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1 Introduction
Dual connectivity support has been discussed for several meetings in RAN1 since the approval of the WI [1]. As agreed already within RAN1, the following two sceanrios are to be considered for dual connectivity operation:

· Dual connectivity should support the scenarios where UE can assume the maximum received timing difference from MeNB and SeNB is 31.3 + X micro sec

· Dual connectivity should support the scenarios where UE can not assume any maximum timing difference from MeNB and SeNB

Furthermore, in RAN1 #76bis, the following agreements were made regarding the UCI feedback mechanism to support Rel-12 dual connectivity: 
	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`



In this contribution, we further discuss the remaining physical layer aspects for supporting dual connectivity, mainly focusing on power control aspects. 
2 Discussion 
2.1 
Power sharing 
From physical layer perspective, an essential issue to be discussed is UL power control in order to efficiently utilize the UE transmit power. In general, this issue is quite similar to UL power control handling for Rel-10/11 UL carrier aggregation in the sense that a UE needs to share its transmit power across UL carriers when UL channels are transmitted in parallel. However, DC differs from CA as non-ideal backhaul is assumed. In DC, two distinct schedulers are located in MeNB and SeNB. It is therefore not feasible for an eNB to obtain instantaneous information of the transmission power requested by the other eNB at a subframe level. Hence, the probability of UE power limitation is higher than that in the CA case. In case there is transmit power limitation at the UE side, the basic rule about how to split the power between the two eNBs should be discussed and decided first as this impacts the details of the power control algorightms. 
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Figure 1: Different power sharing schemes for dual connectivity
Two possible options exist, either semi-static or dynamic, as illustrated in Figure 1. In the former option, two seperate maximum transmit powers (e.g., PMeNB, PSeNB) or a power ratio needs to be signaled to the UE for UL transmission towards two CG/eNBs, which can be semi-statically configured together with other DC parameters. eNBs can coordinate their required power sharing in a semi-static fashion. Although this option is simple, the UE transmission power can not be fully utilized if only one CC (e.g., SeNB/SCG in Figure 1) is assigned for uplink transmission due to the hard limitation of the configured maximum transmission power, which causes unnecessary throughput perfomance degradtion and reduces the MeNB coverage. The dynamic power sharing scheme was developed to address this issue by allowing a UE to share its UL transmission power across CGs/eNBs, i.e., the UE can use the remaining power reserved for MeNB for UL transmission towards SeNB or vice versa. 
Since it would be important to utilize the UE transmission power as efficiently as possible, we propose: 
Proposal 1: For dual connectivity, dynamic power sharing between MeNB and SeNB is supported. 
2.2
Power scaling 
Before going into the details of the power scaling algorithm, it is first discussed how to define the power limited case for DC operation. 
In Rel-10/11 CA, each UL CC is configured maximum transmit power PCMAX,C, which may be diffierent per CC. PCMAX is the maximum UE power corresponding to the terminal power class. In case the total transmission power of all CCs exceeds PCMAX for any part of the subframes that partly overlap between different CCs, UE assumes the power limited case and then the power on the UL CCs is scaled so that PCMAX is not exceeded. 
In Rel-11, the maximum timing aligment difference is 32.47 us for inter-band CA with multiple TAGs. The maximum offset between UL channels to two eNBs can vary from ~30 us (i.e., synchronized case) to ~1 ms (i.e., unsynchronized case) in a DC scenario, as illustrated in Figure 2. We note that the current PCMAX definition can still apply for this case. PCMAX could be varied in different portions of a subframe when partial overlap occurs across two UL subframes for the other eNB, e.g., unsynchronized case in Figure 2. Whenever the total transmission power exceeds the calculated PCMAX in any portion of a subframe, this condition should be treated as a power limitation case. Moreover, a UE needs to perform power limation check for two overlapped periods (e.g., Part 1 and Part 2). We also note that the exact PCMAX definition could be decided by RAN4 as in Rel-11. 
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Figure 2: Illustration of UL channel overlapping in dual connecitivty
The current CA power control algorithm ensures the total transmit power does not exceed PCMAX,C for that carrier. With dual connecitivity, eNB still need to configure PCMAX,C to limit the maxium transmit power on a certain cell. 
Observation 1: The PCMAX,C parameter is still applicable for a UE with dual connectivity. 
In Rel-10/11 CA, priority order for power scaling is defined as (from high to low): PRACH > PUCCH > PUSCH with UCI > PUSCH > SRS. UE shall scale the power of all PUSCHs without UCI equally. The existing power scaling rule defined for CA could be directly reused within each eNB/CG in order to minimize the standardization effort.  
Proposal 2: If a UE is configure with dual connectivity and is in the power limited case, the Rel-11 CA power scaling rules are used within each eNB/CG. 
Even after applying the existing rules within each eNB/CG, further discussion is still needed to handle the combination of UL channels across eNBs, one to an MeNB and the other to an SeNB. It should also be noted that according to the LS from RAN2 [2] the following working assumption has been made and, therefore, it should be taken into account for UL channel prioritization across eNBs:
	Working Assumption
1 The MCG serving cells carry SRBs and are therefore essential for maintaining the connection towards the UE. 

