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1 Introduction
According to the WID for dual connectivity [1], specifying dual connectivity operation prioritizes multiple Rx/Tx UE in RRC_CONNECTED mode which are configured to utilize radio resources provided by two distinct schedulers and located in MeNB and SeNB. One of the main objectives is to introduce functions and procedures to realize C-plane and U-plane protocols and architectures supporting alternatives 1A and 3C from TR 36.842 as shown in Figure 1 for the DL direction. Alternative 1A is the combination of S1-U that terminates in SeNB + independent PDCPs (no bearer split). Alternative 3C is the combination of S1-U that terminates in MeNB + bearer split in MeNB + independent RLCs for split bearers. 
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Figure 1 Architecture in TR 36.842 for the WID of dual connectivity (DL direction)
Also in the LS from RAN2 [2], it is asked whether it is feasible to support parallel preamble transmissions which are one for MeNB and the other for SeNB RACH.
Given this background, this contribution discusses the potential impact on the physical layer due to dual connectivity.
2 HARQ Operation
RAN2 agreed that, from [2], at least one cell in SeNB has configured UL and one of them is configured with PUCCH resources. Also, it was agreed in RAN2 that the cell in SeNB which is configured with PUCCH resources cannot be cross-carrier scheduled.
So far, PUCCH is transmitted only on the primary cell by aggregating HARQ-ACK information for multiple DL CCs. If the same HARQ mechanism is used for dual connectivity, the existing HARQ timing cannot be used due to the necessity of forwarding NACK from MeNB to SeNB. Since now PUCCH resources can be configured at least for one cell in SeNB, the existing HARQ mechanism can be adapted by applying it for each eNB where HARQ-ACK information does not need to be forwarded via non-ideal backhaul. When there are multiple CCs within an eNB, the existing DL HARQ operation for carrier aggregation can be reused as well within the eNB.
Observation 1: The existing DL HARQ mechanism can be easily adapted per eNB.
The allocation of PHICH resource in response to PUSCH is determined from the scheduling cell which transmits PDCCH/EPDCCH. As the scheduling cell knows the allocated RBs for PUSCH, the existing CA mechanism for UL HARQ in self-carrier scheduling, where the PHICH resource is derived from the lowest PRB index, can be readily applied for dual connectivity. When there are multiple CCs within an eNB, the existing UL HARQ operation for carrier aggregation can be reused as well within an eNB.
Observation 2: The existing UL HARQ mechanism can be reused.

3 UCI on PUSCH
In previous way of carrier aggregation, the aggregated HARQ-ACK or periodic CSI is multiplexed on PUSCH when there is PUSCH transmission. The same principle can be adapted for dual connectivity per eNB. The aggregated HARQ-ACK and/or periodic CSI are/is transmitted per eNB for UCI multiplexing on PUSCH.
Observation 3: The same rule for UCI multiplexing on PUSCH as in Rel-11 can be reused per eNB basis.

4 RACH Procedure
The RACH procedure by PDCCH order is supported for the secondary cell in the context of multiple TA. However, as per the current specification [3], there is only one random access procedure ongoing at any point in time. If the UE receives a request for a new random access procedure while another procedure is ongoing, it is up to the UE implementation whether to continue with the ongoing procedure or start with the new procedure.
As RAN2 intends to support contention-based random access for the SeNB, the parallel RACH procedure may be unavoidable. The contention-based RACH procedure would be performed when the SR resource is not available for a UE or the SR procedure fails. In consequence, a parallel PRACH preamble transmission may occur.
Msg 2 (RAR) is scheduled by PDCCH using CSS (Common Search Space) on the primary cell up to Rel-11. Considering the nature of non-ideal backhaul for dual connectivity, there might be two solutions to support the parallel RACH procedure:
· Option 1: A UE needs to decode CSS within the RAR window on a cell within the SeNB.
· Option 2: A UE needs to decode CSS within the RAR window on the primary cell within the MeNB.

With Option 1, the number of blind decoding attempts is increased by monitoring CSS on the secondary cell within the RAR window, while the network operation can be kept simpler than the other option. The RAR window starts from 3 ms after the end of the preamble transmission with a configurable ra-ResponseWindowSize duration from 2 subframes up to 10 subframes taken from the set {2, 3, 4, 5, 6, 7, 8, 10}. With Option 2, considering the potential backhaul latency, the RAR window start timing needs to be changed from 3 ms to a larger value, while keeping the same blind decoding attempts. Also, it may require the tool to distinguish the intended cell in RAR transmission.
Observation 4: The method to receive RAR on CSS needs to be clarified.
5 Power Control
Since there is one PUCCH transmission up to Rel-11, a method of power scaling among PUCCH transmissions was not required to be considered. Now that, potentially, multiple PUCCH transmissions across UL CCs are needed for dual connectivity, a rule for UL power control considering multiple PUCCH transmissions is required.

Observation 5: A new rule such as UL power control scaling for multiple PUCCH transmissions is needed.
If parallel PRACH preamble transmission is supported, the relevant power control method also needs to be modified like in the PUCCH case.
Observation 6: If a parallel PRACH preamble transmission is supported, the relevant power control method needs to be modified accordingly.

6 Conclusions
In this contribution, we discuss the potential impacts of physical layer to support dual connectivity. The existing HARQ-ACK mechanisms can be reused or easily adapted by applying for the incumbent rules per eNB basis. If the parallel PRACH preamble transmissions are allowed by a UE, it needs to be discussed on how Msg2 via CSS can be received for SeNB. The power control aspects also need to be considered given the potentially multiple PUCCH transmissions and the multiple PRACH preamble transmissions. The following observations are summarized from the discussions in this contribution:
Observation 1: The existing DL HARQ mechanism can be easily adapted per eNB.
Observation 2: The existing UL HARQ mechanism can be reused.
Observation 3: The same rule for UCI multiplexing on PUSCH as in Rel-11 can be reused per eNB basis.
Observation 4: The method to receive RAR on CSS needs to be clarified.
Observation 5: A new rule such as UL power control scaling for multiple PUCCH transmissions is needed.
Observation 6: If a parallel PRACH preamble transmission is supported, the relevant power control method needs to be modified accordingly.
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