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1 Introduction

In the RAN#62 plenary meeting, a new WI “Dual Connectivity for LTE” was approved with aiming at specifying Dual Connectivity  operation, where a given multiple Rx/Tx UE in RRC_CONNECTED mode is configured to utilise radio resources provided by two distinct schedulers, located in Master and Secondary eNBs respectively [1]. Physical layer functionalities required for the operation of Dual Connectivity should be identified and specified in RAN1. 
In this contribution we investigate the physical layer impacts of dual connectivity focusing on the uplink transmit channel, power scaling and power headroom report, while in a companion contribution [3] the downlink aspects are discussed. 
2 Small Cell Enhancements researches in Higher Layer
 Some agreements reached in the study phase of this WI [2] was listed as below which are expected to need RAN1 efforts,  
 “The general frameworks for dual connectivity are:
-
The maximum total number of serving cells per UE is 5 as for carrier aggregation.
-
Carrier aggregation is supported in the MeNB and the SeNB. I.e., the MeNB and the SeNB may have multiple serving cells for a UE.
-
In dual connectivity, a UE is connected to one MeNB and one SeNB.
-
MCG and SCG may operate either in the same or in different duplex schemes.
-
Whether cells within the MCG or the SCG can operate with different duplex schemes is pending RAN1 decision on TDD/FDD carrier aggregation. ”
And for the “PCell functionality in SCG”,
“The SeNB has to have one special cell containing at least PUCCH, and potentially also some other PCell functionality. However, it is not necessary to duplicate all PCell functionality for the special cell. For the special cell in SCG, the following principles are applied:
-
At least one cell in SeNB has configured UL and one of them is configured with PUCCH resources (could discuss whether to support more if such an enhancement is agreed for CA in Rel-12 in general).
-
FFS how a change of the cell configured with PUCCH resources in SeNB is done.
-
The cell in the SeNB which is configured with PUCCH resources cannot be cross-carrier scheduled.
-
FFS whether Semi-persistent scheduling is needed in the SeNB”
3 Physical layer impacts of Dual connectivity in Uplink
The potential physical layer impacts by Small cell enhancements higher-layer aspects was also discussed and summarized in [5]:
· Support of separate UCI (e.g., carrying ACK/NACK and CSI feedback, etc) transmission for MeNB and SeNB cells.

