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1. Introduction

A new work item [1] was recently agreed by RAN to specify Dual Connectivity operation in LTE Release 12. Dual connectivity (DCON) refers to the operation where an RRC_CONNECTED UE is configured to utilize radio resources provided by at least two eNBs which are connected by a non-ideal backhaul link. Based on the outcome of the preceding study [2], DCON mainly involves changes to U-plane and C-plane architecture at higher layers of the RAN protocol stack. However, some PHY impacts were also identified, wherein a UE may be independently scheduled for data reception/transmission by each serving eNB partly due to limited coordination between the participating eNBs. Therefore, the WID in [1] has the following the following objectives regarding PHY support:

· Identify and introduce physical layer functionalities required for the operation of Dual Connectivity.
· After PUCCH mechanisms are enhanced for dual connectivity, extending those enhancements to Carrier Aggregation to enable PUCCH transmission on SCell(s) for uplink Carrier Aggregation capable UEs could be considered if requiring minimal additional work.
In this contribution we address the PHY impacts for Dual Connectivity.

2. Discussion
An illustration of Dual Connectivity operation between an RRC_CONNECTED UE and two serving eNBs is depicted in Figure 1. The Master-eNB (MeNB) – terminates the S1-MME and, therefore, acts as mobility anchor towards the core network (CN). A second eNB – the Secondary eNB (SeNB) – provides additional radio resources for the UE. 
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Figure 1 Illustration of Dual Connectivity operation with two carrier frequencies
In a more general scenario, each serving eNB may control multiple serving cells operating at different carrier frequencies. Two U-plane architecture options were recommended in [2], where the main difference between these options is the point in the RAN protocol stack at which a data bearer may be split between the MeNB and SeNB. From a MAC and PHY perspective, it is sufficient to note that U-plane data may be independently scheduled by each serving eNB in DL and possibly UL for each configured cell controlled by the respective eNBs. A few observations can be made regarding the similarity between Dual Connectivity and Rel-11 CA:

1. A UE may be configured for DL-SCH reception (and UL-SCH transmission) data on two or more configured serving cells. 

a. The primary cell can be under the control of the MeNB, whereas at least one (self-scheduled) secondary cell is controlled by the SeNB.
2. Independent UL power control loops are configured for each configured serving cell irrespective of whether the cell is controlled by the MeNB or the SeNB.
3. Independent random access processes may be configured for each serving eNB. 

a. A secondary TAG can be configured for the cells controlled by the SeNB

4. The UE may be independently configured for CSI measurement/reporting and SRS transmissions for each configured serving cell. 

Based on these observations, the existing CA functionality can be reused to a large extent. As such, in the remaining part of this contribution we would strive to reuse current CA terminology, where appropriate.
The differences on the PHY between DCON and CA (e.g. CA Scenario 4) arise from the stipulation of a non-ideal backhaul link, which limits the degree of coordination between MeNB and SeNB. The latency of non-ideal backhaul spans the range [5, 60] ms as specified in TR. 36.932. Even at the low end of this range, HARQ-ACK feedback in response to PDSCH transmission in a cell controlled by the SeNB cannot be routed through the PUCCH of the PCell controlled by the MeNB without relaxing current feedback timing requirements. Therefore, the UE should transmit uplink control signaling on PUCCH/PUSCH directly to the SeNB. Towards this goal, RAN2 has agreed [3] that at least one serving cell controlled by the SeNB is configured with PUCCH resources, and, furthermore, this cell cannot be cross-carrier scheduled. 

Regarding random access RAN2 has also informed RAN1 in [3] that:

· RAN2 intends to support Contention Based Random Access for the Secondary eNB

· RAN2 agreed that the UE receives Msg2 from the eNB to which the preamble was sent.

· With regards to parallel random access procedures, one for Master eNB and the other for Secondary eNB, RAN2 agreed that it is supported if the two preamble transmissions are not overlapping. However RAN2 has not concluded for the other case, i.e. when the two preamble transmissions are overlapping. RAN2 would like to ask RAN1 whether it is feasible to support parallel preamble transmissions, one for Master eNB RACH and the other for Secondary eNB RACH.
Following CA terminology, it is straightforward to simply configure a secondary cell controlled by the SeNB with PUCCH resources. Hence, uplink control signaling meant for SCells controlled by the SeNB may be transmitted on this SCell. For the C-plane, TR 36.842 [2] proposes that the MeNB would generate the final RRC messages to be sent towards the UE after coordination of RRM functions between MeNB and SeNB. Therefore, from a PHY perspective, common and dedicated RRC signaling may only be transmitted from the MeNB. Regarding common control signaling the UE may monitor only the common search space of the PCell controlled by the MeNB. However, since contention based RA is supported the UE needs to monitor the CSS of at least one cell controlled by the SeNB. Instead of configuring different serving cells for PUCCH and CSS-monitoring it may be simpler to define a PCell for the SeNB. 
Proposal:

· For Dual Connectivity a UE is configured with a primary cell controlled by the SeNB, denoted as the S-PCell to distinguish it from the PCell controlled by the MeNB (the M-PCell). 

