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1 Introduction

In RAN#58, the feasibility study for LTE small cell enhancement: physical layer aspects [1]was approved. A companion study item for small cell enhancement for higher layer protocol [2] was also agreed. The objectives of the small cell enhancement study item for physical layer aspects include,

· Physical layer study and evaluation for small cell enhancement higher-layer aspects, in particular concerning the benefits of mobility enhancements and dual connectivity to macro and small cell layers and for which scenarios such enhancements are feasible and beneficial.
This paper discusses the physical layer issues in supporting dual connectivity.   
2 Physical Layer aspects of Dual Connectivity
Dual connectivity involves multiple cells in geographically separated locations, such as macro cell and small cells, with non-ideal backhaul as shown in Figure 1.   With the constraint of non-ideal backhaul between small cells and macro cell, joint operation of multiple cells could be only achieved semi-statically but not dynamically.       
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Figure 1: Dual connectivity in small cell deployment scenarios
Compared to Rel-10 CA, additional physical layer enhancements would be required to support dual connectivity, as follows:
· Simultaneous uplink transmissions to macro and small cells –  Simultaneous UL transmissions of PUCCH+PUCCH and, PUCCH+PUSCH are inevitable in dual connectivity when multiplexing of UL control information is not possible with non-ideal backhaul.   UCI considerations for dual connectivity are discussed in detail in [5]. However, simultaneous transmissions of combinations of UL channel with different formats, such as PUCCH format 1, 2, and 3, as listed below would need further study, also taking into account the fact that the timing differences between the cells may be much greater than was considered for CA with multiple TAGs.  
· PRACH + PUCCH and PRACH + PUCCH/SRS

· PRACH + PUSCH and PRACH + PUSCH/SRS

· SRS + PUSCH

· SRS + PUCCH
· UL power control and power scaling – UL power control enhancement to control the interference to neighboring cells in dense small cell deployments is discussed in [6]. To support UL transmissions in dual connectivity, UEs would need to have at least two independent power control loops with one for each cell, since macro and small cells could not dynamically coordinate the Tx power and MCS assignment of the scheduled simultaneous UL transmission.    Power control for dual connectivity would need to take into consideration the increased PAPR that would result from multiple simultaneous UL transmissions.   The power scaling strategy when Pcmax is reached would also need further study for dual connectivity.   
· Timing of UL transmission – The TA for UL transmission would need to be be individually configured and adjusted for each cell in dual connectivity.   This is similar to different TAGs in Rel-11 CA, but the range of timing difference between different TAGs in dual connectivity would be expected to be much larger than that in Rel-11 CA due to distributed TA assignment at each cell and large variation of propagation delays between two links.   
3 Conclusions

In this paper, we identify and discuss the physical layer aspects that would need to be studied to support dual connectivity.   These aspects include:

· Interactions between different channels, 
· UL power control and power scaling, 
· UL transmission timing and TA.
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