· Support of independent configurations for UL channels and signals (e.g., PUSCH, PUCCH, DM RS, SRS, etc) toward MeNB and SeNBs
· If any additional power control setting/scaling including PHR and prioritization between UL channels targeting different cells other than what is supported for CA needs to be supported.
In the following sections, the above three aspects of “Support of separate UCI, Support of independent configurations for UL channels, power control setting/scaling including PHR and prioritization” will be discussed. Also, the following discussion is based on the assumption of synchronization between MeNB and SeNB.
3.1 Uplink PHY channel
3.1.1 Uplink channel combinations in dual connectivity
In the Rel-10/11 carrier aggregation, which UL channel(s) for UCI transmission depends on the number of configured serving cell and whether the UE is configured simultaneous PUSCH and PUCCH transmission [4], as well as UCI type. The possible combinations include:
· Case 1: PUSCH only, in case that HARQ-ACK/SR/periodic CSI/aperiodic CSI are transmitted.
· Case 2: PUCCH only, if HARQ-ACK/SR /periodic CSI are transmitted.
· Case 3: PUCCH and PUSCH, if PUCCH/PUSCH simultaneous transmission configured, HARQ-ACK/SR would be transmitted on the PUCCH while periodic CSI/aperiodic CSI is transmitted on the PUSCH.
As mentioned above, it is decided the carriers of MeNB and SeNB are grouped into MCG and SCG respectively and one special cell containing at least one PUCCH should be supported in the SCG to deal with the non-ideal backhaul situation in the dual connectivity. To achieve this target, from physical layer point of view, the most straightforward way should be applying the mechanism defined in CA into the MCG and SCG independently. That is, each group is deemed as a carrier aggregation case and all the UL channel assignment schemes in Case1~3 would be reused within each cell group. In addition, it is preferred to allow the configuration of simultaneous PUSCH/PUCCH transmission is separately configured in each cell group.
Then the UE could separately transmit uplink channel as addressed in [4] within each group. Thus some new cases of UL channels combination other than CA scenario may exist and corresponding potential RAN1 impacts should be considered:
· Case N1: PUCCH in one cell group and PUCCH in the other cell group
· Case N2: PUCCH in one cell group and PUSCH with HARQ-ACK/SR in the other cell group
· Case N3: PUSCH with UCI(HARQ-ACK/SR/CSI) in one cell group and PUSCH with UCI in the other cell group
· Case N4: PUCCH in one cell group and PUCCH + PUSCH in the other cell group
· Case N5: PUCCH + PUSCH in one cell group and PUCCH + PUSCH in the other cell group
Proposal 1: Reuse the existing UL channel assignment for UCI transmission defined in CA to MCG and SCG separately in dual connectivity. Some resulting new cases of UL channel combinations across 2 cell groups should be supported.
3.1.2 Possible extension to CA scenarios
As stated in [6], if PUCCH offloading from Macro cell to Small cell is considered, the support of 2 simultaneous PUCCH transmissions in the dual connectivity scenario can be extended to CA scenarios. However, the necessity to support more than 2 simultaneous PUCCHs transmission needs further investigation, with respect to the potential additional standard impacts besides the ones defined in dual connectivity. Moreover, with assumption of ideal backhaul in CA, there might be some additional issues to be addressed. For example, two PUCCH both with format 3 may be transmitted simultaneously to report HARQ-ACK for DL carriers in the two groups of dual connectivity scenario. While for CA scenario, such a simultaneous transmission seems unnecessary and the payload size of format 3 is large enough to support HARQ-ACK feedback for all of the DL carriers.
Propose 2: Most of the dual connectivity mechanism can be directly extended into CA scenarios to support one additional PUCCH transmission on Scell, while some potential issues like 2 PUCCH format 3 transmissions should be addressed.
3.2 Power scaling in dual connectivity
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 collision cases are not considered in CA scenarios as it could be totally avoided by joint scheduling across multiple UL carriers. Moreover, unlike CA scenario, such a collision is not predictable so that more frequent collisions are possible. Then some new prioritization rules of power scaling other than ones defined in CA should be defined in dual connectivity.
In the Rel-10 carrier aggregation, when the total transmission power of UE exceeds the maximum UE transmission power, 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:
· Two simultaneous channels with same channel type like Case N1 or Case N3
In this case, more important UCI such as HARQ-ACK/SR should be better protected than CSI. In addition, the cell type or cell group type could be also taken into account. For example, MCG would take charge of the RRC connection of the UE so that the UL channel to MeNB may need better protection.
Moreover, in case of two simultaneous PUSCHs with UCI transmission in dual connectivity, the power allocation between them should also take into account the number of resources allocated to each PUSCH for UL-SCH data. For example, if too many resources allocated to SCG PUSCH transmission for UL-SCH data, equal priority power scaling will result in an undesirable situation that most of power is allocated to SeNB while the UCI to MCG is not well protected. 
· Two simultaneous channels with the different channel type like Case N2
When PUCCH and PUSCH are simultaneously transmitted in CA case, only CSI is possible to be transmitted in the PUSCH. So PUCCH transmission is always prioritized over PUSCH. However, for dual connectivity, PUSCH transmission with important UCI like ACK/NACK may also collide with PUCCH transmission in the other cell group. Therefore there should be possibility of providing more flexible prioritization rules in this case by jointly considering the UCI type, the cell type, and so on.
· Enhancement on the robustness of UCI transmission in dual connectivity
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 priority requesting a large amount of power (i.e. a large-size PUSCH transmission with UCI).  One straightforward solution 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 the exact scheduled resource size of PUSCH.
Proposal 3: New prioritization rules of power scaling should be considered in dual connectivity for efficient power usage and UCI transmission efficiency. 
· UCI type, cell group type and cell type should be considered in the prioritization of power scaling in dual connectivity scenario. 
· The size of PUSCH resources for UCI/UL-SCH should be taken into account in determining the priority of PUSCH with UCI.
· Mechanism to guarantee the robustness of UCI transmission should be investigated, especially for UCI carried by PUSCH.
3.3 Power headroom report for dual connectivity
In Rel-10 CA, power headroom is computed and reported per component carrier. In dual connectivity scenarios, due to the non ideal backhaul, it difficult for an eNB to timely acquire power headroom report of a UE for another eNB. It is desired to share the available power of a given UE between MeNB and SeNB as efficiently as in CA. So it was proposed in [7] that UE should send power headroom reports for the serving cells of MCG and SCG to both eNBs. Moreover, some scheduling decision of one eNB will be helpful for the other eNB to make good use of such PHR information, for example, the transport format of PUSCH together with the corresponding PHR. Such information can make the other eNB aware of UE’s total power usage, and then help to adjust its own scheduling or control another eNB’s scheduling for efficient UL transmissions. In dual connectivity scenarios, such information could also be shared between eNBs through backhaul signaling. From RAN1 perspective, a new power headroom calculation assuming some fixed parameters for transport formats could be considered. 
Proposal 4: The procedure of power headroom calculation and report should be studied for efficient power sharing between UL transmissions towards both eNBs. 

4 Conclusions
In this contribution we investigated 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: Reuse the existing UL channel assignment for UCI transmission defined in CA to MCG and SCG separately in dual connectivity. Some resulting new cases of UL channel combinations should be supported.
Proposal 2: Most of the dual connectivity mechanism can be directly extended into CA scenarios to support one additional PUCCH transmission on Scell, while some potential issues like 2 PUCCH format 3 transmissions should be addressed.
Propose 3: New prioritization rules of power scaling should be considered in dual connectivity for efficient power usage and UCI transmission efficiency.
· UCI type, cell group type and cell type should be considered in the prioritization of power scaling in dual connectivity scenario. 
· The size of PUSCH resources for UCI/UL-SCH should be taken into account in determining the priority of PUSCH with UCI.
· Mechanism to guarantee the robustness of UCI transmission should be investigated, especially for UCI carried by PUSCH. 
Proposal 4: The procedure of power headroom calculation and report should be studied for efficient power sharing between UL transmissions towards both eNBs. 
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