for case 1, PRACH to MeNB should be given higher priority. For case 2, the power can be assigned in the priority order of SR, A/N and CSI report. If simultaneous transmission of SR, A/N or CSI report occurs, MeNB may have the higher priority. The similar principle can be applied to case 3. For case 4 and case 5, equal priority for MeNB and SeNB can be considered. For other cases not listed above, the Rel-11 rules can be reused.
3. Conclusions
In this contribution, we presented our views on the physical layer functionalities required to support dual connectivity and have following proposals:
Proposal 1: Separate power control and dynamic power sharing across MeNB and SeNB should be supported for dual connectivity.
Proposal 2: For dual connectivity, the pathloss reference of UL CCs in MeNB can obey the same rules in Rel-11 CA; while the pathloss reference of UL CCs in SeNB can be configured as either pSCell or the SIB2-linked DL serving cell.
Proposal 3: The available power of all activated serving cells of the UE sent to both MeNB and SeNB can be considered for dual connectivity.
Proposal 4: For the above 5 cases, for case 1, PRACH to MeNB should be given higher priority. For case 2, the power can be assigned in the priority order of SR, A/N and CSI report. If simultaneous transmission of SR, A/N or CSI report occurs, MeNB may have the higher priority. The similar principle can be applied to case 3. For case 4 and case 5, equal priority for MeNB and SeNB can be considered. For other cases not listed above, the Rel-11 rules can be reused.
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