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1 Introduction
As written in TR 36.932, small cell enhancement should target the deployment scenario in which small cell nodes are deployed under the coverage of one or more than one overlaid E-UTRAN macro-cell layer(s). Hence, it would be the most essential scenario that the UE is in coverage of both the macro cell and the small cell simultaneously. 
Our assumption is that when the UE is in coverage of both the macro cell and the small cell, the UE would be typically connected to both the macro cell and one or more small cells simultaneously. With this assumption, in this document, we describe potential connectivity models for the case that the UE is connected to both macro cell and small cell(s), and compare them for 3GPP to select the target connectivity model for small cell enhancement.
2 Potential Connectivity Models
Figure 1 shows the scenario where the UE is connected both the macro cell and the small cell while the UE is in coverage of both the macro cell and the small cell. We take into account the following 4 connectivity models in E-UTRAN for small cell enhancement:
A)  Intra-eNB CA model (see section 2.1)
B)  Inter-eNB CA model (see section 2.2)
C)  Inter-eNB C/U Split model (see section 2.3)
D)  Inte-eNB RRC Split model (see section 2.4)
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Figure 1: The scenario where the UE is connected both the macro cell and the small cell simultaneously
Hereinafter, we explain what each connectivity model means in each sub-section.
2.1 Model A: Intra-eNB CA model

This connectivity model shown in Figure 2 has the following characteristics:
	· The macro cell and the small cell belong to the same eNB.

· One RRC connection is established with the macro cell.
· All SRBs and all DRBs are established with PDCP and RLC at the macro cell.
· L1 connection only is established with the small cell.
· There is one MAC entity common to both the macro cell and the small cell.


In the UE side, UE establishes a RRC connection with the macro cell, and then UE establishes a L1 connection with the small cell.
E-UTRAN supporting this model deploys the macro cell and the small cell in the same eNB. There is no split of control plane and user plane in E-UTRAN. E-UTRAN has only one MAC entity which is common to the macro cell and the small cell for the UE. E-UTRAN establishes PDCP and RLC entities for all radio bearers of the UE at the macro cell. 
E-UTRAN supporting this model is very similar to E-UTRAN supporting the existing carrier aggregation. UE supporting CA could consider the macro cell as PCell and the small cell as SCell. 
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Figure 2: Intra-eNB CA model [Model A]
It is understood that both E-UTRAN and UE already support this model for carrier aggregation from Rel-10/11. Thus, a main benefit of this model is to require only minor impacts on E-UTRAN and UE for small cell enhancement. A major change of E-UTRAN and UE might happen only at the physical layer for small cell enhancement.

However, this model does not support the case that the macro cell and the small cell belong to different eNBs. This seems to be a major drawback of this model, because small cell owners, e.g. operators, could deploy small cells only through the same eNBs supporting the macro cells.
2.2 Model B: Inter-eNB CA model

This connectivity model shown in Figure 3 has the following characteristics:
	· The macro cell and the small cell belong to different eNBs with an inter-eNB interface Xb.

· One RRC connection is established with the macro cell

· All SRBs and all DRBs established with PDCP and RLC at the macro cell

· L1 connection is established with the small cell

· There is one MAC entity at the macro cell (and, possibly another MAC entity at the small cell).


In UE side, UE establishes a RRC connection with the macro cell, and then UE establishes a L1 connection with the small cell.

E-UTRAN supporting this model deploys the macro cell and the small cell in different eNBs. There is one network interface between different eNBs, i.e. Xb shown in Figure 3. The Xb interface supports exchange of necessary information between eNB controlling the macro cell and eNB controlling the small cell, in order to support a radio interface with the UE. 
The eNB controlling the small cell has no interface with the serving GW for the UE. The eNB controlling the small cell sends all user traffic received from the UE to the eNB controlling the macro cell. Then, the eNB controlling the macro cell sends the received user traffic to the serving GW for the UE.

There is no split of control plane and user plane in E-UTRAN. But, E-UTRAN has one physical layer at the macro cell and another physical layer at the small cell for the UE.

When it comes to the MAC layer, E-UTRAN could have a single MAC only at the macro cell, as shown at Model B1 in Figure 3. Alternatively, E-UTRAN could have one MAC entity at the macro cell and another MAC entity at the small cell for the UE, as shown at Model B2 in Figure 3.