2 The preamble transmission in the PCell is considered more important than preamble transmission in any other cell.



Having Rel-11 power prioritization rules and RAN2 agreements in mind, our preferred prioritization order for potential UL channel combination to two eNBs is as follows: PCell PRACH > Other PRACH > HARQ-ACK > SR > A-CSI > P-CSI > Data. The reasons for proposing this prioritization rule are summarized as follows:
· PCell PRACH/Other PRACH + others 
Subject to RAN2 working assumption, PCell PRACH is prioritized over all other UL signaling including other PRACH than PCell. PRACH transmission power should be constant for its duration in DC; otherwise, the orthogonality of cyclic shifts will be destroyed. For the same reason, SeNB PRACH is also prioritized over other channels except MeNB PRACH. Power on PRACH is never scaled. The deprioritized channel could be either dropped (e.g., SRS) or power scaled (e.g., HARQ-ACK/SR) after PRACH transmission power assignment. 
· HARQ-ACK > SR > A-CSI > P-CSI > Data
UCI type prioritization is ordered as in Rel-11 [3] considering HARQ-ACK reliability is more important. Moreover,L1 control information is generally more important than individual PUSCH transmission as UCI is one-shot transmission while data benefits from HARQ opeartion. However, it needs to be studied how to achieve the RAN2 design target for dual connecitivty on how to prioritize the MeNB SRB (e.g., including RRC and MAC signaling) if it is transmitted on PUSCH. This rule also implies PUSCH with HARQ or A-CSI is prioritized over PUCCH with P-CSI. 
· SRS is prioritized last. 
There is nothing fundermentally different to SRS power scaling compared to Rel-11. Therefore, we propose to reuse the Rel-11 principle. 
To summarize, the following priorization is proposed: 

Proposal 3: For a UE with dual connectivity, in case of power limitation the prioritzaiton order for potential UL channel combination to two eNBs is as follows: PCell PRACH > Other PRACH > HARQ-ACK > SR > A-CSI > P-CSI > Data.
In case of same type of UL channel transmission to two eNBs, we have the following preferenences: 

· HARQ-ACK + HARQ-ACK
Two options exist:
·  Dropping one HARQ-ACK (i.e., DTX).

·  Transmitting both of them with reduced power for the lower prioritized HARQ-ACK (i.e., SeNB). 

The second option is generally preferable considering that the MeNB link is essential due to the potential presence of SRB and it also needs to ensure HARQ-ACK transmission on MeNB with sufficient power. 
· SR + SR, P-CSI + P-CSI, P-SRS + P-SRS: 
SR and P-CSI resources are configured by two eNBs but signaled by MeNB only. Then, the network can handle the SR configurations to avoid simutanous SR or P-CSI transmission from UEs to two CGs. If this still happens, SR on MeNB should be prioritized as MeNB is typically more important and there may be a delay-sentive application such as measument reporting, etc. For P-CSI, the Rel-10 prioritization rule could be considered as well (i.e., 1st priority: Type 3,5, 6,2a; 2nd priority:Types 2,2b,2c, 4; 3rd priority: Type 1,1a.). For P-SRS, equal power scaling can be used as in Rel-11. 
Note that in case of power limitation in DC, the power scaling opeation needs to take into accout the transmit power requirement of up to two overlapping subframes on the other eNB (e.g, subframe n and n+1 in Figure 2). The working assumption that power control changes are not allowed for one carrier in the middle of a subframe in the asynchronous case in DC should be also considered. 

There are a few design alternatives that can be considered to distribute the power among UL channels in order to scale down the total power to PCMAX according to the channel prioritization rule: 

1. Equal power scaling 
2. Weighted power scaling

3. Undefined power scaling

Option 1 has been used for power scaling in current Rel-10/11 CA for channels with same prioritization order (e.g., PUSCH + PUSCH) in the fully overlapping case (see Figure 2). In DC, equal power scaling can further apply to all channels/signals after applying the Rel-11 power scaling rule within each eNB/CG. If a certain CG needs to be prioritized, this can be fulfilled by setting different Pcmax.c for the carriers within the given CG. 
Option 1 is a reasonable solution for CA as all PUSCH transmissions typically correspond to one radio bearer. However, this underlying assumption does not hold for dual conncitivty, e.g., when UP architecture 1A is implemented. In addition, considering the PUSCH transmission power to the SeNB can typically be much smaller than that to MeNB, equal power scaling can probably suspend PUSCH transmission to SeNB [4]. With these observations, Option 2 also needs to be considered for some UL channel combination cases and the weights can be configured via an RRC signal. 
In Rel-11 multiple TA operation, Option 3 is used to handle the power limitation issue considering the parital overlapping period is relatively short compared to the total subframe length. We note that a similar scenario also exists in DC and therefore Option 3 could be considered for this case. However, in the case of fully overlapping scenario or unsynchronized case, it is necessary to specify power scaling rules to avoid uncertain UE behavior. 
3 Conclusions
In this contribution, we discussed the remaining physical layer aspects for the support of dual connectivity, focusing on UL TPC operation, and proposed UL channel prioritization rules based on Rel-10/11 CA design. 
Based on the discussion, we have the following observation and proposals: 
Observation 1: The PCMAX,C parameter is still applicable for a UE with dual connectivity. 
Proposal 1: For dual connectivity, dynamic power sharing between MeNB and SeNB is supported. 
Proposal 2: If a UE is configure with dual connectivity and is in the power limited case, the Rel-11 CA power scaling rules are used within each eNB/CG.
Proposal 3: For a UE with dual connectivity, in case of power limitation the prioritzaiton order for potential UL channel combination to two eNBs is as follows: PCell PRACH > Other PRACH > HARQ-ACK > SR > A-CSI > P-CSI > Data.
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