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1 Introduction

In RAN1 meeting #76bis, progress has been made on dual connectivity [1]: 
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 (if supported), 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
Working assumption:

· Power control changes are not allowed one carrier in the middle of subframe in asynchronous case in dual connectivity
Further, email discussion after meeting also has some initial clarification on questions and candidate solutions understandings. This contribution give more analysis on several physical layer functionalities required for supporting dual connectivity in network with non-ideal backhaul. 
2 Power control for Dual Connectivity
2.1 Dynamic power-sharing between two CGs
Dynamic power sharing between two CGs can achieve efficient power utilization UL peak data rate between two CGs. Power-sharing ratios between CGs/eNBs can be dynamically changed and no power-splitting loss when UL transmission happens to a single CG/eNB in one subframe. Also, dynamic power sharing can ensure MeNB coverage for important control information such as RRC signal, if necessary priority rules apply for the power limited cases. 
Proposal 1: Dynamic power sharing between two CGs is supported for dual connectivity.
Regarding the PMeNB/PSeNB definition, it should be considered based on dynamic power sharing. In previous discussion, there are five candidates on PMeNB and PSeNB definition as for [2]:
Candidate 1: Dynamic power-sharing without PMeNB and PSeNB. Maximum transmit power per eNB/CG 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 eNB/CG (for non-PRACH transmission, FFS on PRACH) is PMeNB or PSeNB. When UE is power-limited, depending on some prioritization rules or transmission timing, power-scaling/dropping is applied. PHR may be 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 eNB/CG (for non-PRACH transmission, FFS on PRACH) is (PCMAXPMeNB) for SeNB and (PCMAXPSeNB) for MeNB. PMeNB + PSeNB are equal or less than UE total maximum output power PCMAX.
Candidate 4: Dynamic power-sharing with PMeNB and PSeNB, where PMeNB/PSeNB is the signalling exchanged b/w eNBs (not signalled to UE). 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). 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 eNB/CG (for non-PRACH transmission, FFS on PRACH) is PMeNB or PSeNB in power-limited case, where PMeNB+PSeNB<=PCMAX. Maximum transmit power per eNB/CG is PCMAX in non-power limited case. When UE is power-limited, depending on some prioritization rules or transmission timing, power-scaling/dropping is applied. PHR is calculated using Pcmax,c or PMeNB/PSeNB.
Candidate 1 introduces less specification work without defining PMeNB and PSeNB, UE can calculate PHR and do power scaling or dropping as some prioritization rules only as power-limited PCMAX,c. But this may result in frequent power scaling or dropping for no power information interaction between two CGs. If PHR can help solve the issue, candidate 1 is a better choice.
Candidate 2 introduces PMeNB and PSeNB definition and maximum transmit power per eNB/CG is PMeNB or PSeNB. This can avoid power scaling or dropping through semi-static power splitting when PMeNB+PSeNB=PCMAX. Power scaling or dropping for power information interaction between two CGs can be reduced, when PMeNB+PSeNB>PCMAX. Power utilization could be inefficiency. Restriction is shown such as figure 1.
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Figure 1
Candidate 3 introduces PMeNB and PSeNB definition and PMeNB+PSeNB<=PCMAX, which limits the dynamic power-sharing implementation scope.
Candidate 4 defines PMeNB and PSeNB, but no signal is informed to UE, two CG interact the power information through X2, which can reduce radio interface complex. Further coordinate with each other can be base on PHR.
Candidate 5 defines PMeNB and PSeNB, and relevant signal require informing UE. Maximum transmit power per eNB/CG is PMeNB or PSeNB in power-limited case, where PMeNB+PSeNB<=PCMAX. When UE is power-limited, depending on some prioritization rules or transmission timing, power-scaling/dropping is applied. This candidate can solve the issues on power efficiency in candidate 2, but some power efficiency issues still exist as figure 1 shown. Unused power can not be avoided.
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Figure 2
Another reason to introduce PMeNB and PSeNB is to avoid starving of low priority channels/CG by limiting maximum power per CG, which could be feasible to reserve “minimum” power to the other eNB regardless of overlapped transmission(s). But this benefit can depend on UE/eNB implementation. 
Considering above analysis, candidate 1 and candidate 4 are preferred to solve dynamic power-sharing issues.
Proposal 2: Candidate 1 and candidate 4 are preferred to solve dynamic power-sharing issues.
If major companies think introducing PMeNB and PSeNB signalling is necessary for UE, the candidate 3 should be modified to ‘candidate 6’ as for:
Dynamic power-sharing with PMeNB and PSeNB, where maximum transmit power per eNB/CG can exceed PMeNB or PSeNB. 
Pcmax should be defined as a value assigned to certain subframe of the MeNB/SeNB. The transmission of power to that eNB in the subframe should not exceed Pcmax. How to derive Pcmax can left for RAN4. Power-limited operation exists if either of the two total transmission powers exceeds Pcmax.
If dynamic power-sharing between eNBs/CGs is introduced for unsynchronized case, UE needs to take into account of power requirement of the other eNB/CG before allocating its available power for the first eNB/CG according some priority rules in [3]. 
In synchronization scenario, priority rules can be applied directly. In synchronization scenario, the detail power control process can implement as Figure 3. Firstly CG 1 UL can  get the the CG0 Part 1 transmission power and CG0 Part 2 TPC power, CG 1 can do power scaling/dropping based on different UL type priority as following steps:
As illustrated in figure 3, for sunframe i of CG 1, the power should be consider together with subframe i & i+1 of CG 0. In time instant of suframe i of CG 1, power of suframe I of CG 0 is transmitted power, which can not be changed.  It should compare the channel priority between subframe i of CG 1 and subframe i+1 of CG 0, which the scheduling power is determined by up to now scheduling.
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Figure 3