Model B1: Inter-eNB CA with a single MAC
The single MAC entity at the macro cell provides all MAC functionalities such as HARQ, Scheduling and Random Access. Hence, eNB controlling the small cell sends all MAC PDUs received from the UE to eNB controlling the macro cell. And, eNB controlling the macro cell may send some MAC PDUs to eNB controlling the small cell, in order to transmit the MAC PDUs from the small cell to the UE, depending on scheduling.
Model B1: Inter-eNB CA with MAC split

While the MAC at the macro cell provides entire MAC functionalities, the MAC at the small cell, called secondary MAC, provides limited or entire MAC functionalities for the UE. For instance, HARQ transmission/re-transmissions could be done over the L1 connection directly between the s-MAC of the small cell and the UE, in order for the network to avoid inter-eNB delay over Xb.
Note that RRC is located only at the macro cell. The RRC at the macro cell performs connection control, mobility and radio bearer management for both the macro cell and the small cell.
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Figure 3: Inter-eNB CA model [Model B1 on the left, and B2 on the right]
To our understanding, this model would require relatively minor impacts on UE supporting CA from RAN2 perspective, if we utilize Rel-10/11 CA for small cell enhancement. However, there would be some impact on the E-UTRAN side from RAN2 perspective, mainly due to inter-eNB communication.
When it comes to B1 model, we might need to take into account inter-eNB delay for MAC operation such as HARQ operation. It seems to be questionable whether or not B1 supports all categories of backhaul. When small cell owners deploy small cells based on B1 model, they may have limitation due to backhaul latency.
On the other hand, if we accept B2 model, i.e. MAC split between different eNBs, we could install the s-MAC at the small cell and then allow s-MAC to independently operate some MAC functionalities such as HARQ, scheduling and random access. Thus, B2 model may alleviate some impacts that are expected to occur due to inter-eNB latency. 
However, E-UTRAN supporting B2 model may have some inter-eNB communications over the Xb interface, due to independent PHY/MAC operations between different eNBs for the same UE. Also, E-UTRAN supporting B1 model may possibly have inter-eNB communications due to independent PHY operations between different eNBs for the same UE. Considering dynamicity in PHY/MAC operations, we could expect frequent exchange of PHY/MAC information between different eNBs, such as scheduling information and HARQ information. Increased overhead that might occur due to frequency information exchange between eNBs seems to be a drawback of model B.
Note that we also expect inter-eNB communications related to RRC function because RRC is located only at the macro cell. For instance, eNB controlling macro cell needs to communicate with eNB controlling the small cell, in order to reconfigure radio resources at the small cell.

In addition, as written in TR 36.932, small cell enhancement should support significantly increased user throughput for both downlink and uplink. Hence, we expect that heavy user traffic would flow from the small cell to the macro cell over inter-eNB interface according to this model. In this sense, if eNB controlling the macro cell receives user packets from eNB controlling the small cell, eNB controlling the macro cell should process more amounts of user packets than before. It could be one of the drawbacks of this model.
2.3 Model C: Inter-eNB C/U split model

This connectivity model shown in Figure 4 has the following characteristics:
	· The macro cell and the small cell belong to different eNBs with an inter-eNB interface Xc.

· One RRC connection is established with the macro cell

· SRBs (and possibly a few DRBs) are established with PDCP and RLC at the macro cell
· All DRBs (or most of DRBs) are established with PDCP and RLC at the small cell

· L2 connection is established with the small cell for user plane of the radio interface.
· There is one MAC entity at the macro cell and another MAC entity at the small cell.


In the UE side, UE establishes a RRC connection with the macro cell, and then UE establishes a L2 connection with the small cell.

E-UTRAN supporting this model deploys the macro cell and the small cell in different eNBs. There is one network interface between different eNBs, i.e. Xc shown in Figure 4. The Xc interface supports exchange of necessary information between eNB controlling the macro cell and eNB controlling the small cell, in order to support a radio interface with the UE.

