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1. Introduction
The study of small cell enhancements has been agreed in RAN#58 [1] [2]. The scope of this study item for higher layers includes:-
· Identify and evaluate the benefits of UEs having dual connectivity to macro and small cell layers served by different or same carrier and for which scenarios such dual connectivity is feasible and beneficial. [See Section 2.1]
· Identify and evaluate potential architecture and protocol enhancements for the scenarios in TR 36.932 and in particular for the feasible scenario of dual connectivity and minimize core network impacts if feasible. [See Section 2.2]
· Identify and evaluate the necessity of overall Radio Resource Management structure and mobility enhancements for small cell deployments. [See Section 2.3]
This contribution looks at these discussion topics and shows our views.
2. Discussions
2.1. Feasible Scenarios for “Dual” Connectivity
In the SI, one objective is to study and evaluate the benefits of UEs having “dual” connectivity to macro and/or small cell layers served by different or the same carrier and for which scenarios such dual connectivity are feasible and beneficial. Example scenarios for the “dual” connectivity are depicted in Fig.1.
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Fig. 1: An example of “dual” connectivity
In this left-hand side of Fig.1, a UE is in handover between small cells. If the C-Plane connection (i.e. the RRC connection or Signalling Radio Bearer is established to the macro cell and the U-Plane connection (i.e. Data Radio Bearer) is established to the macro cell and/or small cells, the handover signalling is expected to be reduced due to the persistent C-Plane connectivity to the macro cell..
In the right-hand side of Fig.1, a UE remains in a small cell. If the C-Plane connection (i.e. the RRC connection or Signalling Radio Bearer) is established to the small cell and the U-Plane connection (i.e. Data Radio Bearer) is established to the macro cell and/or small cells, the throughput performance could be improved due to the “dual” connectivity of the U-plane.
Note that in the above example scenarios, only one C-Plane connection is established as the basic architecture. In addition, the cell where the C-Plane connection has been established would control various cells in Fig.1.
Fig.1 is just an example scenario for “dual” connectivity and there may be other scenarios. Therefore, RAN2 should identify further scenarios in addition to the requirement for the C-Plane and the U-Plane architecture, which is adaptable to various small cell scenarios.
Proposal 1: RAN2 is kindly asked to discuss possible scenarios for “dual” connectivity and the requirement for the C-Plane and the U-Plane architecture based on them.

a. The architecture should be adaptable to various small cell scenarios.
b. The basic architecture should be kept i.e. there is only one C-Plane connection.
2.2. C/U-Plane Structure for “Dual” Connectivity
In the SI another objective is to study and identify and evaluate potential architecture and protocol enhancements including the overall structure of control and user plane and their relation to each other, e.g., supporting C-Plane and U-Plane in different nodes, termination of different protocol layers, etc.
Inter-eNB CA and Inter-eNB CoMP

The above “dual” connectivity could be achieved by enhancing existing mechanisms, which include CA (Carrier Aggregation) and CoMP (Coordinated Multi Point) transmission/reception, to include this inter-eNB case. For example, in existing CA, the PCell could be considered as always available for the C-Plane connection since it is never deactivated and both DL and UL control signalling has to be handled on the PCell. On the other hand, SCells would be considered as the U-Plane connection since SCells could be additional resources for the throughput performance improvement. A similar argument could be applied to the existing CoMP mechanisms.

