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1 Introduction

In the last plenary meeting, RAN#58, Small Cell Enhancements were approved as a new Rel-12 study item [1] and RAN2 was requested to start to identify feasible scenarios and benefits of UEs with dual connectivity. 
In this contribution, we discuss the need of a new type of cell for dual connectivity to macro and small cell layers.

2 Discussion
2.1 Inter-eNB CA/CoMP
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Figure1: inter-eNB CA/CoMP

One challenge for small cell enhancement is improving per-user throughput by utilising radio resources, when macro and small cell are provided by different eNBs. Since Release 11 carrier aggregation was applicable to only one eNB, Rel-11 CA needs to be enhanced to employ inter-eNB CA. 
Moreover, because of non-ideal backhaul between eNBs, it is impossible for inter-eNB CA to multiplex control information targeted to different eNBs on a single UCI to be transmitted on one physical channel, therefore  independent MAC operation for each connection is necessary [3-6]. Uplink data for each MAC entity needs to be transmitted directly to the corresponding eNB. Therefore, each eNB needs at least one serving cell configured with uplink in an inter-eNB CA. Inter-eNB CoMP might require a similar structure as of inter-eNB CA described above.

Observation 1: For inter-eNB CA/CoMP, independent MAC operation for each connection is necessary. 
Proposal 1: Each eNB needs at least one serving cell configured with uplink in inter-eNB CA/CoMP. 

Because of independent MAC operations, the serving cell with uplink in the small cell eNB will have different functionalities with macro serving cells. We denote the serving cell in small cell eNB by XCell as a new terminology. It should be noted that PCell or SCell terms can still be used for the serving cell with uplink in the small cell if there exists a large affinity between the functionality of PCell or SCell and XCell. In next section, we discuss further functionalities that XCell needs to have. 

2.2 Functionalities of XCell for small cell eNB

2.2.1
PUCCH on small cell connection

In Rel-11 PUCCH can be allocated only in PCell. However, inter-eNB CA with non-ideal backhaul cannot use inter-eNB multiplexed UCI because each eNB has its own scheduler and UCI cannot be exchanged among eNBs fast enough to meet current HARQ retransmission requirement. Each UCI in each eNB should be independently managed and a PUCCH resource and operation in uplink in each eNB is required to carry such UCI. Therefore, XCell needs to support PUCCH transmission. In UE side, there is a possibility of simultaneous transmissions of multiple PUCCHs.  It is possible to avoid simultaneous PUCCH transmissions by using semi-static TDM between two eNBs by pre-negotiation or by using some predefined UE behaviour but it needs more standardization effort than allowing simultaneous multiple PUCCH transmissions [7]. 

Simultaneous transmission of multiple PUCCHs may cause PA (power amplifier) problems. However, considering that inter-band CA is mainly targeted in Scenario 2 in the small cell enhancement, multiple PA support should be considered as a baseline UE capability. Even when considering Scenario 1 in the small cell enhancement, inter-eNB CoMP will have a similar structure with inter-eNB CA. Should RAN2 decides the need of a single UL carrier operation in inter-CA/CoMP, further standardization effort would be expected. 
Proposal 2: UE supports PUCCH in the XCell. Simultaneous PUCCH transmissions in PCell and XCell should be supported as a baseline UE capability. RAN2 should also consider a need of further optimization for a single UL carrier operation if necessary.

2.2.2
Cross carrier scheduling on small cell connection

Cross carrier scheduling was supported in Rel-11 CA. It is obvious that it is impossible to have cross carrier scheduling between different eNBs because of the non-ideal backhaul among eNBs. 

Observation 2: The XCell of small cell eNB cannot be scheduled by Macro eNB.

2.2.3
Random access on small cell connection
In Rel-11 CA, a Random access preamble transmission in SCell was introduced to achieve multiple TAGs (Time Advance Groups) operation. A random access response corresponding to the random access preamble transmission in SCell is scheduled in the PCell. In small cell deployment and inter-eNB CA, it is most likely that uplink time alignment to one eNB is different than time alignment to another eNB.  However Rel-11 random access procedure for SCell cannot work in inter-eNB CA because it is impossible for one eNB to provide a random access response corresponding to a random access preamble received in another eNB with non-ideal backhaul.  Therefore, an independent random access procedure for each eNB needs to be supported. It is possible to schedule the random access response for non-contention based RA based on C-RNTI which was proposed in Rel-11 multiple TA discussion but it is also better to keep the same direction with Rel-11 discussion not to touch RA procedure and HARQ procedure. Therefore, to receive the random access response in the XCell, UE should monitor PDCCH/EPDCCH in common search space in the XCell.

Observation 3: The random access response should be scheduled by an eNB which received the random access preamble.
Proposal 3: UE shall support monitor PDCCH/EPDCCH in common search space in the XCell.
2.2.4
System information acquisition and paging on small cell connection
In Rel-11 CA, system information update for a SCell was performed by using dedicated RRC signalling. If independent scheduler and stand-alone operation in small cell layer is assumed or if the legacy UE (except for New Carrier Type) is assumed to be able to access to the cells in small cell layer, the XCell should have system information broadcast and paging for a  single connectivity UE. The system information update should be managed by small cell layer (i.e., RRM split) [8]. There would be several options on how to signal and update the system information for the XCell depending on architecture discussion. If the update is informed by dedicated RRC signalling, the system has to consider the impact of radio resource for the dedicated RRC signalling for macro cell layer and small cell layer, therefore, more interexchange message between Macro eNB and Small cell eNB would be expected. Therefore, the system would have a benefit if UE is able to update system information of the XCell directly as a PCell.

Observation 4: There would be the benefit if UE supports system information acquisition and paging in the XCell.

2.2.5
Addition/Removal and Activation/deactivation on small cell connection

In Rel-11 CA, PCell is always activated and SCell can be activated or deactivated. SCell addition/removal is handled by RRC signalling and SCell activation/deactivation is handled by MAC CE. In inter-eNB CA, separate MAC operation would be expected. Therefore, MAC information exchange between eNBs such that a MAC of one eNB signals a MAC CE for a MAC of another eNB is not appropriate practice in communication between protocol stacks. However, keeping XCell in DRX state will consume UE’s power if no data traffic available. Procedure to add/remove small cell connection and activate/deactivate XCell for small cell connection is one of a major topic in inter-CA and should be further studied. 
Proposal 4: It is necessary to further consider how a Cell of Small cell eNB can be added/removed/activated/deactivated from Macro eNB.

2.2.6
Radio link monitoring on small cell connection

In Rel-11 the UE can perform radio link monitoring only in PCell because a eNB could determine whether SCell should be deactivated based on CSI report, SRS, etc. However, in inter-eNB CA, One eNB may not get channel condition of a cell of another eNB fast enough to disable uplink transmission. Also, periodic PUCCH and SRS resources can be assigned in the XCell. To avoid uncontrolled uplink transmission, it is necessary that eNB makes sure to deactivate/remove the XCell enough fast or UE supports radio link monitoring for small cell connection. So, the need of radio link monitoring would be identified after the discussion on how to deactivate/remove the XCell.  

Proposal 5: FFS if UE needs to support radio link monitoring in the XCell.

Based on the above discussion it seems that XCell has more affinity with PCell than SCell as shown in Table 1. However, in addition to the above functionalities, further discussion is needed to decide whether other PCell functionalities such as security and mobility anchor, contention and non-contention based RA, and SPS are also needed to be supported on XCell.
Proposal 6: RAN2 should discuss which PCell, SCell with PUCCH, or new type of Cell for small cell connection is used as a terminology after discussing functionalities that should be supported by a Cell with PUCCH in small cell connection.

Table 1: XCell Functionalities
	PCell
	SCell
	XCell

	PUCCH
	No PUCCH
	PUCCH


	Security and mobility anchor
	No security and mobility anchor
	?

	Cannot be DL-only cell
	Can be DL-only cell
	Cannot be DL-only cell

	System information acquisition, paging
	No system information acquisition, paging
	?

	Radio link monitoring
	No radio link monitoring
	?

	Always activated
	Can be activated or deactivated
	?

	No cross carrier scheduled
	Can be cross carrier scheduled
	No cross carrier scheduled

	Random access response
	No random access response 
	Random access response

	Contention based RA and Non-contention based RA
	Non-contention based RA only
	? 

	CSS and USS
	USS only
	CSS and USS

	SPS
	No SPS
	?

	PRACH
	PRACH (for a secondary TAG)
	PRACH


3 Conclusion 

In this contribution, we describe the need of a new type of cell for dual connectivity to macro and small cell layers. Based on the following observations:

Observation 1: For inter-eNB CA/CoMP, independent MAC operation for each connection is necessary. 
Observation 2: The XCell of small cell eNB cannot be scheduled by Macro eNB.

Observation 3: The random access response should be scheduled by an eNB which received the random access preamble.
Observation 4: There would be the benefit if UE supports system information acquisition and paging in the XCell. 

We make the following proposals:

Proposal 1: Each eNB needs at least one serving cell configured with uplink in inter-eNB CA/CoMP. 

Proposal 2: UE supports PUCCH in the XCell. Simultaneous PUCCH transmissions in PCell and XCell should be supported as a baseline UE capability. RAN2 should also consider a need of further optimization for a single UL carrier operation if necessary.

Proposal 3: UE shall support monitor PDCCH/EPDCCH in common search space in the XCell.

Proposal 4: It is necessary to further consider how a Cell of Small cell eNB can be added/removed/activated/deactivated from Macro eNB.

Proposal 5: FFS if UE needs to support radio link monitoring in the XCell.

Proposal 6: RAN2 should discuss which PCell, SCell with PUCCH, or new type of Cell for small cell connection is used as a terminology after discussing functionalities that should be supported by a Cell with PUCCH in small cell connection.
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