· The UE is configured with PUCCH resources on the S-PCell and also monitors the CSS on the S-PCell.
· Uplink control signaling for all configured SCells controlled by the SeNB should be transmitted on the PUCCH of the S-PCell. Similarly, uplink control signaling for configured serving cells controlled by the MeNB should be transmitted on the PUCCH of the M-PCell.

Figure 2 shows an example deployment where a UE is configured with up to four serving cells, where two serving cells are controlled by the MeNB and the other two cells are controlled by the SeNB.
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Figure 2 Illustration of Dual Connectivity and CA operation
Several other aspects need to be addressed as follows.

1) C-RNTI usage: it needs to be clarified whether the UE is assigned a separate C-RNTI during a contention based RA procedure to the SeNB. If a C-RNTI is allocated from the SeNB, transmissions to/from the SeNB are based on the SeNB-C-RNTI.

2) SPS: depending on how data bearers are split between MeNB and SeNB, SPS may be supported on a cell controlled by the SeNB. If supported the UE may be configured with a SPS-C-RNTI for the S-PCell.
3) Scheduling Request: similarly to SPS, it needs to be determined whether the UE may transmit a SR to the SeNB. If supported, the UE may be configured with an SR resource for the S-PCell.

2.1. Support of simultaneous UL transmission to MeNB and SeNB
RAN2 would like to know if it is feasible to support parallel preamble transmissions (our interpretation of “parallel transmission” is simultaneous preamble transmissions to MeNB and SeNB). As long as the UE is not power limited it should be possible to support simultaneous preamble transmission to both MeNB and SeNB. On the other hand, a new mechanism is required in case the total required power exceeds the UE maximum power capability.

For previous LTE releases, a UE may be configured for simultaneous transmission on PUSCH and PUCCH or on multiple PUSCH.  For these cases, if the total required power exceeds the UE maximum power capability, a power scaling procedure is followed with the following prioritization: 

· PUCCH > PUSCH with UCI > PUSCH without UCI

For DCON with independent PUCCH and PUSCH to each serving eNodeB, it is necessary to define how to prioritize power allocation in case the required power exceeds the maximum power capability.  However, it is desirable to reuse as much as possible the existing CA rules. For instance, in case of simultaneous transmission on PUSCH to one eNB and PUCCH to another eNB, the PUCCH power is prioritized, wherein the desired PUCCH power is first allocated and then any residual power may be allocated to PUSCH.  For simultaneous transmission of PUCCH to both MeNB and SeNB in the same TTI, the PUCCH power may be equally scaled since both transmissions contain UCI. Alternatively it is worth considering whether to prioritize based on the UCI type transmitted on the PUCCH.
Regarding simultaneous RA preamble transmission several options may be considered. For an ongoing RA process (e.g. when the UE is power ramping due to unsuccessful detection of a RA response), it may be desirable to prioritize this RA process over a newly initiated RA process. Alternatively, it may be left to the UE which RA process to prioritize similarly to the Rel-11 mechanism for multiple TAGs.

Proposal:
· Parallel RA preamble transmission to both MeNB and SeNB may be supported at least when the UE is not power limited

· In case of a power limitation further discussion is needed for several cases of parallel transmission to both serving eNBs including PUCCH/PUCCH, PUCCH/PUSCH, PRACH/PRACH, and PRACH/PUCCH.

3. Conclusion

In this contribution we provide a preliminary analysis of the physical layer impact of Dual Connectivity. Given the similarities between CA and Dual Connectivity it is recommended to reuse, as much as possible, the existing CA mechanisms. Some possible enhancements compared to CA include:
· For Dual Connectivity a UE is configured with a primary cell controlled by the SeNB, denoted as the S-PCell to distinguish it from the PCell controlled by the MeNB (the M-PCell). 

· The UE is configured with PUCCH resources on the S-PCell and also monitors the CSS on the S-PCell.

· Uplink control signaling for all configured SCells controlled by the SeNB should be transmitted on the PUCCH of the S-PCell. Similarly, uplink control signaling for configured serving cells controlled by the MeNB should be transmitted on the PUCCH of the M-PCell.

· Parallel RA preamble transmission to both MeNB and SeNB may be supported at least when the UE is not power limited

· In case of a power limitation further discussion is needed for several cases of parallel transmission to both serving eNBs including PUCCH/PUCCH, PUCCH/PUSCH, PRACH/PRACH, and PRACH/PUCCH.

· Other aspects for further consideration include

· Necessity of SPS and SR for the SeNB

· C-RNTI usage
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