Therefore, if CA and CoMP are extended to add the inter-eNB cases, the above mentioned “dual” connectivity could be achieved. The discussion points include:-
· The feasibility regarding the inter-eNB CA/CoMP for supporting “dual” connectivity.
· Discussions on the signalling support and protocol enhancements for the inter-eNB CA/CoMP
· Discussions on the S1/X2 signalling enhancements
Proposal 2: RAN2 is kindly asked to discuss the feasibility of using inter-eNB CA/CoMP for supporting “dual” connectivity.
Asymmetric U-Plane connections
If we assume, as described above, that the terminal has "dual” connectivity to the wide-area layer through a macro carrier where system information is carried, then the macro is providing radio-resource control (RRC). However, there may be situations where it may be of some benefit to provide some limited data radio bearer modification functionality in the small cell, perhaps when the capacity of the backhaul is limited and we may have the situation where have an asymmetric U-Plane data path, e.g. receiving DL data from both macro and small cells simultaneously, while UL is transmitted to macro and/or small cell only for the load control of the backhaul. In these situations it may be beneficial to look at the required control signalling in the small cell.
Proposal 3: RAN2 is kindly asked to study the benefits and feasibility of required control signalling for supporting asymmetric U-Plane connections in the small cells.
2.3. Mobility and Measurement
2.3.1. Minimising UE Context Transfer & Signalling to CN
In a LTE-A system, the small cell may be deployed under the coverage of macro-cell layer. If a UE in connected mode moves across the area covered by both the small cell and macro cell layers, the UE may perform the handover procedure when crossing the cell border. During the handover procedure, the UE context is transferred from the source eNB to the target eNB and signalling is exchanged between the eNB and core network entities. To minimize UE context transfer and signalling to CN, two directions are foreseen: decrease the number of handovers and reducing the signalling overhead in one handover procedure.
Decrease the number of handovers
The UE with high speed (or as also the UE with medium speed) could be steered to be served by the macro cell layer in order to reduce signalling overhead, meanwhile to boost the system capacity, the UE with lower speed is served by the small cell layer. It is possible to improve the network performance with the following two options:
1) If the eNB can know the mobility state of the UE in connected mode, it could directly configure the UE with the required measurement parameters and therefore select the right target eNB if it also knows the neighbour cell size. In this option, the precondition is that the eNB should be informed of the mobility state of UE or it is able to deduce the mobility state of the UE by itself.
2) If the eNB can’t know the mobility state of the UE in connected mode but knows the neighbour cell size, it could enhance the measurement configuration, to prevent the UE with a specific mobility state from measuring or reporting the “unwanted” neighbour cells. Thus the source eNB will select the target eNB from an optimized candidate set and then steer the UE to the correct cell layer.
Reduce the signalling overhead in one handover procedure
We may check whether or not with the small cell deployment, some signalling could be reduced. Especially with the possible dual connectivity structure, the UE context could be maintained in different eNBs. During the small-cell-involved handover procedure, possibly only some part of UE context is transferred and then signalling to CN may be reduced. However, this depends on our definition of the dual connectivity structure. We may discuss on this further after finishing the definition of dual connectivity structure.

Proposal 4: RAN2 is kindly asked to discuss the scheme to minimize UE context transfer & signalling to CN from the two options put forward above.
2.3.2. Scenarios for Measurement and Cell Identification
This section identifies some scenarios for evaluation in small cell SI by analyzing the results of HetNet mobility enhancement SI, which are listed in Table 1 considering different frequency deployments and mobility directions.
Table 1: Results covered by HetNet mobility enhancement
	
	Mobility performance
	Cell discovery/detection

	
	Intra-freq 
	Inter-freq 
	Intra-freq
	Inter-freq

	Macro-to-Small cell
	Yes
	No 
	Yes [Note1]
	Yes

	Small cell-to-Macro
	Yes
	No 
	Yes
	Yes

	Small cell-to-Small cell
	Yes (partially) [Note2]
	No
	No
	No


Note1: The latest WI of HetNet mobility enhancement [3] indicates that the small cell discovery/identification for intra-frequency is not excluded.

Note2: In small cell SI, the considered frequency band (e.g. 3.5GHz) may be higher than that in HetNet mobility SI (e.g., 2GHz). Thus, the mobility performance over high frequency band is not evaluated.
According to Table1, the potential scenarios for evaluation in small cell SI include:

1) Inter-freq mobility: Macro-to-Small cell & Small cell-to-Macro
In these scenarios, if the small cell is under the coverage of macro cell, the mobility performance can be guaranteed by the current mechanisms. However, the scenario of small cell without macro cell coverage was not evaluated in HetNet mobility. Thus, in small cell SI, the mobility performance for such scenarios needs to be evaluated first.

