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1 Introduction
In RAN#62, a new Rel-12 Work Item “Dual Connectivity for LTE” [1] led by RAN2 was approved, the scope of which includes “Identify and introduce physical layer functionalities required for the operation of Dual Connectivity”.  In this contribution, we discuss the L1 support of dual connectivity for LTE, and several areas with RAN1 specification impacts are identified.
2 General assumptions for L1 support of dual connectivity 
Dual connectivity operation is defined as that a given multiple Rx/Tx UE in RRC_CONNECTED is configured to utilize radio resources provided by two distinct schedulers, located in Master and Secondary eNBs (MeNB and SeNB). The main difference for dual connectivity from carrier aggregation is that the MeNB and SeNB are deployed at different locations with non-ideal backhaul. Given the RAN2 discussion during the SI and the WID in [1], the following shall be assumed for the L1 design of dual connectivity in Rel-12.

· For each UE with dual connectivity, serving cells from one MeNB and one SeNB can be configured.

· There can be multiple serving cells configured to the UE on the MeNB and/or SeNB.

· MCG (Master Cell Group) is the group of serving cells associated with the MeNB. 

· SCG (Secondary Cell Group) is the group of the serving cells associated with the SeNB.
· The MeNB and the SeNB can be of different frequency bands.

· UE supporting dual connectivity shall have multi-Rx to support simultaneous reception from the MeNB and SeNB, and shall have multi-Tx to support simultaneous transmission to the MeNB and SeNB.

In the following, RAN1 impacts to support LTE dual connectivity are discussed. 
3 L1 impact due to dual connectivity
3.1 PDCCH CSS on serving cell(s) in SCG
RAN2 has agreed to support Contention Based Random Access for the SeNB in dual connectivity and Msg 2 is received from the eNB to which the preamble was sent. To support Msg 2 transmission, PDCCH CSS shall be defined on at least one serving cell in SCG. In addition to the DCI scrambled by RA-RNTI, DCI of other formats or other RNTIs may need to be transmitted on the PDCCH CSS on the serving cell in SCG, e.g. the group common UL-DL reconfiguration DCI with eIMTA-RNTI, power control commands with DCI format 3/3A, etc.
L1 impact area 1: Support of PDCCH CSS on serving cell(s) in SCG

· The number of serving cells in SCG that can have PDCCH CSS

· The blind decoding candidates for PDCCH CSS and PDCCH USS on the serving cell in SCG

· The supported DCI formats and RNTIs in the PDCCH CSS on the serving cell in SCG.

3.2 UE assumption on timing difference between MCG and SCG 
In CA scenarios, cells with frame timing and SFN aligned can be aggregated for a UE. A UE should cope with a relative propagation delay difference up to 30us among the component carriers to be aggregated in inter-band non-contiguous CA. This implies that a UE should cope with a delay spread of up to 31.3us among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 1.3us.
For dual connectivity and the serving cells in the same eNB (either MeNB or SeNB), it is straight forward that frame timing and SFN alignment, as well as the UE assumption of maximum Rx timing difference shall still hold as the CA scenarios. On the other hand, it is not decided whether such assumptions hold between MCG and SCG. 

L1 impact area 2: UE assumption of timing difference between MCG and SCG

· The assumption of frame timing and SFN alignment between MCG and SCG

· The necessity and value of UE assumption on maximum DL Rx timing difference between MCG and SCG 
Note that this area may have a large impact on uplink power control in dual connectivity.
3.3 PUCCH on serving cell(s) in SCG
In order to support dual connectivity, at least one serving cell in SCG shall be able to carry PUCCH. Following the CA design principle that PUCCH can only be transmitted on PCell, it may be desirable to support PUCCH in only one serving cell in SCG for dual connectivity. The UCI that can be transmitted on PUCCH in the SCG serving cell shall include HARQ-ACK, periodic CSI, and SRI. PUCCH can be transmitted concurrently in a serving cell in MCG and a serving cell in SCG. Given that there are multiple HARQ-ACK feedback schemes, it is possible to configure different HARQ-ACK feedback schemes for MCG and SCG, such that the tradeoff between HARQ-ACK reliability and DL throughput can be well balanced. The detailed HARQ-ACK feedback mechanism may largely reuse the existing designs, but only considering the HARQ-ACK corresponding to the serving cells in the respective MCG or SCG.
L1 impact area 3: PUCCH on serving cell(s) in SCG

· The number of serving cells in SCG that can have PUCCH
· The UCIs that can be transmitted on PUCCH in SCG serving cell(s)

· Configurations of HARQ-ACK feedback schemes for MCG and SCG

· HARQ-ACK transmission schemes for MCG and SCG
3.4 Uplink power control
Given that PUCCH can be transmitted on multiple serving cells, and RACH preamble can also be transmitted on multiple serving cells, it is necessary to update the uplink power control to support dual connectivity. In addition, if it is decided that frame timing and SFN alignment cannot be assumed between MCG and SCG by a UE, then UE power scaling in case of max power limitation needs to be revisited. Power headroom reporting shall also be updated since scheduling is performed independently in MeNB and SeNB.
L1 impact area 4: Uplink power control

· Concurrent PUCCH transmission in MCG and SCG

· Concurrent PRACH preamble transmission in MCG and SCG

· Power scaling in case of power limitation

· PHR in MCG and SCG 
3.5 UE category related L1 processing capability
UE category defines the DL-SCH and UL-SCH L1 processing capability, as well as the soft channel bits [3]. For dual connectivity, since scheduling is performed independently in MeNB and SeNB, there shall be some mechanism to ensure that the combined scheduling decision from MeNB and SeNB does not exceed the UE L1 processing capability as defined by the UE category. One possible way is to partition the UE processing capability between the MCG and SCG. UE soft buffer handling may also need to be updated.

L1 impact area 5: UE category related L1 processing capability

· Methods to ensure independent scheduling in MeNB and SeNB does not exceed UE capability
· UE soft buffer handling
4 Conclusions
In this contribution, we first outline the assumptions that RAN1 shall use in the design of L1 support for dual connectivity, i.e.

· For each UE with dual connectivity, serving cells from one MeNB and one SeNB can be configured.

· There can be multiple serving cells configured to the UE on the MeNB and/or SeNB.

· The MeNB and the SeNB are of different frequency bands.

· UE supporting dual connectivity shall have multi-Rx to support simultaneous reception from the MeNB and SeNB, and shall have multi-Tx to support simultaneous transmission to the MeNB and SeNB.

Then we list several areas with L1 impact to support dual connectivity, including but not limited to:
L1 impact area 1: Support of PDCCH CSS on serving cell(s) in SCG

· The number of serving cells in SCG that can have PDCCH CSS

· The blind decoding candidates for PDCCH CSS and PDCCH USS on the serving cell in SCG

· The supported DCI formats and RNTIs in the PDCCH CSS on the serving cell in SCG.

L1 impact area 2: UE assumption of timing difference between MCG and SCG

· The assumption of frame timing and SFN alignment between MCG and SCG

· The necessity and value of UE assumption on maximum DL Rx timing difference between MCG and SCG 

L1 impact area 3: PUCCH on serving cell(s) in SCG

· The number of serving cells in SCG that can have PUCCH

· The UCIs that can be transmitted on PUCCH in SCG serving cell(s)

· Configurations of HARQ-ACK feedback schemes for MCG and SCG

· HARQ-ACK transmission schemes for MCG and SCG

L1 impact area 4: Uplink power control

· Concurrent PUCCH transmission in MCG and SCG

· Concurrent PRACH preamble transmission in MCG and SCG

· Power scaling in case of power limitation

· PHR in MCG and SCG 
L1 impact area 5: UE category related L1 processing capability

· Methods to ensure independent scheduling in MeNB and SeNB does not exceed UE capability

· UE soft buffer handling

We propose that the above areas shall be discussed in support of dual connectivity in Rel-12.
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