There is split of control plane and user plane in E-UTRAN. The eNB controlling the small cell has a direct interface with the serving GW for the UE. The eNB controlling the small cell can send all user traffic received from the UE directly to the serving GW for the UE. 
E-UTRAN has one L1/L2 at the macro cell and another L1/L2 at the small cell for the UE. While the MAC at the macro cell provides entire MAC functionalities for the macro cell, the MAC at the small cell provides entire MAC functionalities for the small cell. Compared to model B, the MAC of the small cell in this mode is allowed to independently operate MAC functionalities for the small cell. Hence, we could say that relationship between MAC entities in different cells connected to the same UE is more or less weak.
RRC is located only at the macro cell. The RRC at the macro cell performs connection control, mobility and radio bearer management for both the macro cell and the small cell. Namely, the macro cell controls management of all DRBs and radio resources, even though the DRBs and radio resources are established/configured at the small cell.
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Figure 4: Inter-eNB C/U split model [Model C]
One benefit of this model is that eNB controlling the macro cell needs not to process an amount of user traffic that is expected to significantly increase for both downlink and uplink due to small cell enhancement, compared to Model A and B. It is because eNB controlling the small cell have a direct interface with the serving GW for sending or receiving user traffic. Also, thanks to the direct interface with the serving GW, heavy user traffic does not flow between the small cell and the macro cell via Xc for radio transmissions with the UE.
Regarding this model, we could utilize Rel-10/11 CA to reduce impacts on UE for small cell enhancement. On the other hand, there would be significant impact on the E-UTRAN side, mainly due to the split of control plane and user plane of the radio interface which requires change of E-UTRAN architecture.
Compared to the previous models, PDCP also needs to be established at the small cell. This would raise an issue on AS security, because of security function in PDCP. For instance, it would be questionable whether or not different PDCP entities in different eNBs need to apply encryption of user traffic based on different security keys. Due to this issue, this model could increase complexity in E-UTRAN and UE.
E-UTRAN supporting this model may have inter-eNB communications over the Xc interface for the same UE. However, compared to Model B, we could more or less avoid exchanging dynamic information between different eNBs, because L1/L2 entities in different eNBs more or less independently operate.
Note that we also expect inter-eNB communications related to RRC function because RRC is located only at the macro cell. For instance, eNB controlling macro cell needs to communicate with eNB controlling the small cell, in order to reconfigure DRBs or radio resources at the small cell.
2.4 Model D: Inter-eNB RRC split model

This connectivity model shown in Figure 5 has the following characteristics:
	· The macro cell and the small cell belong to different eNBs with an inter-eNB interface Xd.

· One RRC connection is established with the macro cell and another RRC connection with the small cell
· SRBs (and possibly a few DRBs) are established with PDCP and RLC at the macro cell
· SRBs and all DRBs (or most of DRBs) are established with PDCP and RLC at the small cell

· The RRC connection established with the small cell is used for management of user plane at the small cell.
· There is one MAC entity at the macro cell and another MAC entity at the small cell.


In the UE side, UE establishes a RRC connection with the macro cell, and then UE establishes a RRC connection with the small cell. Thus, UE has dual RRC connections with the network.
E-UTRAN supporting this model deploys the macro cell and the small cell in different eNBs. There is one network interface between different eNBs, i.e. Xd shown in Figure 5. The Xd interface supports exchange of necessary information between eNB controlling the macro cell and eNB controlling the small cell, in order to support a radio interface with the UE.

In this model, there is split of control plane and user plane in E-UTRAN. The eNB controlling the small cell has an interface with the serving GW for the UE. The eNB controlling the small cell can send all user traffic received from the UE directly to the serving GW for the UE.

In addition, there is split of RRC functions between the macro cell and the small cell in different eNBs. The RRC of the macro cell, called primary RRC, maintains RRC connections and perform mobility control for the UE, while the RRC of the small cell, called secondary RRC, controls radio resources and DRBs established for communication between the small cell and the UE. Note that the RRC of the macro cell also controls radio resources and RBs established for communication between the macro cell and the UE.
Similar to inter-eNB C/U split model, E-UTRAN has one L1/L2 at the macro cell and another L1/L2 at the small cell for the UE. The MAC of the small cell independently operates MAC functionalities for the small cell.
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Figure 5: Inter-eNB RRC split model [Model D]
In this model, eNB controlling the small cell controls radio resources and DRBs established at the small cell, more or less by itself, because the small cell can send a RRC message directly to the UE. Hence, one benefit of this model is that E-UTRAN supporting this model could avoid or reduce exchange of information related to radio resources and DRBs of the small cell between different eNBs.
Additionally, similar to the inter-eNB C/U split model, as another the benefit, eNB controlling the macro cell needs not to process an amount of user traffic, because eNB controlling the small cell have a direct interface with the serving GW for sending or receiving user traffic. Also, thanks to the direct interface with the serving GW, heavy user traffic does not flow between the small cell and the macro cell via Xd for radio transmissions with the UE.
However, there would be significant impact on both the E-UTRAN side and the UE side, due to the split of control plane and user plane of the radio interface and the split of RRC function. The UE should maintain dual RRC connections and differentiate a RRC message communicated with p-RRC, and a RRC message communicated with s-RRC. 
Similar to inter-eNB C/U split model, PDCP also needs to be established at the small cell. Thus, this model could increase complexity in E-UTRAN and UE due to AS security handling.

3 Comparison of Connectivity Models
In this section, we compare the identified models and discuss which model is preferable for small cell enhancements. The table 1 summarizes pros and cons of each connectivity model for small cell enhancement, as discussed in the previous section.

Table 1: Comparison of Connectivity Models for Small Cell Enhancement

	
	[Model A]
Intra-eNB CA
	[Model B]
Inter-eNB CA
	[Model C]
Inter-eNB C/U Split
	[Model D]
Inter-eNB RRC Split

	Pros
	· Full utilization of CA operation

· Only minor impact on UE and E-UTRAN in RAN2/3
	· Utilization of CA operation

· More or less small impact on UE in RAN2
	· Less significant impact on UE in RAN2
· User traffic load distribution due to C/U split
· Light inter-eNB communications

· No user traffic flows between eNBs due to C/U split
	· User traffic load distribution due to C/U split
· Infrequent inter-eNB communications
· No user traffic flows between eNBs due to C/U split

	Cons
	· No support of macro/small cells in different eNBs
	· Some impact on E-UTRAN

· Process of increased amounts of user traffic at the macro cell side

· Inter-eNB latency problem
· Heavily frequent inter-eNB communications

· Heavy user traffic flows between eNBs
	· Significant impact on E-UTRAN/EPC due to C/U split
· Issue on AS security for the small cell
	· Some impact on UE in RAN2 due to dual RRC connections
· Significant impact on E-UTRAN/EPC due to C/U split and RRC split
· Issue on AS security for the small cell


In our view, the model A, ‘intra-eNB CA model’, definitely has a significant drawback because it does not support the case that the macro cell and the small cell are deployed in different eNBs. Nevertheless, if we do not exclude the case that the macro cell and the small cell are deployed in the same eNB, we could not exclude the model A for the case, because we already have this model in E-UTRAN for carrier aggregation. We could relatively easily enhance carrier aggregation model for some of small cell scenarios from RAN2/3 perspective.
Accordingly, we propose to consider the intra-eNB CA model (model A) for some of small cell scenarios, for example, where the small cell and the macro cell are overlapped in coverage and deployed in the same eNB. However, we do not consider the model A as part of this SI ‘small cell enhancement’. Rather, we prefer to discuss the model A for small cell scenarios as CA enhancement, e.g. after this SI phase.
Proposal 1: We propose to consider the intra-eNB CA model (Model A) for some of small cell scenarios as CA enhancement.
We have understanding that we should take into account the case that the macro cell and the small cell are deployed in different eNBs. For the inter-eNB case, we could consider one of model B, C and D, as discussed in the previous section. From the discussion, we prefer model B and C as a UE vendor, because we expect significant impact on the UE side. Furthermore, we do not prefer model B, because we expect heavily frequent exchange of information/traffic between eNBs. 
In consequence, even though we expect significant impact on E-UTRAN/EPC, we prefer to go for inter-eNB C/U split model (model C). We propose that RAN should take into account the inter-eNB C/U split model (Model C) as a baseline model for small cell enhancement.
Proposal 2: We propose that RAN2 should take into account the inter-eNB C/U split model (Model C) as a baseline model for small cell enhancement.
4 Conclusion

In conclusion:
Proposal 1: We propose to consider the intra-eNB CA model (Model A) for some of small cell scenarios as CA enhancement.

Proposal 2: We propose that RAN2 should take into account the inter-eNB C/U split model (Model C) as a baseline model for small cell enhancement.
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