2) Intra-freq mobility over high frequency band & inter-freq mobility: small cell-to-small cell 

For the first scenario, as shown in Fig. 2 (a), an UE is moving across two small cells operating over the same 3.5GHz carrier. According to [4], the duration of identifying a new cell is 800ms in the worst case and the intra-frequency measurement period is 200ms. Likewise, for the second scenario, as shown in Fig. 2 (b), cell 1 and cell 2 are operating over f1 and f2, respectively. The UE may take 3.84s to identify a new frequency in the worst case and the inter-frequency measurement period is 480ms. In other words, in both scenarios, the UE may take a long period (e.g., hundreds milliseconds for intra-freq and several seconds for inter-freq) before sending one event A3 triggered measurement report to initialize the handover. On the other hand, considering the size of the small cell and UE speed (e.g., up to 30Km/h), the UE could move across a small cell quickly (e.g., the UE with speed of 30Km/h can move across the small cell with diameter of 50m [5] in 6s). Moreover, for high frequency band, the small cell’s signal may change dramatically in a short period of time. Therefore, the cell identification and intra/inter-freq measurement may delay UE’s handover in both scenarios. In addition, as shown in studies performed in the HetNet mobility SI, the mobility performance is also related to other factors, such as handover parameter setting, cell deployment, DRX setting, etc. Therefore, it would be better to perform some evaluations on mobility performance for both scenarios.
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Fig. 2: Intra-freq over high frequency band & inter-freq (small cell-to-small cell)

3) Intra/inter-freq cell discovery/identification: small cell-to-small cell

In scenario 2), the mobility performance includes the cell discovery/identification. Thus, the independent study for such scenario is unnecessary.
Proposal 5: RAN2 is kindly asked to evaluate the mobility performance of the following three scenarios before studying the measurement and cell identification enhancement:

a.
Inter-freq mobility between macro cell and small cell (without macro cell coverage); 

b.
Intra-freq mobility over high frequency band from small cell to small cell;

c. Inter-freq mobility from small cell to small cell.

2.4. Handling of Home eNB
During discussion on TR36.932, CSG/Hybrid accesses were excluded from small cell study. On the other hand, the open access mode of HeNB is still in the scope of this SI as one type of base station for small cell. Therefore proposed solutions for all issues should be able to be also applied to the open access mode of HeNB in this SI, regardless of difference of the architecture between Macro eNB and HeNB e.g. backhaul or SeGW.
Proposal 6: RAN2 is kindly asked to confirm that the open access mode of HeNB is in the scope of this SI.
3. Conclusions
With the above discussions, our proposals are shown in the following.
Proposal 1: RAN2 is kindly asked to discuss possible scenarios for “dual” connectivity and the requirement for the C-Plane and the U-Plane architecture based on them.
a.
The architecture should be adaptable to various small cell scenarios.
b.
The basic architecture should be kept i.e. there is only one C-Plane connection.

Proposal 2: RAN2 is kindly asked to discuss the feasibility of using inter-eNB CA/CoMP for supporting “dual” connectivity.
Proposal 3: RAN2 is kindly asked to study the benefits and feasibility of required control signalling for supporting asymmetric U-Plane connections in the small cells.
Proposal 4: RAN2 is kindly asked to discuss the scheme to minimize UE context transfer & signalling to CN from the two options put forward above.
Proposal 5: RAN2 is kindly asked to evaluate the mobility performance of the following three scenarios before studying the measurement and cell identification enhancement:

a.
Inter-freq mobility between macro cell and small cell (without macro cell coverage); 

b.
Intra-freq mobility over high frequency band from small cell to small cell;

c.
Inter-freq mobility from small cell to small cell.
Proposal 6: RAN2 is kindly asked to confirm that the open access mode of HeNB is in the scope of this SI.
References

[1] RP-122032, Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects.
[2] RP-122033, Small Cell Enhancements for E-UTRA and E-UTRAN – Higher-layer Aspects.

[3] RP-122007, Hetnet Mobility Enhancements for LTE.
[4] TS36.133v11.3.0, Requirement for support of radio resource management, Dec 2012.
[5] R1-125061, Discussion on scenarios for small cell enhancement in Rel-12, CMCC.
PAGE  
- 1 -

_1419920338.vsd
�


_1419762359.vsd
�


