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1 Introduction
At RAN2 #81 the dual connectivity was discussed for the first time. During the discussion many challenges and scenarios within the small cell area was identified by RAN2 [1]. In this contribution we further analyse the impact on the physical layer given these challenges and scenarios. 

	Deployment Scenarios and Challenges
1)
Macro and pico cells on the same carrier frequency (intra frequency) connected via non-ideal backhaul

Expected challenges

a)
Mobility robustness: In particular increased HOF/RLF upon mobility from pico to macro cells (see Rel-11 heterogeneous network mobility SI)

b)
Difficult to improve system capacity by utilizing radio resources in more than one eNB? (e.g. due to UL/DL imbalance issues)

d)
Frequent handovers (CN signalling / path switch)?

e)
Difficult to improve per-user throughput by utilizing radio resources in more than one eNB?

f)
Network planning and configuration effort?

2)
Macro and pico cells on different carrier frequencies (inter frequency) connected via non-ideal backhaul

Expected challenges

a)
Mobility robustness? (not investigated in Rel-11 heterogeneous network mobility SI and the problem of strong interference from macro on same carrier is not present)

b)
Difficult to improve system capacity by utilizing radio resources in more than one eNB? (e.g. due to UL/DL imbalance issues)

c)
Small cell discovery?

d)
Frequent handovers (CN signalling / path switch)?

e)
Difficult to improve per-user throughput by utilizing radio resources in more than one eNB?

f)
Network planning and configuration effort?

3)
Only pico cells on one or more carrier frequencies connected via non-ideal backhaul typically low and medium UE mobility

Expected challenges

a)
Mobility robustness? (not investigated in Rel-11 heterogeneous network mobility SI and the problem of strong interference from macro on same carrier is not present)

b)
Difficult to improve system capacity by utilizing radio resources in more than one eNB? (not clear whether this is in the scope of the SI)

d)
Frequent handovers (CN signalling)?

e)
Difficult to improve per-user throughput by utilizing radio resources in more than one eNB? (not clear whether this is in the scope of the SI)

f)
Network planning and configuration effort?
General assumptions:

1)
Non-ideal backhaul: Anything that is not a fibre which could be used to deploy remote radio heads (CPRI) (we will clarify in our TR and put in relation to definition in RAN SI TR).

Simulation Models: We do not intend to align simulation parameters or detailed scenarios and will not perform a simulation calibration exercise. 

Evaluation metrics (e.g.): 

System Throughput (capacity)

Per-user throughput

Packet delay spikes (e.g. due to mobility)

Mobility performance metrics (HOF/RLF, ToS)

UE power consumption

Implementation complexity

Transport network load

Other:

HeNBs are not precluded but so far we don’t see a need to distinguish them in terms of scenarios and challenges (even though HeNB might have lower TX power than “pico”).


2 Discussion
2.1 Impact on the physical layer design of dual connectivity
The impact of dual connectivity is on both the physical layer design as well as in the higher layers design. The design of the higher layer for dual connectivity will mainly be discussed in RAN2. There are several different possible architecture designs to handle dual connectivity each with its cons and pros. In addition to this the physical layer needs also to be considered in the overall design of dual connectivity. In this section we highlight the main topics that need to be handled in the physical layer. 
According to [2], we should consider deployments both on the macro and small cell deployed at the same frequency and separate frequency. This together with that both synchronized and un-synchronized scenario should be considered between small cells and macro cell(s). In addition we see that the focus of the Release 12 work should be to enable dual connectivity for non-ideal backhaul. 
The dual connectivity scenarios given in section 2.1 together with a design targeting a non-ideal backhaul scenario gives that each point that the UE aggregate should to as large extent as possible act independent from other aggregated points on the physical layer and MAC layer. This implies for example that the UE would report HARQ feedback, CSI feedback and be scheduled separately per point. The UE would need to receive/transmit to each node at least in some defined subframe.
Observation

· The physical layer should be defined independently per connection. 
2.1.1 Dual connectivity on separated frequencies

The first scenario we study is when the UE connects to points on different frequencies. The design on the physical layer would in this case be dependent on if the UE is able to receive from multiple points in DL simultaneously and as well if the UE is able to transmit to multiple points in the UL simultaneously. One question is whether it is important that the UE can simultaneously transmit/receive to multiple points give the scenarios in section 2.1, particularly considering the inter-node resource utilization and UL/DL imbalance. In case it is not supported some form of TDM scheme is likely needed to be introduced.
The aspect of synchronisation between the connected points needs to be considered as well. We see that if the UE is truly capable of simultaneous reception/transmission for multiple points, the aspect of synchronisation between the points will have a small impact on the overall design. If the UE is not capable of true simultaneous reception/transmission for multiple points and some form of TDM scheme is introduced, the efficiency of the TDM scheme will most likely change depending on whether or not the points are synchronised.
2.1.2 Dual connectivity on the same frequency
For the same frequency approach a particular aspect to consider is if the UE is close to a certain point, the UE may not be able to connect to any other point on the same frequency. This is because the closes point creates a dead zone around itself where the received transmission power from the closest point drowns the weaker neighbouring points. The same phenomenon may also occur in the UL. One question is whether it is important that the UE can simultaneously transmit/receive to multiple points also when it is very close to a particular point, given the scenarios in section 2.1, particularly considering the inter-node resource utilization and UL/DL imbalance. In case universal dual connectivity is required some form of TDM scheme is likely needed to be introduced.
Another aspect to consider is, if the multiple points on the same frequency the UE connects are synchronised or not. When we say that points are synchronised we mean that the points are synchronised within the cyclic prefix. For synchronised case the different PRBs pairs can be used for by different points towards the same UE. For an unsynchronised approach some form of overlaid transmission/reception is likely needed to be introduced. 
3 Conclusions

In this contribution, we have studied the physical layer implications of dual connectivity together high level impact of different network and UE support. In the contribution we observed that 

· The physical layer should be defined independently per point for dual connectivity. 

Considering that current on-going work is within a SI it is of large interest to understand the technology potential of dual connectivity. The highest performance we foresee for dual connectivity would be with the assumption that the UE can simultaneously receive and transmit towards all connected points on both separate and the same frequency. Based on this we propose
· Within the SI:s on small cell for the purpose of dual connectivity it is assumed that the UE can simultaneously receive and transmit towards all connected points on both separate and the same frequency
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