
3GPP TSG RAN WG1 Meeting #76

                                                R1-140214
Prague, Czech Republic, 10th – 14th February 2014
Source: 
ETRI
Title: 
Physical layers functionalities to support dual connectivity operation 
Agenda Item:
7.2.5
Physical layer functionalities required for operation of dual connectivity
Document for:
Discussion/Decision
1 Introduction 
In RAN #62, a Rel-12 Work Item “Dual Connectivity for LTE” has been approved. As written in the WID [1], the work item aims at specifying Dual Connectivity operation, where a given multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in Master and Secondary eNBs. Taking the conclusions of the Study Item (TR 36.842 [2]) as starting point, the work item should fulfil the following objectives:
· 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 discuss physical layer functionalities required for dual connectivity support, including Rel1-0/11 CA extension, physical layer impacts on power control, resource partitioning, and HARQ-ACK feedback.
2 Discussion
Figure 1 illustrates dual connectivity operation for UE configured with multi carriers at each of the macro and small cell eNBs. Due to a non-ideal backhaul, the macro-cell eNB (Master eNB) and the small-cell eNB (Secondary eNB) need to perform separate/independent scheduling for PDSCH and PUSCH. This requires the two eNBs to separately manage their DCI and UCIs. 
In line with RAN2’s decision [3], those cells in connection with the UE are divided into two cell groups, i.e., a master cell group consisting of cells belonging to the MeNB, and a secondary cell group consisting of cells belonging to the SeNB. 
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Figure 1: Example of dual connectivity operation  

In addition, as described in TR 36.872, from PHY layer point of view, a dual-connectivity-capable UE should be able to directly transmit and receive signal to/from both MeNB and SeNB, either simultaneously or in other manners. 
Extension of Rel-10/11 CA to support dual connectivty:

For the UE under dual connectivity operation, a Rel-10/11 CA-like mechanism can be applied to each cell group: cross-carrier scheduling, UCI transmission including HARQ-ACK feedback are performed on a per-cell-group basis:
Downlink:

· Per-cell group basis operation

· One “PCell” is configured for each cell group.

· CSS monitoring on each “PCell”
e.g., for RA response, power control 
· Cross-carrier scheduling is allowed only between cells within the same cell group.

Uplink:

· Separate UCI transmission for MeNB and SeNB cells

· PUCCH for each cell group is transmitted on the “PCell” of the corresponding cell group.
· Independent configurations for UL channels and signals (e.g., PUSCH, PUCCH, DM RS, SRS, etc) toward MeNB and SeNBs
The resource allocation and transmission formats for UCI transmission can be defined within each cell group in a similar way as in Rel-10/11 CA, except for potential improvements to take into account potential simultaneous UCI transmissions toward MeNB and SeNB cells.

· Improvement of power control and PHR: 
· The UE can provide power headroom reports about cells belonging to the other cell group to each node.
· Power  control setting including power scaling based on prioritization between UL channels targeting different cells 
· Support of UEs without simultaneous PUCCH/PUS(C)CH capability

Simultaneous or no simultaneous UL transmission:

Depending on the geometry and uplink CA capability of the UE (whether the UE supports simultaneous transmission or not), the UE may be configured to transmit simultaneously or non-simultaneously. If simultaneous UL transmissions are not allowed, the MeNB and the SeNB may need to coordinate so that UL transmissions targeting for the two eNBs do not overlap in the same subframe. Resource partitioning between the two carrier groups, i.e., TDM would be a preferable solution in this case.
It is noted that even when the UE is allowed with simultaneous Tx towards both macro and small cells,  the simultaneous Tx may require coordination between the MeNB and SeNB for appropriate control of the UE’s power by taking into account the total transmit power limit. 
Resource partitioning and HARQ-ACK feedback:
Assuming semi-static coordination between the MeNB and SeNB, the resource partitioning is controllable only in a semi-static manner. The uplink HARQ-ACK feedback resource partitioning between different nodes results in resource partitioning for PDSCH as well because of the timing relation between PDSCH and HARQ-ACK feedback, i.e., in FDD, HARQ-ACK in subframe n+4 in response to PDSCH in subframe n. If the resource partitioning over different nodes applies for PDSCH, the UE can be allowed to perform PDCCH (EPDCCH) monitoring for limited search spaces on each carrier, which can save the UE’s battery consumption.  
To maintain the peak rate of the downlink, uplink HARQ-ACK feedback may respond to multiple PDSCH transmissions by employing HARQ-ACK bundling or multiplexing. Note that the time-domain HARQ-ACK bundling/multiplexing already exists in TDD HARQ-ACK feedback. A similar method can be employed [4].

Uplink power control:
The non-ideal backhaul condition of dual connectivity requires separate power control between the MeNB and SeNB. Hence, some degree of coordination between the nodes is necessary so that each note can estimate the power headroom for its own cell group and its dependence on the transmission for the other cell group. 
For power limited UEs, uplink subframes can be grouped into following three types. 
· Subframes dedicated for the MeNB

· Subframes dedicated for the  SeNB

· Subframes for both the MeNB and SeNB

For subframes dedicated to either the MeNB or the SeNB, the uplink scheduling and power control can be done  independently between the nodes. For subframes for both the MeNB and SeNB, information about the scheduling and power control of the other node can be helpful for each node, for example, the UE can provide power headroom reports about cells belonging to the other cell group to each node.In case transmissions for the master and secondary eNBs coincide in the same subframe, simultaneous transmission with power allocation or exclusive transmission can be adopted based on prioritization of channels and signals. The prioritization can be done considering the nature of transmitting information and the targeting eNB. For example, PUCCH for the MeNB can be given the highest priority.

3 Conclusions

In this contribution, we have discussed physical layer functionalities required for dual connectivity support, including extension of Rel-10/11 CA, power control enhancements, resource partitioning, and HARQ-ACK feedback.
· Physical layer functionalities required for dual connectivity support  

· Per-cell-group basis Rel-10/11 CA  with “Pcell” for each cell group
· Separate UCI transmission, separate UL channel and signal configurations
· Simultaneous or non-simultaneous transmissions
· Uplink power control/PHR enhancements
· Uplink subframe types

· Priority based power setting/scaling

· Report of PHR for other cell group cells
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