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1
Introduction
In the RAN plenary a study item for small cell enhancements was agreed and if evaluating the work plan as shown below:

In accordance with the work plan (RP-122001) provided by the WI rapporteur, RAN2 should start in Q1 2013 to evaluate the potential issues in small cell deployments and the expected benefits of enhancements such as “dual connectivity” and other mobility management enhancements (avoid overlap with uses cases and solutions already covered by HetNet_eMOB_LTE). The evaluation should address the scenarios, metrics and requirements identified in 36.932.

One should first evaluate following:

-
Potential issues with small cell deployments

-
Expected benefits of “dual connectivity”

-
Possible small cell mobility management enhancements

In this paper we provide a view on first two aspects and especially raise some questions in order to align groups view what are the issues and what is “dual connectivity”.
2
Dual Connectivity
One of the main topics in the first quarter of 2013 is to study benefits of dual connectivity over “single connectivity”. Firstly it would be good to clarify what one means with “dual-connectivity” before considering further aspects of small cells.

First we consider single connectivity to be something resembling release 9 UE behaviour where UE only connects to a eNB (serving cell) in the physical and higher level as well as on U-plane and C-plane.

Observation 1: Single connectivity is considered to be a REL9 type of UE behaviour where UE only connects to one eNB

Dual connectivity can be seen in different ways. On one hand it can mean dual (or several) radio connections to different eNBs, e.g., macro eNB and small cell eNB. But on the other hand it could also mean that radio protocols (U-plane and C-plane) of a UE terminate in the network side in different network nodes. With the latter even a UE with single radio connection to a serving cell could have dual connectivity, if different radio protocols terminate in different network nodes, e.g., small cell eNB and macro eNB.

Rel10 carrier aggregation (CA) can be considered as dual connectivity since the UE is connected to two (or more) serving cells. However, for Rel10 CA, those serving cells all have to be controlled by the same eNB whereas in this study item separate eNBs are considered. In CA, in user-plane MAC protocol terminates in both PCell and SCell whereas RLC and PDCP terminate in PCell only. In control-plane, RRC terminates in PCell only. Even if MAC protocol terminates in different cells, for Rel10 CA they are both under the same eNB and thus all radio protocols (both U- and C-plane) are terminated in the same network node, eNB.

For dual connectivity the following interpretations need to be considered:

-
dual connectivity with dual radio connection;
-
dual connectivity with single radio connection. 

With dual radio connection, UE has physical radio connection to two different network nodes (e.g., eNBs). Furthermore, different radio protocols may terminate in different network nodes (eNB).

Here are examples of dual connectivity with dual radio connection:

-
dual radio connection both DL and UL, simultaneous rx/tx

-
dual radio connection both DL and UL, simultaneous rx, non-simultaneous tx (e.g., TDM between UL transmissions to different eNBs)

-
dual radio connection both DL and UL, non-simultaneous rx/tx (e.g., TDM between different eNBs)

-
dual radio connection in DL, single radio in UL, simultaneous rx, tx only towards one network node

In dual connectivity with single radio connection, UE has physical radio connection to only one network node (e.g., small cell eNB) but different radio protocols terminate in different network nodes (e.g., small cell and macro eNBs). So UE could be connected to macro eNB without having physical radio connection as such e.g. UE traffic on C/U-plane is directed from small cell to macro cell via NW interfaces and there is no need to physical radio connection to macro.  

We emphasize here radio protocols (AS protocols) since already Rel8 UE is connected to different network nodes at different protocol layers, e.g., MAC, RLC, PDCP and RRC terminate in eNB and NAS protocols in MME. We do not consider this kind of “dual connectivity” as part of this study item.
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Figure 1 Dual connectivity alternatives: a) dual radio simultaneous DL/UL, b) dual radio, TDM between eNBs DL/UL, c) dual radio, simultaneous DL, TDM for UL, d) dual radio DL, single radio UL, e) single radio DL/UL

Figure 1 shows some alternatives for dual connectivity. The purple arrows show the radio connection and yellow arrows show the possible data/control plane paths, showing especially that some radio protocols are terminated in macro eNB. Alternative a) is showing a dual radio alternative with simultaneous DL and UL from both radios. This requires two full transceivers in the UE. In alternative b) UE is also communicating with both eNBs but not simultaneously but instead in a TDM manner. This alternative can work with a single transceiver in the UE but requires some switching times. Alternative c) has simultaneous DL reception but UL is switched between eNBs in TDM manner. This alternative requires dual receivers but only single transmitter (which requires some switching times). Alternative d) has simultaneous DL reception from both eNBs but transmits UL only to small cell eNB (this is included for illustration purposes only). This requires dual DL receiver but only single UL transmitter. Finally, alternative e) shows dual connectivity with a single radio connection. Here the dual connectivity is in the protocol level: lower layer protocols are terminated in small cell eNB whereas some higher layer protocols are terminated in macro eNB. Notice that in all these figures only radio path is (partly) offloaded to small cells, possible backhaul offloading is not shown.

A high level comparison of dual connectivity alternatives discussed in this contribution is provided below:
Table 1: Comparison of different dual and single radio alternatives
	
	Dual radio, simultaneous DL/UL
	Dual radio, TDM between eNBs DL/UL
	Dual radio, simultaneous DL, time division connection for UL
	Dual radio DL, single radio UL (small cell)
	Single radio DL/UL (small cell)

	UE receiver/
transmitter complexity
	Requires CA capable UE with RF support for macro and small cell CA band combination
	non-CA capable UEs can potentially operate
	Requires CA capable UE with RF support for macro and small cell CA band combination, but in DL only
	Requires CA capable UE with RF support for macro and small cell CA band combination, but in DL only
	non-CA capable UEs can operate

	UL Coverage
	Potential reduced UL coverage due to limitations in UE transmission power budgets, can be avoided with smart scheduling
	Similar UL coverage of cells as in REL9 operation
	Similar UL coverage of cells as in REL9 operation
	Similar UL coverage of cells as in REL9 operation
	Similar UL coverage of cells as in REL9 operation

	Throughput
	Benefits from CA in DL and UL 
	Limited by TDM
	Benefits from CA in DL
	Benefits from CA in DL
	Limited to small cell

	Scheduling
	More freedom of DL/UL scheduling as UE is connected simultaneously to two(or more) cells
	Limitations in both DL and UL scheduling due to switching between eNBs
	More freedom of DL scheduling 
	More freedom of DL scheduling
	Single cell scheduling

	Mobility with less CN signalling, less UE context transfer
	Yes
	Yes
	Yes
	Yes
	Yes

	Power consumption when all cells are activated
	UE power consumption is increased due to multiple receivers/transmitters to be active simultaneously
	No increased power consumption due to multiple receivers/transmitters being active simultaneously
	UE power consumption increased due to multiple receivers being active
	UE power consumption increased due to multiple receivers being active
	No increased power consumption

	Additional power consumption when only one cell is activated
	Limited to measurements
	Limited to measurements
	Limited to measurements
	Limited to measurements
	No difference

	Applicable without macro coverage
	No
	No
	No
	No
	Yes

	Works with non-ideal backhaul
	Yes
	Yes
	Yes
	No, PUCCH only in small cell
	Yes


Proposal: RAN2 to discuss which of the alternatives above fall under “dual-connectivity”.

4
Conclusion
In this contribution we have discussed different alternatives for “dual connectivity” and compared different dual radio and single radio alternatives. 
Proposal: RAN2 to discuss which of the alternatives above fall under “dual-connectivity”.
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