In above steps transmission power is largely affected by the contents of UL grant. In asynchronous case, due to the timing difference between eNBs, maximum 1ms additional time processing time reduction may be needed. Logically, the power setting delay does not impact on the major parts of UE processing and the processing time reduction only applies to power setting part. Thus, the delay is acceptable.
Proposal 3: Define power prioritization rules for scaling or dropping on UL channel combinations when UE would exceed the maximum power.
3 Other issues for Dual Connectivity
3.1 PHR transmission for Dual Connectivity
For dual connectivity, the power control should be based on the targeted eNB for each transmission. PHR for UL transmission intended for the MeNB/SeNB needs to be reported. In addition, UE may share its power on all UL carriers which it is transmitting simultaneously. The backhaul delay between MeNB and SeNB will not allow timely exchange of PHR between MeNB and SeNB. Thus, power limit will be more frequently reached. It would be useful for each corresponding eNB to know the available power headroom for the UE on all the UE’s UL carriers. Nevertheless, it is noted that power scaling schemes is necessary even with MeNB/SeNB have PHR report of carriers, due to backhaul latency. Enhancement over existing CA PHR reporting scheme should be introduced for PHR transmission for dual connectivity. 
 In dual connectivity scenario, UE can feedback PHRs of receiving CG based on latest subframe to this CG, and feedback statistic PHR of the other CG to the receiving CG. This will mitigate the problem of backhaul latency, since the other CG’s PHRs gives a more stable value.
Proposal 4：UE feedback PHRs of receiving CG based on latest subframe to this CG, and, feedback statistic PHR of the other CG to the receiving CG.
3.2 CSS detection
Paging should be used to indicate that the cell has changed it system information. In order to aware SCG’s system information change, UE should monitor the corresponding information on MCG. 
If SPS traffic is supported in the pSCell, UE may require detecting group TPC commands in CSS with DCI format 3/3A in the pSCell. Whether the UE detects group TPC commands in CSS may partially depend on whether SPS is supported in pSCell. As the SPS is mainly for VoIP access, keeping only one SPS in Pcell is sufficient. Group power control may not be needed in small cell as it doesn’t have much user and UL inter-cell interference as macro cell. 
UE should detect RAR in common search space of pSCell, since the MeNB cannot coordination the RAR procedure for SeNB. 
In eIMTA cells, a new DCI format was agreed to support dynamic reconfiguration for eIMTA, scrambled by eIMTA-RNTI.  It should be monitored on the CSS of pSCell, as well as on the CSS of the PCell.
Since the number of blind detection for each UE search space in each CC is not desirable to be reduced and reused for CSS, we may require keeping the additional blind detection number lower as possible when the addition detection complex is not supported by UE. However, we need to decide which functionality of CSS detection must be supported before we limit the number of blind detections.
Proposal 5: Whether UE can support the full or reduced blind detection capability for pSCell should be decided further based on the pSCell functionality.
4 Conclusion
This contribution gives our opinion on the physical layer functionalities for supporting dual connectivity with non-ideal backhaul. We have the following as proposals: 
Proposal 1： Dynamic power sharing between two CGs is supported  for dual connectivity.
Proposal 2：Candidate 1 and candidate 4 are preferred to solve dynamic power-sharing issues. RAN1 consider signaling PMeNB and PSeNB with fully support of power sharing.
Proposal 3: Define power prioritization rules for scaling or dropping on UL channel combinations when UE would exceed the maximum power.
Proposal 4: UE feedback PHRs of receiving CG based on latest subframe to this CG, and, feedback statistic PHR of the other CG to the receiving CG.
Proposal 5: Whether UE can support the full or reduced blind detection capability for pSCell should be decided further based on the pSCell functionality.
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