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1 Introduction

In the RAN1#76 meeting, some working assumption and schemes for Dual Connectivity should be supported, as following [1]: 
Working assumption:
· 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
· Note: The value X is up to RAN4 decision on the potential requirements of synchronization accuracy between MeNB and SeNB
· Dual connectivity should support the scenarios where UE can not assume any maximum timing difference from MeNB and SeNB

· SFN-level alignment across MeNB and SeNB is up to RAN2 decision
Agreements:
· At least following schemes are supported
· At least the following, uplink control information (UCI) related to the PDSCH/PUSCH operation in SCG is transmitted to the SeNB only

· HARQ-ACK for PDSCH of SCG cells

· Periodic and aperiodic CSI of SCG cells

· HARQ-ACK and CSI related to MCG is transmitted to the MeNB only

· In SCG, the UCI transmission rules as in Rel-11 are supported, with the Pcell replaced by the pSCell:

· Physical channel (PUCCH or PUSCH) in which UCI is transmitted

· Selection of the cell in which UCI is transmitted in case of UCI on PUSCH

· Selection of PUCCH resources for HARQ-ACK

· Periodic CSI dropping rules

· Handling of UCI combinations

· HARQ-ACK timing and multiplexing

In this contribution we investigate the physical layer impacts of dual connectivity focusing on the uplink power allocation with respect to synchronized and unsynchronized deployments between MeNB and SeNB, while in a companion contribution [2] the PHR aspects are discussed. 
2 Power allocation in dual connectivity in power-limited case
2.1 Configurations of maximum transmit power for each cell group
When the MeNB and SeNB schedule independently and are connected in a non-ideal backhaul, it is not feasible for an eNB to obtain an accurate and instantaneous information of the transmit power required by the cell group of the other eNB.  Thus the sum of required power by both eNBs may exceed the maximum tx power of UE.  As mentioned by [3], there is a straightforward approach to avoid such problem, by which a maximum transmit power PCMAX,group for each of the MCG/MeNB and SCG/SeNB for a UE is defined. And the sum of the two PCMAX,group does not exceed total maximum transmit power of the UE. However, the potential drawback of such a semi-static power allocation scheme is that it may limit the UE UL peak rate by restricting the total resource blocks allocated to the UE. 
Therefore, it is instead preferred that the configuration of the maximum transmit power for each group can reach the total maximum transmit power of the DC UE. In this sense, the sum of two configured maximum power should be the double of the maximum transmit power. By this way, no explicit configuration signalling is needed. 
Proposal 1: The maximum transmit power for each cell group should reach the total maximum transmit power of UE. Corresponding power scaling rules should be considered in case of power-limited scenarios.
2.2 Power scaling rules in power-limited case
In dual connectivity case, the transmission of PUSCH with UCI, PUSCH without UCI, PUCCH, SRS, and PRACH channels to the MeNB and SeNB may coincide with each other. Some new combination of simultaneous uplink transmission channels may occur, for example, PUCCH and PUCCH, PUCCH and PUSCH with HARQ-ACK, etc [4]. Unlike CA scenario, 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 ones defined in CA.
Proposal 2: New prioritization rules of power scaling should be defined for dual connectivity, other than ones defined in CA. 
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 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. Some 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 same priority as the HARQ-ACK on PUCCH. 

· PUSCH with UCI+PUSCH with UCI

The size of resources allocated for UCI/UL-SCH data transmission may vary largely due to the independent scheduling, thus the size of resources allocated for UCI/UL-SCH data transmission in PUSCH could be taken into account when determining the priority for power scaling also. 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 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, 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. 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 3: New combination of simultaneous uplink transmission channels should be considered for prioritization of power scaling in dual connectivity. 

Proposal 4: The 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 for some flexibility for UE to extend UCI resources in PUSCH according to the exact scheduled resource size of PUSCH.
Proposal 5: Mechanism to guarantee the robustness of UCI carried by PUSCH transmission should be investigated.
2.3 Power scaling for unsynchronized case
In Rel.11 CA scenario, with ideal backhaul, the time misalignment of two serving cells will not exceed one symbol. And the overlapping due to multiple TAG could be known to all the cells. As shown in Figure.1, the max overlapping portion is less than 30.26 micro sec, which is less than one symbol. 
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Figure.1 Uplink subframe overlap in CA scenario
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.
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Figure.2 Uplink subframe overlapping in DC
with unsynchronized deployment of MeNB and SeNB

Taking Figure 2 as example, for a subframe of one TAG, there are two portions which are overlapped with two consecutive subframes of the other TAG. The power of different portions within one subframe of TAG 1 may be different if power scaling is carried separately in each portion, with respect to the simultaneous TAG2 UL transmission was in two consecutive subframes with different channel type and priority, which may leads to performance decrease for UL reception. On the other hand, if the two DMRS symbols in a subframe have different transmission power due to being located in different portions, the OCC for DMRS can not achieve orthogonality between multiplexing UEs anymore. Therefore, eNB should be informed of the region of each portions and assume the UL power within each portion is even but not across portions, especially for successful reception of the PUSCH with high order modulation.  
Proposal 6: DC UE should inform each eNB the region of two portions within one UL subframe, and assume the UL tx power within each portion is even but not across portions.
3 Conclusions
In this contribution we investigate the physical layer impacts of dual connectivity in the uplink from several aspects of the uplink transmit channel, power scaling and power headroom report. Based on the analysis we have the following proposals:
Proposal 1: The maximum transmit power for each cell group should reach the total maximum transmit power of UE. Corresponding power scaling rules should be considered in case of power-limited scenarios.
Proposal 2: New prioritization rules of power scaling could be defined for dual connectivity, other than ones defined in CA.
Proposal 3: New combination of simultaneous uplink transmission channels should be considered for prioritization of power scaling in dual connectivity. 

 Proposal 4: The size of PUSCH resources for UCI/UL-SCH should be taken into account in determining the priority of PUSCH with UCI.

Proposal 5: Mechanism to guarantee the robustness of UCI transmission carried by PUSCH should be investigated, especially for UCI carried by PUSCH.
Proposal 6: DC UE should inform each eNB the region of two portions within one UL subframe, and assume the UL tx power within each portion is even but not across portions.
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